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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 ann-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, characteri;<:ing 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 1-tuple, continue generating more 
!-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 ~ 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 + I. 
Thls 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 -~uples 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 (I969b) 
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-I 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 chara cterizer. 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 CHARI 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 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 "I", then 
our program will look for the value "I" under 
the trait VERTSPRED in the general characterizer 
traits list, and decrease the "goodness weight" 
of the value "I". 

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 Qasic 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*I.2,1*T.1, / " 
"P=CHAR4 ,/T=TR0/ 1=5. 4/ " 

means the following: 
".Qescription=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/lmplications=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 na~e=TRO/Last tuple part's 
absolut; address is row 5, ~ol. 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 CO LumnSIZE • 

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

RECOGNIZE 

R1 

R3 

Initialize FOUND implication list, 
FOUNDCHARacterizerS list, a copy 
of MEMory, ROWSIZE, GRIDSIZE. 

Blank out IMPUST 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 
IMPUED patterns, and the COM­
POUNDS that CHAR is part of. 

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 infonnation 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 78-80 
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- 81-84 
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. Go 
to RR8. 

RR7 85-91 
Look for THIS positioned primitive 
tuple part. If no match, see if a 
little more wobble gives a NEAR-
MISS. 

RR8 92-93 
Set new BROW and BCOL for next 
search and go to R3. 

R2 94-95 
Make IMPLIST of implications whose 
THReshold weight requirements were 
met. 

R5A 96-97 

R5 

Record NEARMISSes on ALMOSTFOUND 
characterizers list. 

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

98 

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 Rl. 

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 HI NAME. 
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. 

StiHgment 
Number 

105-106 

107-111 

112-116 

117-122 

123-124 

125-130 

131 

132-134 

135-136 

137-138 

139-140 

If this CHARacterizer IMPLIED 141-150 
FBK but not the wrong HI NAME, 
enlarge the mask for the parts 
WHICH would have given a match. 

Make sure this CHARacterizer's TRait 151-156 
list contains the maximum wobble 
value of its parts. 
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Statement 
Number 

GENERATE 157-158 
If there are already enough char-

acterizers (i.e. no more TOGEN-
erate), go to IN. 

Get the number of the new charac- 159-160 
terizer and decide if it should be 
compound. If not, go to PRIMI-
TIVE generation. 

COMPOUND 161-169 
Choose the number of PARTS the 
new characterizer should have. 
Make an FCopy of FOUNDCHARS 
to choose from. 

CG1 170-171 
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 172-173 
and insert it in order into the 
DESCRiption of the new com-
pound characterizer. 

Add to the new IMPlication LIST 174 
the denial of this component 
CHaracterizer' s impt'ications. 

Keep a list of the PRIMitive 175 
PARTS in order to later insert 
this new characterizer in their 
COMPOUNDS lists. 

Keep the largest WoBble value of 176-177 
any part of the compound 

,stored as WBL. 
Keep the largest Piece size of any 178-180 

part of the compound stored as 
PC. 

CG2 181-182 
If there were less than 2 com-
ponents in FC, go to PRIMITIVE. 

CG3 183-191 
Assemble the final DESCRiption 

with relative positions, noting 
the LASTPART. 

Initialize TRait list for new com- 192-193 
pound characterizer. As semble 
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 

194-196 

197-199 

200-202 

Statement 
Number 

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. 

203 

204-207 

208-210 

211-212 

213-216 

Add the new characterizer to 21 7-218 
MEMORY. Go to IN. 

*Begin routines to calculate the various 
trait values for the relatively­
addressed tuple in DESCR. 

HOROSPRED 21 9-22 7 
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 1 0. 

PROXIM 243-256 
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 

257-259 

This paper briefly describes the various 
features of -our program. It then gives a de­
tailed flow-chart-like "precis" that refers b y 
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 exa·mine 
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 characteri:(;ers, 
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 !-tuples and then, to the extent that 
feedback indicates that it must improve upon its 
performance, 2-tuples, 3-tuples, and n+ !-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 I= I 
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' 'I' 
These statements have several components: 

a) the "name" of the string to be processed, b) 
the "pattern" which is a sequence of I) "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 1 001100 1

, 

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 I 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 
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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 BO 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=Dl, D3, DB,/' Ml 

IN 
ASK 

'LAKES=D3, D5,/SPAIN=D3, DB, Dll,' 
'Dl7,/1 

.READ *QUERY* I '/F(END) 
QUERY *DESCRIPTOR* ',' = /F(IN) 
DOCUMENTS DESCRIPTOR '=' 
*PERTINENT* '/' /F(ASK) 
• PRINT = DESCRIPTOR ' IS ' 
'DISCUSSED IN ' PERTINENT /(ASK) 

END GO 
RIVERS, SPAIN I MOUNTAINS I 
((Query to be input, on data card)) 
*PRECIS - AN ENGUSH DESCRIPTION OF 
*ABOVE INFORMATION RETRIEVAL PROGRAM. 

1 
2 
3 

4 

Dl 

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

IN 

ASK 

END 

READ in the next QUERY (which is 
a list of descriptors) 
Get the next DESCRIPTOR from the 
QUERY. (If no more, Fail to ASK.) 
From DOCUMENTS, get PERTINENT 
ones if the DESCRIPTOR is found. 
PRINT out the DESCRIPTOR and the 
PERTINENT documents • 
GO 

2 

3 

4 



Initialize memory, 
parameters, and char. 
and trait lists. 

Save implied pattern 
names and put further 
char. tuples on memory 
list to look at later. 

Compile list of 
implications and their 
weights. 

Choose and output the 
implication with the 
highest weight. 

Figure 1 . Program Flowchart 

REWEIGHT 

For each trait, decrease 
the weight of this bad 
char's trait value in main 
char. traits list. 

Upweight the impli­
cation of feedback in 
this characterizer. 

For each trait, increase 
the weight of this good 
char's value in the main 
char. traits list. 

Also for each trait, if this 
good char's value plus l is 
not in the value list, add it, 
for this new value might 
also be good. 
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AD UST 

For each char. almost 
found, if it implied fbk 
but not the wrong name, 
increase its wobble 
allowance. 

no 

COMPOUND 

Using list of characters 
found in this input, 
assemble new compound 
char. and trait list to 
imply feedback. 

Choose 'good' values 
for certain char. traits 
with probabilities re­
flecting the value wei hts. 

Choose new random tuple, 
trying for a tuple with the 
desired trait values. 

Assemble and add to 
memory the new primitive 
char. and trait list. 

REWEIGHT 



UNIVERSITY OF WISCONSIN 
COMPUTtH SCIENCES DEPARTMENT 

IMPitMfNTAI!ON Of SNOQOI 
VERSION 3o0 8/1/67 

--------------~------------------~L0.8"""1'--_ 6u.9,._.._0.2,;.2"-3.L...C•"'-2"'4---------------------'-

13tG IN ~OOEI~QUMPtl 1 
QUTR" r I ~ ... R I NT ~~-"'-~------------------------,---<2'--
~EAO!tREADtot60t) . 3 

--- ---- --- -Qt:F [i-.IEJ~f.lOi!IOHo.t::BtE~'-L.-l-£!l-i...e..£JW.W.ORO-fQ.4~!!1·C0L.•R•C•L.EFTl&l 
DEFINF.!tTR~ITwTITNoUX)tttTlt) 5 

-------------Ot.f I Nt:: . ~ ~HA-1\lJUI?.Jl.IS..U ~ ._~H.l~J-________________ ------- 6 
QEFINEI~PROHCHOUSEITltt~PROBCHt) 7 

----tlO.c;.t:~F I-t~~t; <~AdS II-AU4lL~.o-o z"'-A--~Q~SlLV ,p..'\l.i.rl&i'-+-1 -----------------------IA!I---
OtFINE(tTUPLEUESCH(T,P)totOlt,tROw,cOLt) 9 

-~~--- -- - - - - - CEF- lNt:-tliLARG.E-S-'f..LLRJ..~-t.J.\.AR.GEST~ ---------·-----·------------JlHOJ---
OEFINE!tSECSITltotSEC:Ft:FHoMtS:Fl 11 
DEF: INE I ;WHINT7S (Co Sl t .,~!JR lNl7S;t., .;tS1t--)-----------------------.---------l-112~-
HtA0 ~TLIM* t ;t 13 
~RJNr - * Tl.--l~M~=~;&~~r~~IMa-______________________ ~~--
8EG{NTIME: SECS!TIM£(ll 

- --------~--·- --- PR l N.T :. __ -t_ ioJ£G.lN.l T ME -= - ~- ijf...G-l.N-Tl-M.fi:-~­
f.IEAD *fLAG~ t t I~ (£NUlSI$fLAGl 

---~.AO -CAROS .. w I TH . INFO SAilt::U ~ f..ROM. U-5+- RUN.--------------·- --­
Ht,\QFILE READ *{IJP* /F(PA f-il+l 

-------~,-~ _ _t$~_ L$.1.2.A.Ji.!ll_ ___ _ 
INP *NAME* t::t *IN~* 

INPUT:; lNP.U~[ lNfl __ -------·-··-------· ·- ---~- ~--------- ----~~ ~-­
INPUT ~~ ~po ~~~- IF<HEAUFILEl 
BLANK *I NPUT~ _ __ ____ _ 
iNAME : nNAME INP l<f.lEAUFILEl 

_ .....ltU.llZL-- .YJ:...MO.HL -~ ---- ---- ---------

15 
16 
17 

18 

20 
21 
22 
23 
24 

f\ = t:JI 26 
CH TKA 1 TS = IP !Et:E (' 1--l u I TUPS.Il£1 • ~"'- l t.li$./HORUS£REO.l t~-l,JJJ_L_ ______ 2~7-I----
~VERTSP~EU!t3-ltl/GHIDEUGEI•S-ltl/PROXIM(o4-lt)/~ 

·-- -- ~COMPOUr~U(,N•J-ltl/wVtlBL£.(o0-lt-Ull--~-- -- --. ---------~--· --· -·-- -- -· ------
TOGEN = ~2JF 28 

--~Aii4-~----~!i->l-l bii--- =- --i~lAI..--~t-L--- ------------------- 29 
P..;R3 KN : .L T <K '~,I~) KN + ~~- IF (PAR) 30 

PRINfl~(tjtCHARt K•~h:td~CriA.HF KNl.l. .. /(~ARJ.) ... -- ----- -------- 31 
i-> AH PAHAMS = lltNt<llloEC<-lliiNITHf.lESH(2lltNlTWT(~l/~ 32 
• tlW0fl(l0)/i.lAIJ(Il)1PHV i.~COMPOU r.J0(2)1t --- ------- - -~---~-·- ___ _ 
* INITIALIZE PARA MS TU fHt::.IH VAL~ 

- ---- ------- ·- --·-COPY .:. P-ARAMS. ·----- --- --~----------·----- ---
PARI COPy ·~x;; t(t *Y~ t)l"t: tF<f·'AH2) 

'ill= Y /(~ARll 
34 
:15 

P>. H<:' 
PC.H 

tOGEUOfS = t •••••••••• ;t I<{Nl 36 
PARAMCHA~GE oPAK~ t:t ~tAo 37 
~PAH = /.. 38 

--- -- -1 i>l- .... . . CULSilE ; ;tut ---- - -- - - ----- --------- --- - ------~- ·----------~-- ·---'--39,.___ 
PHINT : tiNPUT PATTtRN~ 4~ 

;; IF II L'-10ST TO EfiU OF TIME Ur.l! T SAVE INFO LEAHN£0 
X= S~CS<T[ME(ll - oE GINTIME 
.UE<XtTLI~l I~<KEE~flLEl 

* FIN O LAR GfS I POSSIULE •OHH~E TO PUT UN EOGE~ 

I 1 

wUI:JL = L ~-; RGE~T (t\'IVbtJL..EEL _ .. --- - --- ----------------- ·-------- ­
E UGEI JO IS *EIJGE I WOHL * 
REAU ~IN~Ow• t t /F(KttPFlLEl 
INRO~ ;to;;~~ ~F8K~ I~<RECUGNlZEI 

*CAll RF-:AD PJ Nt.l• PAHM-1 VALUt. tilTH STtH OF FOR t·1 )PARA~1NAME;:=lllNEW. VALUE;:lt 
l~kOW ~~t *PAHAMCHANGE* - /S(PCHI 
f ( tf.! l)rlt !':IJLS I.Lt) = t:.OGE INf.l01~ EGG!::: 
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41 
. _Q__ 

43 
44 

.. -~- -- r..5..-
46 

47 
48 



PHINT : ~ t $(t.KUW~ COLSlZE! 
CULSIL£ = COL~ILE + ~~~ /llll 

HtCOli ' JIZE rOIJNI) = t.urJKI\1\).-; i\1-0•:t 
PHINf = tFEEDdACK : t fdK 
r--E.M : /V,t>10HY 

49 
S0 ---
51 

- 52 --
53 

HLANK *fOUNUCrlARS* - ---· ···--· ··-- - -··-··- -- --S4--
~OwSllE = SIZE.IKOwll - ll'2:t * SlZFifnGEl 
GkJUSizl : ROwSILE. w COLSILE. 
RLANK *lMPLIST* 
"'E t 1 i> X It.'+ t * * C r,J * t. , f. 

55 
--- 56 -­

c;7 
_sa __ 

w£M *CrlA~* ;t,;t : /~IOENi) 

----- _ -- - '!CHAH ,t[J_;/ __ *QESCH* '-I I=t --~1 ~1f.>LIEO.!:!.. U!J.:;t *C.0!1PO.UN!}S* :tn __ 
59 

· -- --~ 
* ACCUMULATE SlJ"" 'lF lt1PLICS. vF t.ACH PART 

10 

SUM = 10t 
BLANK *tiHOW* •HCOL* *NEAHM!SS* *WHICH* 
r.lESCR *PUS* t*t *THiS* t-t _*WT* ;.,t : /F(R2l 
8LAI~K *LS* *H:,• 
wHICH ; «rliCH -~ - l!ll!. -·-·- - - ··- _ 
POS *ORO w* :t.F *OCO~* :t.t *MASK* /SIRR5l 
CHOA = tANYwHE.HEt I(RA~l 

RR5 OROI'i : DKllvl + t1KUW 1 S ( RK6) 
0 AOOITtON FAILS wHEN DRON = tANf wrlt.HE:t. START LOOKING IN HOW BROW 
HAS R = ~HOW - :tlt 

--* . .1.AtJY_WHE:.Rt.t _ St.Af.!C_t-t_ 
RR3 .LT(H,CULSIZE • tl:tl /FIR3Rl 

H : R + !tlt 
i(tKO~t H) *LEFT* THIS *RlUHTw /F(RR3)S(R'+R) 

bl. 
62 
63--
64 
65 
66 
b1 . 
68 

69 

70 
'll-- --
72 ' 

* S.tNCE 
R3R 

Tt-<IS tAI';Y -' HE:REt SEAKCH FAILt:O MAKE NEXT TUPL£ PART APPLY ANYWHER --·-

______ .. lL .fO.UND 

R4R 

DESCH *RUNCOL* t*t = t*~ /(R)) 
T.l:'lS. eART • . SEl TH.IS t~VW 1\S . . NE:w .tlEGlNROW fOK _fUTURLSE.A.HCH. 

HROw = R 
~lGHT ANCHOR() t/(:t *BCO~* ~~- *WGT* tit /SIRH4) 
BCOL = SIZEILI:.FTl - Silt.IEOGEl /!R3l 

* SEE IF wGT OF T~IS FUuNU Prl!MITIVE CHARACTERtZER IS ABOVE THE 
* THRESHOLD NEEOEU AS PART U~ THt COMPOUND CHAR 

_____ R.!i!L ______ -SU.M ;; _.Gf::llliGTu.IL SUM ___ '! wGL.t.tR3J_ __ _ 

*LOOK FOR tRELAliVEL'fl PO~JllONt.O THI~ PIECE 
HH& CCOL = OCDL + ~COL . 
* FtN1) CUMR[Nl WOtidLE SIZE fUR THIS CHARACTERTZEH 

i(tTRt CNl twU~~LE(t *W~L* t)t 
* LOO~ FOR COMPOUND TUPLE PA~T wlTH ITS INFO 

73 

74 
75 -
76 

77 

78 

__ !HtHQ_wt _QROw )_ Trt.l S U ( ~ •WC* .- t~t- *WGTlL~H lfJRfi.'J.)__ _ _ _ --- -·-------8.11---
CCOL = .GEiwUL,AHSVAL(OC • 0cOL)l DC /SIRH9) 

* SEE JF t.~QR[ ~OtJtiLE WOUL.O GlVE MATCH ·--·-- _ ______ _ 
~E.ARMJ.SS = .GE(wH~ + 1-l~, AtiSVALIDC - DCOLl l NEARMISS WHICH t.t 

• ;IRRt!) 
* SET THIS AS NEw STARTING P!• FUR FUTURE SEAPCH 

___ _RR_g_ _ _______ ij RO ill ;; __ (JRD.IIL ... . ---·------·-----·····-· - - · ·-·- -- -- ----------· - -·--·-- -------------·--
HCOL: OCOL /(RR4) 

~-- ~~- wONT GO OFF WGt~S OF GRiD• LOOK . AT. Lf:.f.I - ~--- RLGtiLSloES OF MAS.K TOO 
RR7 LS = .GTIOCOL + SlZtiEUG[lttOtl tlt 
-------- -- RS.: .LT(()COL +. MASK + SI;zUEDGE) ,st.zE<ROWl) l tlt 
*LOOK FOR POSITIONED PKlMITiVE TUPL.E PART 

81 

fl2 

a3 
84 

as 
8.6--

RR I 1 $..L£RQW:.l.. _QRQ.w_LANC.tiUl:L(J. !L.EE~fLtOc;O~ .SlLEJEOLill-"!--~-4!. _______ ·-· ·-- --~ 
• *L/LS* *GLANCE/MI\SK* •AiRS* /F(RR8) 
---- -- GLANCE: THlS../S!RRlOl __ 
* SEE IF ~ORE WO~~LE WOULD GIVE MATCH 

- ___ (L GLANCE RL THIS _If IRAti) 
~EARMIS5: NEARMISS wHICH ~.t /!RR8) 

_----<>.Rn.H.._J, U--------SUM- 1 .--SUM -L -ilL!----- __ __::__ - ------ --·--- ·----··--- ------··---·--------- - --· 
* SET NEW STARTING POINT FOk SEAkCH lEVEN IF ntn NOT FIND THIS PART> 

.HP.8_. BROW = .GEIORUw•tOtl DHOw 
8COL = .GEtDCOLttOtl DCUL /IR3) 

_____ <!_ _ENU_ _.QL_Il:ILS CHARAC.lEl:!llE.H __ _____________ _ 
* MAKE IMPLJST OF IMPLICS• WHOSE T~RESMOLO wT, REQUIREMENTS WERE MET 
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~-
90 
91 

--___ _g_z____ 
93. 



R2 IMPLIED ~THR~ ~·~ ~lMP* ~.- • /f(RSAI 
- - - ---...t-Me.UST = oGEISliM1IHR) lMPLlST IMP lltll /(92) 

~ SEE IF ~AD ANY NEARMISSES 
R5° N~ARMISS t•t-]#* /~(QSl 

ALMOSTFOUND = 1GT·(SlZE ( lMPL.I.STl tt-l~) ALMOSTFOUND CHAR ll•t 

94 
9§ 

96 
97 

o NEARMISS ~~~~M~P~•~I~S~I-1i!LI~a _______ _____ ~-----------
* IF ANY PART MATCHED (AND GUT ON lMPLISil PUT ON FOUNDCHARS 
* THIS CHA~ ANO ITS INFO 
R5 FOUNDCHARS = oGTISIZE!IMPLISTl•tl~l FOUNOCHARS CHAR a1t CN 98 
I aua SliM--·- IMP! lSI ala tf'(R}) 
* IF THIS CHAR IS PA~T OF A ~ARGER COMPOUND• MARK It FOUND IN * CURRENT POSITIOM-RO~r~o~f~l~N~P~II4T-·· ____________ ____________ ~-

COMPOUNDS ~X/tlt* /FIRll 
$ (l!f.Hlwz HAOw) • $I ;!801!1# BROW) CHAR at ( # BCOI a.a SliM -) # 

* IF NOT ALREADY THERE ADD ONTO MEM THE CHARACTERIZERS Of WHICHTHIS CHAR 
~ IS A CO!o!POI !N!I PART TO I OOK AT LATER 
R4 COMPOUNDS *CH* a,a = /F {Rll 

_________ ..M.E.M_ c H ~ I;! Is ' R 41 . 
FOUNDCHARS CH a.~ /S(R41 

____ l!_~_...ME_.r-t._ert..._E_t..LL! .~--­

~ ERASE A~y OENIEO CHARS 

99 
100 

101 
Jlr2 

103 
}04 

DENy EOIINQCHARS ~U *DFNlfQ* E•E ., IE I IMPLY) 105 
FOUNDCHARS DENIED ~~~ ~x• tit = /IDENYI 10~ 

__ IMPLY 
R6 

EC - _E OUNOCHARS 107 
FC ~CH~ a:,a *IMPLltD~ a;a • /F!CHOOSEI 108 

-~Ru7~-----~-LE~~~~.w~r~~~~~·~~~m~/~F~InR~6~1----~--~----~-----+1~09¥--
FOUND a,a NAME a-a ~SUM~ a,t = t,t NAME t-t SUM + WT a,a /S(R7) 110 
f()!INQ : #oil NAME" ;!-; WI .fOUND /(R7) 111 

CHOOSE FOUND It!! ~tHINAME~ ~-~ *HIWT* a,a : 112 
__ Cj__ ___ _f_OUN O.. .. itlll ik"l.U...~~- *..ii.l..L..i..1.~---t£-(.OllJ..+---------------------A-1~l.;,.)_ 

oGT!WTtHIWTI /F!Cll - 114 
---- ----- --. !\l N.AM.E- _;_IIIA_M[__ ________ - 115 

~IWT = WT /ICll 116. 
lli!T PRII'>Ii = l!lf IS E HINAME 
u EvALuATE ANSwE~ 

__ . --- ---- - --- F 81<---~-XI ~ L~~....L£ 1 l .NL ___________ ---------------·--·----------
EQUALSIFbKtHINAMEl ISilNl 

----- ~-ANS.W.fR- .JijA-S-- >tRON.G ----- ... ----- - ------- -- --·--- ---- --·---- ------· -----····------------
FC = FOU NOCHARS 
PRINT - ;;REwElGHTED (HAHACI.ERl.Lc.f.nR.-.5""-t--­
CHAH = 

____ .R!:.11.f;..LG.HL o.G.L! 5 llE LCHAHl tlU EL.eRlN.US...l CHARL!hCHARL __________ ________ _ 
. fC ~CHARu a.~ tCN~ t~; ~SUM~ l:t ~IMPLIED~ tit = ;F!AOJl 
--~ - S~.:.E--1~-~-LNA-ME- WAS A~1 0 N G. l MI-'.LICS ___ --.- -------·--------------- ------------

lMPLl£ 0 ttt Hl NAMl t,a - wT * tti! /fiC4) 

118 
119 

120 

122 
123 
124 

125 
____JL DO WDI¥!Ef G HJ THE LM.P...LLC.........QE___rt ..... J N~AM"-'4-E---------------------------­

wT = .GTIWTtHA D + i!ltl WT - t1t /S(C6l 
----~ - ~~A$£.- HI I'.. AMC:t ~ t. CAUSE !MP~l-Co WT • - WOU~O NO-W--BE ---S.-~ A-0 ------------ -

5(HAR tt=t *K~ ~~- Hl NAME t.t ~WT* ;,a = #!=# 
----- . . JL. ... l J;. ... J HERE- -l S. At. U T HER l M.PLl Co - IN. X,_- P 1 CK -t hRfSJ,I _ .w.L .OF ...lil NAME- OEL --E-1110--­

~ AND REPLACE X AFTER tt=t 
------------~L.tS.l-le,-L~.LJ.i..11~1..€£..TL.I..S.LZP-ll---• ;t;)ll* ~y~ ;t.;t ~THe~ 

: LEFl Y t,t /F(C7l . .. 
- .... $ChAR ~I::;t:;; ~l;;t __ )( L IC7.L ______ ___ ------------- -------------------

* REPLACE HlNAME IMPLICo wT WITH REDUcED WT, 
-- -Cb .. $(-HAR tJ:;; _~ ~X~- ;t_~t ttl NAML tJ.._ ~OLQW.U- ---~- = ----- ---- - --------- -

• il~t X t~t H!NAME t,t WT tot 
--- -~-.E.oR. E A CH.... .. !.RA. LlL G.l.li..£_ Itil_5__ __ .b AO--Ct1Al:l.Acl l::fU.~ll..AUJ.LjLQ£ CPE MEN T 

~ ON THE ~AlN EVALUATION LIST -

126 

127 

128 

12-Q.--.-. 

-- - 13..Q___:_ 

r.:.7. TRAITIHI CN •DECl -- ---- --- ---- ----1-3-l--
~ IF NO MORE D~ ~LIC5 FO R THIS TU~LE ERASE CHAR FROM MEMORy 

11CHAR <>X* tl=lf. *Y~ = /f.IC.i+J ___ _ ______ _ 
TOGEN = T06EN + tl~ 
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WEMOHt C~AR t,~ = /tH[wliGHf) 
* IF FF,lK wAS NOT A ~lml\.i lMPLlCSt AOO IT 
C4 IMPLIED ~.~ ~~K ~.- /S!CSl 

·····--·-- - -· $CHAH -Fl=>t = tl:= .. 1 l NUt:!RlSH #-*1- Fi:lK f..t . lNLI'III . f.t..t . /H1EYIElGHlJ 
* l.JPoiUGHT Tt1E. [MI-'LIC. OF ~11K 
C ~ iCHAH 'I=~ *X* FB~ ,,f. *wT* 1-,t = f.t=t X F8K f.,t WT + f.1f. t,t 
• UPWEJGHT THIS CHARS V A LU~ iN MAIN CHAHTRAJT5 LISl 

THAlTWltCI'H!NCl /(RFWf.lGHTl 
AOJ PRPJf = ~w08ti L t. -A!JJUSTED CHMlACTEHtZERSf. 

_____ J. lN.c.HEASE ANY wOt:lt:lLE THAI ~~oVULO. HAVI::. lMPfWvEn Pt.HFORNANCE... . ---· ---·. 
AOJUST ALMOSlFO UNO *CHAR* f.-f. *wH ICH* t-•t *IMPLIED• ''' = /F!GENERATEl 
@ SEE JF THIS CHAH IMPLIEU fbK ~0T NO T WRONG HlNAME 

IMPLIED f.tf. F~K t-• /f(A[JJUS Tl 
IMPLIED ~·f. HINAME. '-f. /StAUJUSTl 

• INCREASF. V.t1L FllR THt:. wti iCH PARTS OF CHARt SO WOULD HAVE SUCCEEDED 
------ AU.l . . - 11LANK *LEFH . -

AU3 
AD2 

I'AXwt:!L = :f.Of. 
$CHAR f.U:f. *DESCR• f./f. *X* f.;T=~ *TR• tit 
wHICH *W* f..~ = /FtHEPLACEl . 
CESCR •PART• t,~ = 
w = </1 - t1t 

. LEE.J :; LGJ ( w t .I-OH .. Lt..ET - ~AHL.t...t.:f. L5 (.A.D2-L --· -· - ---- -­
• lNCkEASE -Ot:!Hll OF THIS PAHf ~~ ADDING 2 TO MASK SIZE 

~AHT *RO ~ • :f..t *CUL* t.:f. *MAS~* ~*f. •THIS* t-~ = 
• ~Ow ~.t r,OL - #l~ t-.;. MASK + ~2t t•t THIS f.•t 
• KEEP L~FGt5T wO~HLl OF THl~ CHAR IN MAXWRL 

134 

135 
] 36 

13.1 --

13S---
13q 

140 

141 
142 .. 

-- -.l..U--
144 
145 
146 
14 7 --
148 
]49 

THISiibL: (MASK+ 1-2~- SIZEtTHISl) I t2t 151 
l'IIX~'It:lL = ,GJ(T ii.lS WH_L,,_'1B.Xw1ll..! H1!51'o'BL ... __ ___ - ·- ------------ --- __ ____ __152 __ _ 
CESCR =LEFT PART ~·~ Ot:.SCR /(A03l 153 

* PUT ADJUSTED DESCRIPTION bACK IN CHAR 
RtPLACE. iCHAR ~U=~ *OLOOESC~* ~/;. = f.O=:f. DESCR :f.;t 
~ ~AKE SURE TR CONTAI~S MAX wO~~LE OF CHARS PARTS 

154 

'TR trl ObbLEt~ *~HL* tl' = •GT!MAXW~L,W~Ll :f.WOBBLE(~ MAXWBL ~)f. 155 
- -------------~Rl-Nl15.(CHAHt iCHAI:i.L / .~AIJJUS-T )__ - - - --- - - ... - ------ -·---- ... -· ----- ------l-Sb--

GENlRATE .<;T(l'OGf~l ,~l'~l /FtiN) 157 
TOGt.N ;: TOGt.~J - f.l :f. - 158- ---

* GET NUMRER OF NEw CHARACTt~IZEH 
1\. : N + f.lt 

' *DECIDE wHETHER TO GENERATE COMPOUND OR PRIMITIVE CHARACTEHlzER 
- - · - - - - ---•LU•HAI'-If L~l.Uit.l t.I?.HObC.O.M.E.U.UNUl ./E.U?.Rl.M.I.JlV.£.L ___ _____ _ 

* COMPOUNC GENERATION 
COMPO~NO COPYTRAITS = CHTRAifS 

COPyTRAITS f.WObHLl!~ •X* ~)/;. : 
COPYTHAlTS 1-PlECE!~ *X* - ~lit _~ 

• t:.RASE AROVE SO wONT THY Tu CALCULATE TPAJT VAL LATER 

160 

---L6L-
162 

--- ~63---

________ __ J2ARlS.. __ ;___J:?.R08ChO.OSE.lHill'S.lZE.ti- .-- -- - - ·------ ---------------- ·1.6JL__ 
PARTS = ,LE(PARTSt:f.h) :f.2~ 165 
FC i: FOUNOCHARS ... ·-· _ ------------ --1..6.6.-
BLANK *IMPLlST* *DESCR* *TUP• *PC* *PREROW* 167 
BLANK *P.RECOL~ _ JIPRlJ'IPAHTS.• -- _ _ ~6.8......-
w~L = tO:f. 169 

__..,c....,r,,_.· 1~---"-F .... C--=-* C.t:t.!_L~- -* C N * ;. *.J'-~ ... U .L.A... LE..lC G2 l _ ---- ____ LI.Q.__ 
TUP : TUP + :f.lt 171 

___ . ----·---- iCI:I ~~.1-. .. *LASTPAHJO __ it./_; .. _ ____ 172--
CESCR = ~OWOROERILA~TPAHT,OESCRl 173 
LMPLI 51. : lMPL 1ST . ll:U IHHE.SH . ttt$;. CH t, # _ ----U-4..--
PRIMPARTS = PHIMPA~TS C~ ;.,;. 175 

* Kf:EP LARGE~~~....uR -1.tHL(;ill1E.UUhiD .. ~A.C.lERIZER 
$(:f.TRt CNl 1-WOBBLE<~ *WB* tl~ 

··-··········· - - .. wBL .::. . • GT('IIB,WI-3L) Wt:l 
* KfEP LARGEST TUPLE SIZE OF COMPONtNT PARTS AS PIECE SIZE FOR THIS . 

176 
177 

---- !!. - COMP.O.UJIIO. .------ -- ------- --- -·--- -------··-- -··-·- .. -- .. ------ . ---· -- ----.- -- -···--- -·-----
$!:f.TR~ CN) f.TUPSIZE(f. *P~ •>~ 178 
PC ;: ,GT (P,PC) P 179 
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PARTS= .GT(PA~TSt~l~l PARTS • ~1~ ISICGll 180 
------1oCc~.~<.ic.:.2----~-l.UP-t-~l-LfJ..P.Rll~"""'li--Thl~V4f:;-<l'-----------------------.&.l-"A'-'l-

OESC~ •PLIST• • 182 
--~-0£SCR~.r:P_,.,V-"Sc.~.I_..T_.I.uOuN""S'----------------------,----.,.----

CG3 PLIST *ROw* ~.~ *CO~* ~.~ *CH* ~.~ = IFICG4) 
Xl : ROW • PREROw 
X2 = COL • PRECOL 

__________ .x_~_i.2.L * ....cWD.J8ouL-· _ _ _ 
X4 = X3 + SlZE<CHl 

_______ _ .c.E.S.CR __ : __ Uf..S.CR.._.U_hL.!C..Z......LLL..l.~~- CH ~ .. 1 • ~ -
PREROw = ROw 
PRECQI -COl t(CG3) 

C~4 LASTPART = ROW ~.~ COL 
---*--l-N-l-4A~ZE-lRA-U-U-~--------

i(~TR~ Nl = ~TUPSIZll~ TUP ~)•PIECE(~ PC 
---...------~-) ..-wOSB.LE -'-~- w8.L- #.....___-_____ -~-------------

* ASSEMBLE COMPOUND ChARACTlRlZER 
(tCHARt N 1 = •o=z o&scc •'t=* INITHRESH *** ~a~ a.a 

• INITwT ~,; IMPLIST iiP=/T:TR~ N ~IL=~ LASTPART ~~-
--*--l!tARIL~AC-i'i _ER 1M lU.IIE. CH.AH. .. CUMPONENL2.ARL Qf_.J.Id.s_Co.MP!.>UIIIO-CH- ----· 

CGS PRIMPARTS *CH* ~.~ = IF<cGol 
···----·-----· .. $-CI'i- i.P.:i .: .. --JP:CH.A.R;it. N -- ----~ ---1 LCG5+--- --------------

CG6 BEl = ~G5~ I(G6l 
* Pp 1M I-l-i-11-i: GENER .b TI ON 

* MOVE ~ WARKER IN CHTRAITS SO AS TO CYCLE THRU TRAITS 

183 
]84 
185 
] 86 
187 
188 
189 
190 
191 

192 

194 
--- 195 

196 

___ .!t. .A-l--T&M-PllNG TO- -~!iN£RAl€ ..WIT.rtlN-- ----- -------·-----·--·--------------------· --------­
PRIMITIVE CHlRAITS *X* ~1$1~ *Y* ~~~ *Z* = X ~~~ Y ~1$1~ Z ISIG1l 

-···-- --- -- - --- -CHTRA US .. o X.1Ll/"J .. - ~Y!L*I:il./-*-._~1t.. . =--X---~$1~- ¥.- t.J_'#._ z__ _____ ---
Gl COPYTRAllS = l X ~~~ Y iii . 

___ ......!..Ll-HS-L-Ch.OO.SE-IRA.L.ts.....WJ:t.l.C-I:L..AHE-J~.ECESSARY INFO £OR ANY flJPt.E 

197 
198 

199 

TUP = PRO~CHOOSEI~TUPSIZE~l 200 
___________ __ PC __ : PRO!:lC.H..OPS£ .1 ~~ I~CE.~J ________________________________________________ ____2_0_1_ __ _ 

~HL = PRUbCHOO~E(~~UbBL~~l 202 
--- * .. lNUlAL llLJRA IT . LIST . fOI:L. l~EW _C.H.AR.ACIERllE.JL______ . ___ ___ ___ ____ -------------- _ __ _ 

$(tTR~ Nl = ~TuPSIL~Ii !UP ~)•PIECE<~ PC iltWOBBLf(~ WRL ~~.~ 203 
* GET ADQj_[_._I.RA.LL_\LALUt: TO [Hy_f..u.J;.l.__ _________ _ 

COPYTRAlfS *TH* t(~ . 204 
---- -- ----. -- TRY VAL ;:: _ ~F<O~CrlOOSElTRl --·- - -- - ---- -·· --- - ---- -- -- --- -------------- ------.:2;.o.O~-;;S,___ 

lRy = tOt 206 
R~ T .: ~G3Jt ------- -·--- -- -· -- --- ---- -- --·- --·-- --- ----------· -·--------~2!-\0.H7r---

* NO~ GfNEHAlE TU~LE USING TUPSIZE - PIECE SPECIFICATIONS 
- --.Gt..bi.+-UE--- -l!l.Y.--L. . oLE.-l:UH ~ E.IH- l....l!a . .i..ilL .. t.E: .. ~ . 

* CREATE RANDOM TUPLE OHUEHEU BY rW~oS 

OESCH= fl.JPU:O~SCR(lUPtPCl /VUR-l - -- ----- ---- - -- -------- - 2't!"OIP9'1----
* WILL RETURN FROM TRAlT ROUfiNE TO WHATEVER AODRESS IS IN RET 

-*SEE IF THIS TUPLE SATtSFU:. IJ THE OESlRlD- HIA-IT VAL ---- - ---- --
G3 EOUALS(VAL•TRYVAL) rF(GlNTUP) 

__ __L_J.Ul:?U-.....HAO- UE5.1RI:JL V ALUL .. illLE.LSL-5 TR I E. S EA-U.E.fL.At,tll-. .Itit5.....!.UPLE wILL. 
* BE ACCEPTED 
G4 ~ET : tu5t 
* ASSEMRLE CHAHACTERlzEH 

i(JCHAH~ N) = ;tQ:t Ut:.SCH t/I:;~. lNlTHR[SH #*l! -fBK ... ~ UHTiil 
~t/P=IT=fRt N tiL=~ LASTPARr tit 

210 

. - -- - --2-11---

212--.-

_____ JL-N{)w.. c-YCL&- TH~U Rt:S T . Of"- TR~.Lt.S.L.-<;M.C!J\.A-lV«;-~JS-J~US--¥.~S---- ------- --------
G5 ~ ("JTR~t N ) = :ldHR~ N) TR t (~ VAL ~~ ,~ 213 
\J 6 C 0 P rT H A 1 1 S * T H * t ( t * )( * -~ ll t ::; IS ( $ T R l 2 H __ 
* AT iTR wlLL COMPUTE TUPLE~ VAL FOR THIS TRAIT• RETURN TO $RET 

PRJNr = tNE~ CHARACrERILERt 
PRJNT75i ttC~IARt N) ,:bttCHAR~ N)) 

215--
216 

___ __!_ _ !f~-- CO!!lE'OUNO CHAHa ._ _ OON.l PUT . 1 L IN .. lSI LEIIU- ME..MnR.L ______ ___ --·----- -- ----- ------ ----
OESCH '*(t /SIINl 
~~~ORY : MEMORY ~CH~R~ N ~,; ltlN) 

* HEGIN ROUTINES TO COMPUTE rHAll VALUES FOR TUPLE- IN DESCR 

* 
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* CALCULAlE M4.X. CClL S. fiETwEI:l'< LE.rTr~OST ANO f.liGt-~TMOST PARTS OF TUPLE 
HOROS~RFO COPY = UE SCk 

COPY ••• -.~ *LEFT* t.~ *X* ~~~ : 
I<T:LE.FI 
1\F-.XT = Lt: FT 

fo C:llPY *X* -;..1- * f\J llv.* l-o1- *X*~.~= /F'(T6l 
1\EXT = 1,10 /J + NE"T 
RT = oGl tNE.Xlt~Tl Nt..X.T /Stl5) 
LE.Fl = oLllNEJ\T•LE:.~ll NEAT /(T!'i) 

r'o VAL; f<l • LlFT /lliHt.Tl .. 
• 
* CALCULATE 1-' >~X k U <'~5 l:lETwEI:.!'l lOPMOST ANIJ 8UTMOST PAkTS OF TUPLE 
VtHTS~RFD OESCH •xo ~~~ *COPY• 

VAL = lt(!t 
Tl COPY *NEXT* t.1- *X* t,t = /F($HETl 

VA~ : VAL + NEXT /(17) 

*CAlCULAfE N~M~E:.H UF POINfS 1~ TUPLE WHICH LIE ON EDGE OF PATTERN 
* VAL ~JOHI"ALllEll u Vfk 111 
GHlOEUGF COPY : OESCH 

T'-1 

HLANK *kUW* *COL* 
v.AL ; 1-0t . . 
CUPY *HO* '·' *CO* t.~ *X* tot = /F(T9Rl 
f:<OIN : f<Ow + RO 
VAL = .t:•J(RUI'<otOt) VAL + 1-lt /S(TQ) 
VAL = ol:":\j (ROWtCOLSI'E • t1.lll VAL + ilt /S<TYl 
COL = CUL + ClJ 

VAL.. .+ ~l~ . /S( .T4) ... _ 

TYR 

vAL ~ .Lt.(CULoiO~l 
VAL = .Gt<CUL + PC 
VAL = (V AL * tlOtl 

+ t2ll * WBLtROwSIZEl VAL • tlt /lT9l 
t TUP /(1>RETl 

• 
*CALC~LATE SUM UF AH~OLUfE UlFFERENCES HET~'~EEN CORkESPONOING 
* IN ALL PUSSIHLE:. ~4lk5 
P.HUXH\._ .C.UPY :::; _ Ut:SCR 

TlO 

VAL = :t(J:t 

BLA~K •kUwS* •COLS* •HOw* *COL• 
COPY *RO• t.:t *CO* t.:t *X* tot = /F'($NETl 
f:<UJI = RO~• + RU 

DIGITS 

- 2-19 - ·­
?.20 

--22-l----
222 

. 223---
224 
z.z.s. ----
226 
222--

228 
229-- . 
230 

---23.1---

an 
233 
234 
235 
23.6. .. --
237 
2-JS-:. 
239 
2.0 
241 
242 

243 
244 

.. 2.45 
246 
2-U --
248 I COL = COL • C(J 

. ------ --· ----- -CROW ;:; HOI'LS .. --·----- -- · --- - ---. --- ------ 2•9 
Tll CROw *Nt.XT* :t•1- = /F<Tl21 

T12 
- TLJ 

VAL ~ vAL + AHSVALIHUw • NEAT! /ITll} . 
CCOL = COLS 
CCCL *NlAT* to:t = /f(Tl-1 
VAL = VAL • A~SVAL(~OL - Nt.KTl I I Tl3l 

--·.L.r .._1 ... " -----"iicuO ..s_ __ ;;___.HW\5. HO.w.. .. i.J..1 _ _ ----- ___ .. ___ _ 
COLS = CULS CUL :toll /(Tlol 

--~-
• CHECKS TO SEE lF CHAR IS C()MPOUNO 

250 
. ... :. 251 .--

25,2 
25-J.----
254 

- - 255 
256 

_ .C..O.MPOU.l\10.. OESCR :t~C~ /SIT 151 2c.:5~7,____ 
VAL= tNO:t /I$RETl 258 

___ lL5_ _ ___ ___\J..AL _.;; __ HE.~_JLi.H.E...l.L __ - _ _ ------ - -·-·----- - -- ---- ----- - ------ -----25.9__ 

- ~*FUNC.TJOI\S 

• 
- ~ FUNCTIOI\ TRAITwT<TNtOXl aUUS U~ <= INC OR DEC) TO THE WEIGHT IN 
* CHTRAITS FO~ EACH TkAJT IN THE TN•TH TRAIT LIST 

___ I...L_ .. ----CO£Y. ._;: __ .1LltlBL-llil.._._ ----- ----------·-- ·- -- - - - ---· --·----------e2~6u;Q._____ 
TJA CUPY *TRAIT* :t(:t *VAL* ll)o:t: /FIRETURN) 261 

_ _____ _ ____ CtiTRioll TS TRAIT :t (~ *VUST* lll/11 = IF IT2l _ ---2.6.2--
VLIST :to:t VAL :t•:t *~T* :t,t = llo:t V~L :t•:t wT • OX -·- 263 

- •-- ___ --. I SLH.l F I.T 3) 
T2 
T3 

VLIST- = to:t 
VLIST = VLIST VAL ll•ll OX tot 
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o IF UPWEIG~TlNG, ALSO PUT VAL + 1 ON VLIST IF NOT ALREADY THERE 
--4---- ---+G.LlO~•-~- .L£_li4A.l. ---

oNUM(VAU IF!T4A) 
------- ---· JLU SL-*+~ ( 'ti.AL~~) ~- '1- 15 ( .I.4..A+---- ----­

VLIST = VLIST (VAL + '1-l'~-l ~-* INC t,t 
* R~AS$EM8L[ CHTRAITS 
T4A CHTRAITS = TRAIT '/-(~ VLlST '1-)/t CHTRAtTS /ITlAl 

266 . 
267 
268 
269 

______ _jt_ _______ ·-···-----·· -···- ·-··----·--·----····--------------------------------- - --

* RANTUPILISTl RtTURNS PLIST ~ITH A NEW RANDOMLY CHOSEN GRID POSITION 
---------- tJ~ilw.t:O-l.+- l NSEH TEO. tN _ QRUt:. ti_Qf_ ASCENDlbi.G---RO W-.NUMiiER~-.IHEN COLo N.UMu.B._E~R _ ___ _ 

RT POS = oRANFIGRIOSIZ£ 1 • t1* 
~ow = #lr# · 

fHl .LTtPOS,~UWSIZEl /S<RT2l 
----------- __ QQ1L ~L . .HlliL:t __ 'l- -1.-#_ ____ - -···-------

POS =PUS • RO wSIZl /(RTll 
---*--E-t+.T hJ.E-l'i - PART -LN- ORDEHElL.P....U..S-l-U-OJ..L. ULP-U SJ 

271 

273 
274 
275 

RT2 HLANK *LEFT* 276 
ll f3 ---t.--!-SL.JUUt.J.~I__,_*..,C""*---"#..a•.z::/._...-__._/-~'-F_..I_.,.R_._T~S-+l------------------4i4-74-7--

LEFT = .LT(H,HQW) LtFT ~ '~-•'~- C t,t /S(RT3l 278 
Lt.FI _;; .GT !RtROW) LU.LHQW l.._.t_.f>QS ~...-. fL ~a...L.C -~S-lRI41 279 

* RowS ARE SAME 
LEFT ;; oGT <C•POSl LtfT ROil 'E .. t . POS. t.,_~ IL~.__t.__c _~ __ /SJRT4J_____ 280 
Lt.FT = .LT!C,PUSl LtFT R t.t C t,t /S(RT3l 281 

-~*-~£A-I-L.---A--P..!lS.LLilloLA~ E A at 1 N r liP' K HAs ~ E E"l OU£,_1 ..... x .... c .... A .... r~E-~.~c-..e - --- - -
• TRY ANOTHER POSITiON 

-·-·- - --- ------LI-ST -= -L. €FT -R ~ • . L c at•#- 1.1-S-L .LtiU-l-- ---------------~---· · 
RT4 HANTuP =LEFT ~1ST /(RETuRN) 

-··- ---RT.~ ---- l<AN-TLI9 : . l..t:f.T ROW ~.'1- . .POS .h~- L tRETURN.)_ . ________ ________ _ 

_ _ ._aq~oos&-LU . ----·----·-- - - . 
~ CHOOSES ACCOR UJ NG TO ~ALUE ~ROHAHILITIES FROM T SUBLIST IN COPY OF 

282 
283 
294 

____ J!_ C~THA I-T-S . ---- -- --- ..... - - - -· --· -·- ---- -- .. - -- - ---·· -- ------ - - - ---
P~DRCH ~LANK *PL* *K* 285 

. ... .. iL G.E:T T LIST TO (; HOOSE VALUE FHOM _ .. --- ·-
COPfTHAITS T ~~.~ *LIST* ~l/t. = 286 

-----C.hl - ·--· --l....l.S.L .lt\1 ~- J_.._E__i! w.!! ... E.U.._;;;.._i.F __ tCI:i31.--- -----------·----------'-Z~Bo.7-1---
•LEI>'~•~Utl /S(CHll 288 
PL : PL V ~ •~ -------------- 269 
w = ~ - t!'l- 290 
K : K + ~lt . -···-·----·-· 291 
.~ Q iwtt Q 'I-) /F(CH2lSICHl) 292 
PRO~oJCHOOSE __ ;; • ~. 1..1 !K.t.~i.liLILL S..tRf,:TUR~---- -··- ·-- -------··--·------ ---2"9,_3.;)_.._-
w = .R~ NF(K) 294 
PL *PROt:iCHOOSI:.* ~.~ = /f(Ht;:TURNl ·- - ----- ---Z-9-5-----
~ = ~ - tit 296 
.EOI Wtf.Ot) /S(RETUK•~)F(CH4l --~-

* 
- - ~ HfTUimS Af:iSIJLU.lt: VALU E o.f . I\ .. 

A~SVAL ~ rl SVAL = oG[IKot O'I-) K IS<RETURN) 
Jlt!SVAL : t O ~ - K I (Ht. TUR I\l ) 

* TUPLF.OI:.SCR IT•Pl 
* GtNERnTFS TUPLI:. UE SCRIPTIO~ WIT H RANDO~ PARTS URUEREO AY ROWS 

298 
299 

- ___ _!) Af:LIITTVt 1\ Dlll'l f.SSE S -- - . --- -· - - - ··· --··-- ---·- ------·--·-- --··---­
* PUTS ld:i SU LUT I:. AlliJ RESS OF ~AST ~-'ART lN LASTPAfH 
Ul ~ LA NK *PLl ST* *DES* *PRtROw* *PRFCOL* 
*GET T R8 NOU ~ PA HTS INTO 1-'LlST! HA NTUP RETURNS OR DE RED PLIST) 
0 ~ PLISf = RANfUPIPLlS Tl 

I ; . ~ Tiftf.ltl T • ~lt I S IU2) 
* .CH i.I NGE THE AUS l) L!Jl E . A OD R I:.S ~ TV REI. AT I VE. liND BU.lLU .Ut::.ScR.-·-· -·-· ·-·· 
!)j PLIS T *R ilw * t.t *CUL-* t.,;t = /F(04) 

oL E (CO L + PtRO wSIZI:.l /Si o5l 
'li(tf< O.-i f. ; :; rh~l i>LEFT/ICOL + Sizl-. 1£rlt;!-: ll* *THIS/IROwSlZE • COLI* 
C ~S = liES RCH~ - PI-IE I<Ow ~.t COL - PRECOL i.t IHOWStZE .. COL. + 
(~' '< ~ * tH.lU l "1-i!r.,. TH i S ~-1ft. I (Q(,) 

<f; (tH th :t •-lOw ) ilrLI;.FT;I COL + SIZEII::f){;[))* *THIS!P* 
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JO.()___ 

3 0-l---
302 

303 
3.04-----· 
305 
306 -----

307 



I)/:) 

1)4 

CE S = D ~S ROW - PH~KUW ~.t COL - PRECOL 1.t PC + (12t * WBL) 
t~t THIS ;t-lt~ 

PREH\Jw = HOti 
PHECUL = CO~ /103) 
LASTPA RT = HOI'i ~.t COL 

308 

309 
310 --- ~ 
311 

TUPLEUE.SCR. : .DES_ L (!:<ETU.HNJ __ _ -------~ ----~----~-- --- -~---- - .>-3 ~12'-------

* LAf~l.iF.ST(TRl RETURNS TrlE L.~KGES! TRAIT VALUE LISTED FOR TR IN CHTRAITS 
LAHGEST CHTRA!TS TR tlo~ ~LiST~ tl1 

LIST *L* t-t ~~* 1tt : 
L. ARl LIST * N ~~T• ;t-;t *V~ t,t 2 /f(LAR2l 

_ _ __: - -~- --- __ -1..--• -- .t;_J tW~.X T tLJ .N.UL / .tl .. .o.HlJ . _ _ __ _____ ___ _ ---- ----~-- --- ------ ----~--
LAR2 LARGEST : L /(HETUH~ l 

___ .. 
*ROWORnERIPToLlSTl HlTUHNS LiST wiTH PT INSERTED ACCORDING TO 
* ASCf:":Nf)!I'.G HOw ~IU"1f1EHt THt:N COL. '~U_I'1t;ER 
HOw(JRIJf.H PT *Rf1w•• t,;t *COL* IFIHt.TURNl 

313 
314 ___ _ 
315 
316 
317 

31A 
~-------- ---- HL.ANtL *Lt.fi.il .. --- ---- -- --~-----~ --- ---- . -- ----- -------- -----------

R~ 3 I. IST *R* t,t *C* ;t,;t *X* t,;t : /FIRWS) 
Lt.FT = •LTIRtRO~l LEFT ~ 1.t C 1,;t X tt1 /SIRW3) 
LEFT: ,GT!RoH O t~l LEFT HOt~ t,1 COL ;t,;t CH 1,1 R t,t C 
1tt /SIR1'14l 

-- -- --·---------- ·--~311-'l9'---
320 
32.1- ---
322 

* ROWS ARE SA1>1E 
--- -·· ---·~- ... LE£.f __ ;:_ .. a.G.liCt.C.OLL-L.t::.E.LJiiDL __ ~_J.~COL.1 ... L .C.l:L hLJL-4-LC--.-t ... L..X __ 

R"' 4 
_R.-'15 .~--

ttt /S(R .'I 4) 
LEF[ = LEFT H ;t,;t C t.t J ~'t /IFWJL 
HOtiOROER : LEFT L.ISf /(HETUHNl 
ROwOR.DtR = LEfT _RQI'I t,;t C.OL t .• t . CH t,f. _ I (RtTU.RNl 

323 

------~3'-2 ... 4--
325 

- ---326.--~ 

_ _ i!__£UNCT t.OA .. SECS.U.l .. RU.UHNS ... ldE..- t>LUMBEJLO£_ S.£C-0Nt)S. _ I.N. .... UM.f.. -5.'1'-RlN.G--I• --- --~-----­
* OF FORM HHM~SS 
SEC T *H/~2~~ *M/i2~* *~/~2~* 

SECS: S • M * t60f. + H o ~3bOO~ /(RETURN) 
*_ FUN CTIO". PHI NT7 5 (Ct5)PRINIS OUT THE CHARACTERlZI:.R C AND ITS CONTENTS 
0 S I N Ll"ES OF NOT MORt:. THA~ 7S COL.UMNS 

32.1 .. 
328 

___ E..!:illlll.LS- .~ .. ..RS.l,t~b_'l~.!L.;:; _ ~f:.{.l )_-- ·-- ------·-----------~----
PRINr = ~ t C ~ = t S /!RETURN) 
PH}NT. ; f. ~ C ;t :; ' Sl -

·------- - - --.:31.4:2-"'9-
330 

---- PHL 
PRe S •Sl/t76t* = /S(PR3) 

-·-·- -------· .Pf:.lWT = ·' ~- S /!HEHJ.RNL _ 
PR3 PRINT = t ~ Sl /(PRe) 

·--·--~------------ - ---~- - ---~- --- -------~ · ·~--------· -- -· -·--·-- -----~-- ----------- -------- ---
* 5TURE LEARNING FOR THIS RUN 

____ KE.EP£ lLE S YSPPT :;_ EMEMORY==~. MEMORY 1$$;t 
SYSPPT = tN::;t N ~$$~ 

_ K :; ;t llt _ .. _ __ _ _ _ __ 
UPK SYSPPT : tCHARf. K ;t::;t $(1CHAR~ Kl 1$$~ 

______ ...,_YSPe.L;: __ HRL..!Lt!==L.~ . ..LUl:!~ _J.tL.tl~ lL ------~--------~--· 
K : ,LT(KtNl K + f.lt /SIUPK) 
SYSPPT =-~CrlT~A_l_LS==~ CJ:HH/\_US ~_$_$_~-------------- ­
SYSPPT = f.TOGEN==t lUGEN ~$$~ 

______ ____ __ SYS.PPJ_ = J~.:P .n_L _ 
END 

L.AT!ON COMPLETED AT 0~23 -4~ 
i.._J:IRlliiHA.M. .. _OC.C.UP l ES 2:1.15_ .W.OR.US 

----33.1--
332 
3-ll-
334 

335---~ 
336 
J.ll _ _ 
338 
339 
340 
341 
342 
343 
3H 

- ·--·-~- -· -- ---- -------

----·------------------

-- - ---~----- -----------
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Performance at Start of Run 
(No Characterizers in Memory) 

INITIAL ~,EMOfn 
___ .INP.UJ PATTERN _ 

0011111100 
---- ____ QOllll1lOO 

oo oolloooo 
---~~o_...o_..,,oll-U.uo.o_ --- ------ ·-· -----·- - -------­

oo votl oooo 
00\JOllOUOO 
00•) 011 0000 

. .. .. OOv0111iOO u . 
0011111100 

·· ··· - ---Q.U.l.ll-LLl QQ ___ _ _ 

FEEDHACK : I 
[T 15 UNKNOwN 
ME~tiGhTEO (HARACTE ~ IZEMS 
WOdULE-AOJUSTE O CHA RACTEHIZEHS 
NEW CHARACTtHilEH 

__ ... C.rtARJ.. . _;; __ 0:;.3.6. J. il().-1 t o .a -S.a J. 11 1l":". L!Il;;2~ i.5-t.L.E~./.I:IRLLL:;.9.o.lL __________ _ 
INPUT PATTERN 

ll OO OO Cull 
1l OOOO Ovll 
1 1 \) 0 0 () !l 0 1 l 
11 JO(l (I•J O t l 

---- -- -- . Lll U .lllll 
llllll1111 
tlOOOOOOll 
1lll000lllill 
ll UOOOOvll 
ll •J OOO llU 11 

. .. EE.EDBACK. =-h 
[ T I S lJ '~KNOwN 
HE~ElGHTEO CHARACTt HilEHS 
wOU HLE- AOJUSTEO CHA WACTEHIZ EHS 
NEW CHARACTEHilE~ 

CHAR2::: ll=2e \l el 11 l-l•~>•S•liiO-.l•/l= z i1He5•/P:/T:TR2/L=7.5/ 

----I-NFUJ lol4T-lt:><tol- -·-·· -·--- -·- --·-- - -------···- - -- --- - -·-- -------·----------------------
!)0111111 00 
!l 1 l 1 11 l l 1ll 
lllOOU •Jlll 
11 0 000 0 011 
1 1 1 . .1) 0 0 U I) 1 I 
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JliiiJOOOUll 

l i'.IOOOGUll 
1llOOOOlll 

- -·- G-l-llll ~ U 9 
OiJllllllOO 

FEEOHACK = 0 
JT IS H 
HE~klGHTEn (HAHACTtWllfH~ 

CHARi ~ D=3·6·l*O-l•b·-~•l~O-l•ll=z*U,5•2*1.~•/P=/T=TH1/L=q•l/ 
- ...... :(;h-AP£ - = D=2. O. 1* l •l• 5. ~. 1 * 0 ... 1 •/l:;2oo. !:> •<:!*1-4 ,4 ,;p:; 1 =H~21L=7, 5/._ .. - -·- -· -· ------ --­

~OHHLE-~OJUSTFO CHAkACit.HJztHs 
IJt:w C~AHACTfH T lEH 

CHAR3 = O=l·l•l*l-l•~•7•l*l-l•/l=~•U.5•/P:/T=TP31L=t.B/ 
lNI"IJT P.ITTtl<l\l 

Jlllll1lll 
---------W -l-.11 U l l l 

11 ;1 (1 0 (1 (' ()(\0 
1 1 Oil 0 0 (j (I 0 0 
llllllUOOC 
1lll11000ll 
11 ~ OOOUOC'L 

- ---- - --\-l.-4()(11) () (j () ( l 

lllllllJJJ 
- . - -- 1--l I I l 1 1 11 l 

FEE.I)fiACK = f 
- LT . lS. O. . 

HEWt::1GHTEn P1Ak~>CTE:..Hl/.E.flt.i 

---··- ....G.tiA.R~ . ::. . ll:.£. !l• 1 *l ~ l t ':J • S • l •u-Lt /1 ::2•t. • S~2.~0 • 4-•-~ -~.H • 4 'lP=.l t .:;: THZ/~7 o..SL-----· ------··--·--­
WO~~LE-AOJUSTtll CHARACTEHIZEHS 

-- Nf.cl'l CHAt~AC T E HIlt. H 
CHAH4 = U=o.7•l*J-l•3·-l•l*O-l•/l=z•E.,~t/P=IT=TH4/L=3•6/ 

lNP.ULPI•TTERN 
0 0 \) (Jl 1 c (J 0 0 

--- ·-- -- .O..O..U-1-lllUll u. 
OUllOOllO(l 
0 0 l 1- 0 0 1 l 0 (l 

0 11 0 0 0 (i 1 l (, 
·--- 0 ll-11 Llll {) 

OlllllllJO 
-----l..l..U.()£1.00.(11..1. ... ...... - --··-- - -- .... --- -- ·- --·--··--- ---- --·----· ----- -------- -- -····--· ··--------------·------- --·---

llvnouuull 
- -· --·--- llOIHlOOUll 

FEI::OUACK : A 
---ll=.- IS . UNKNOwN 
~E~EIGHTEn CHARACTEHlZE.HS 

~Qi;jf!lbF.:•AOJ 11 5TED -C#A-M-A-CTt:lii it:HS ----·------­
NEw CHARAClERIZER 

- - -CtiA.R.!:). =- D=u • 9 • 1 ~0-1 t b •-·1 •l4t 1-l• I l;:2*A.,..St ffl_;tT:TliS/ L_;;b• Bt .. -
TNfJUT PATTE!<N 

---- --e-i.t-0-H lH l o -
0001111100 

---41~~---·-·-·-· ----- --
00 0 0110000 

- ------- --0-U..O.().].l()..(l 0 ll 
OUi.JliOOOOO 

. ---~.0.0 ll.ll O(LO.O 0 
OOOllOUOOO 
0) ll.t..LQ-0-0-0-- ---·- --- ----·- ·· 
OlllllOOOO 

H:.t.OUA-CK : - I- . 
IT I 5 t-: 

- g.fWt.-1-G-H-l-€0-CHARAC fERlZtJ<5 . 

-----·-------------·-

CHAR4 = D=0.7•l*l-1•3··l·l*U-J•/la2*I•5•2*E.4~/P=/T=TR4/L=3•6/ 
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-------------------------------
WOHHLE-AOJUSTED CHAHACTEHIZEHS 

-~JiL~ClEB.ILER- -- --------------------
CHAR6 = D=J•O•l*0-1•6•7•l*O-l•/lD2*l•S•IP=/T=TR6/L=9o7/ 

OllOOOOllO 
-------OllMOJJ.UQ ------------ --------------------------------------

OllOOOOllO 
----- -- Ol-1400-()-UU­

OllOOOOllO 
OlllllllJO 
OllllllllO 

------ - 0.11.000 lll(L_ -------------- - ---------------------------------------------­
OllOOOlllO 

- -- -- .OU.().().(llll.(.L --­
FEEDBACK : H 

---1-l- IS A 
REWEIGHTED CHARACTEHIZERS 

_____ CHARJ__:__Il;;l-o-l .. J..4!.1-,.l-t.5_._7. l ~1~-hi.l=.z~i:i.._S tZ.W.o.S.a./.P..Y_T_;o_TRJLU&..SL .. ___________ --. 
CHAR4 = D=0.7ol*l-lo3,-l.l*O-l,/l=2*H,5t2*l,St2*Eo4t/PD/T=TR4/L•3,6/ 

____ CHARS : ... 0:0,9, l* 0- Lt 6 • ... 1. l.lt L-L._Lj :2~11.5' 2-*-A,A.._/P.:/l;JB5tL=lt.BL _____ _ 
WO~BLE-AOJUSTED CHAHACTERIZEHS . . 

_ .lli.EJIL C't<ARAC!.EJU.l.._., _ ___________________ ~-------------
CHAR7 = D=lo4ol*0-1•~•3·l*l-it/l=2*H•S•/P=/T=TR7/L=6.7/ 

__ lJ>!f'ULEATTERN---- ---·· ------------------ - - ----- ------- ------ --- ---·--- -----·----
OOllllHiOO 

________ OllOOOllOU 
OllOOOOllO 

--.u.O.ll{).O.M.lll-----------------------------·- ·- ------- --·---·------
0110000110 
OllOOOOllO 
0110000110 
OllOOOOllO 
OliOOOllOO 

------O.O.lULll0-1)_ _________ _________ ____ ---------------------------------- - ---
FEEDHACK : 0 
lL IS H 
REWEIGHTEO CHAHACTEHIZERS 

CHAR!::: 0=3•6•l*u-I•o•-S•l*\i-ltll=2*0•6•2*lo5t/P=/T=TR1/L;;.Q-to_J.L _____ ----------
CHARJ = D=l,l.l*l-1•~•7•l*l-io/l=2*H•4•2*0•6•/P=/T=TH3/L=6,S/ 

______ C.I:l AR~ _=--i)o:-0. .'l.L*_U. ... LtLb_..,_ L. L4!.l"' La Ll=2.~D .S.t~ t:i.,..4 .. ?-~A .~t-12At.l:..!BS.LI.-J::.b-..S.l----------
CHAR7 = D=lo4•l*O-lt5o3•l*l-l•/I=2*0•S•2*Ho4t/P=/T=TR7/L=6,7/ . 

WOlitiL[-AOJUSTEU CHAHACH .. H1LEHS ______________ _ 
NEW CHARACTERIZER 

CHAR [I : IJ=6 • B • 511CHAF<3-l • 0 • 0 • ~*CHARS-1 t3 ._-7 o.511CHAH 1-1 'Ll;;.~O o.S • ~$CHARl-t2*$CHA-___ _ 
R3t2*$C~AR5t/P=/T=TH8/L=9.1/ 

.... illP...ULf'AL!£EiN _ .. _____ --- _ ---------------------------------------
.OllllllllO • 
• Ullllllll Oo 
.OllOOOOU(lO • 
• o nocoooue • . 
olilll 1 l!UCUI)o 

______ ._u.LllLU.U.O CO._ ___ ------ -------------
.UlJ (l()(l(iOoO. 

-- • 0110000000 • 
• vllllllll\io 
·0111111 110· -

FEf:IJ8ACK = E 
- l-l'-- I.S---1-- - -- ----

REW~IGHTED (HARACTt~lZtHS 
CHAR4 = D=u.7•l*l-1•3·-J•l*u-J•/l=z•H.St2*l.4t2*E,St/P:/T:TR4/l=3•6/ 

WOHHLE- , nJUSTtO CHA RA(TEHIZ~HS 
NEw CHA RACTFHILEH 

CHAR9 = 0=6•4•4*ur.-J•3•-3•4*ll-l' n•2•4*ll-Jt/I=2*E•5t/P:/T:TR9/L=9o]l 
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INPUT P ATTE:.f<N 
- ,Q •) Q()l] 0(100· 
• 000{) 11 0(>(•0. 

------~-Y-(l..l- l.l -1 -{.().\h----- ... .. --·- --- - - -- ------- .... ··- ---- -- -----·- ·--·-·· ----- - -------
o0 0 110Cl()CG. 
,001100llCOo 
.O Olll1llOU, 
,OlllllllOOo 
.Oll00001l(J, 

_ _ · ___ .J Lnrul!LO UO .• .... 
• 11oooco1 1 o . 

_ .EE.I:.Ot!ACK ;; A. 
IT IS U III K~IO~><N 

_fl£W£l.GHT[.f) CHARACTI:.fHZE.RS _. 
WOb~LE-ADJUSTlO CHARACTE.HIZEHS 

--lll{:;JL._OiJIRA-C-ll-Rll£R. ---- .. - -·-· - --- ---·- · -- - - --- -- -- -- ·--- -· -- - ------------- ------ - - -
CHARlU = C=3·~•4* r o-1•2·-4•4*ll-1•4•l•4*00-l•lt=2*A•S•IP=IT=TRJOIL=Q•S/ 

INI:'UT PATTERN 
.oolllllloo. 
oOUlllllJC(.• 
•0 0001\UOOO• 

--- --· ---~Wl-0-1-1- O-{l..O .(,I ...... ------- --- --- - --- - ·- ------- -- - ----- - --- -

• 0 I) 0 c 1 I u (l 0 u • 
- ----·· -- --...0 ·)00 l \ U(l(i() ,_ -

.o :>ool I OOC\J• 
--- -- --+-Ov 00-1--lt'O(IO-o. - - --· . 

•O OllllllGli• 
• g Ul I llll (~---- - --- - ------- ------ ----- ----- -- -­

FEE.Ot!ACt~ = 
- --1-L lS - l::-----

INPUT P <~ TTERN 
--· ---- .. u c..o 0-n{)O-ll • 

ollOOOOOOll• 
----· -i-l-i-l \1-Q\1-004~~---------­

·11000!)0(111· 
-------.-l-l-1-1-ll-l--ll-l-- - - -- - ·-- --. -· .. -- ---- -- ··-- . -- ·-- -·- ... ---· -- -- --- --------------------------------------

ollllllllil· 
-- -----....-1--l-Q.OO C-C-{l.ll .•. --- ---­

ollOOOOO(Jllo 
olliHlO{)Il(lllo 
ollOOOOOOil• 

- F-E-EIJ!:!-A-G-1<:- :..-.- -- ------ -·· 
IT IS 0 

--l-I'>JE u.L-f'-A-+-4-€-1"-N-_ .. 
oO•JllllllOO• 
·"llllllllll• 
·1110000111· 

---•. };-l-~i)-~0~ 1- l • -· - - ··----- -·-- ---·· - --- ----- --·· - - ·- ----- ----- - -------·- ---- -------------
·1100000011· 

-------.-~(}Oi)-0-611- .- - -- - -----------. ------------------- ---------·- ··------ ------
·11000(1(;011• 
olll99(1(;Jlll• 
.0111111110· 

------.-G-{1--1-l -l- 1--l-HI 0. 
f' E[OI:lACK = 

-- - ----- ------------· ---------------·-··-----------------

----1-+--l-:S---€------~----------- . -- ------------------------··-----------------------------
INPUT PATTERN 

ollllllllllo 
ol1llllllll· 

- -------l--l-t}-9-0-G-0-0-0-1}-o-­
olloooooooo. 

-----..-1--l-H--l~~ • -· .. ------- -------------- --- -.. ------------- ------- - ----
ollllllOOOO• 
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·---------------- --- - - -- - ---- ·-------------------------
.uoooooooo. 

------ ,11000000-0-0.- ---. 
,1111111111. 
,llllllllll. 

FEEDBACK = 
--1-T---IS-_f___ _____ -- -

INPUT PIITTERN 
--------- .. o.uool-1-0.0IIo ._ _____ . 

• ooolllloou • 
. oo~~*+~----------------------------------------------------­
.o uuonuoo. 

---------0-l.-l .QO-U-0 11 0, 
,Oll111111U • 

. __ ._OJ.-ll-1llJ.lO • 
ollOOOOOOll• 

----- ---------------- ------ -----

---...UOOOOOO II, ----------------------------------------­
,110Cil1000ll• 

-___ f EE..DiiAC.IL_;;____ 
IT IS 0 
INPUT PA-TTERN 

.oo111111co. 
I 0 G 11 U.ll.{).U-a--_______ _ 
.oooc11001io • 

. • OOOOlluOCOo. 
o 0 I ) 0 (\ 1 ) (J 0 0 0 • 
• OUOOll<lOOU • 
.onoollocco. 

-----------. ~%0-l--J.-.{}G'-~ ----­
,O fl lll11100 • 
• OullllllOOo 

FEEDBACK : I 
lT.lS E 

. ·-·- · ----------- - - ------ --------------

kE.~tlGHTE.D ChAR~CTE~lZERS 
__ CHAB.4-.:_D;;4-o-J_._J._il_~~- l D~l-a.l-~0-"'l Ll. l~2iltt. 5• ~...S-t.+-* E., 4 t IP=tT:tR4/L,..!!.J_---6J' _____ __ _ 

CHAR9 = 0:6,4.4*0 C-lt3,•3o4*1l-ltQ,2,4illl-lo/I=2*1•5t2*E•4t/P=/T•TR9/L•9,3/ 
CHARS = 0=6 • 8 • 5*CHAR3-l t 0 • 0 • ~*CHARS-1•-3 • •1 • S*CHAR l .. lt/ h2~1 • 5 t 2*0 • 5 • 2.l!.S.CMAIH •------ -

2*$CHAR3t2ii~CHAR5t/P=/T=TR~/L=9.l/ -
WQtjbLE .. AOJUST£0 CHARACTER lZEHS ------- ---- _. _ 
NEw CHARACTERtZtR 

_____ .G.tiA.Rl- .l--_;;_- C-=5.._2._~~ yQ-1 t2• ~2 • 4.ii OO -Lt z_,_q, 3-!t-4~-1--/1=.2*..1._5 t..f.E_;;_!._I.;liRl-l-IL~9. .. 9L-----· ---
INPUT PATTEPf\1 

ollOOOOUOllo 
,llOOUOOOll. 
,llOOOCOCll • 
• 1100000011. 

--------- .1 n 1111 u 1 __ _ 
,llllllllll • 
• 1100000011, 
,1100000011 • 
• lloooooo 11. 
,ll 00000011, 

_____ f.£E..DU.AU -- =· -- -~ ------- ---- --- ------ -- -- -- - ··------ ------- ---- -- -- - --- -------------- -- - ·--·-·· ------------- ---
1 T IS 0 
REwEIGHTED CHARACTE.RlZtRS 

C~AR2 = 0=2•0•l*l-1•5•5•l*0-1•/I=2*E•5•2*0•3•2*H•S•IP=/T=TR21L=7•5/ 
CrlARl Q = c=3•8•4* 0 0-lt2,-4.4*ll-lt4ol,4°00-lt/I=2*tt•5t2*A~5J/P=/t~TR10/L~9o5/ _ 
CrlAR8: 0:6,8.5*CrlAR3-l•O.O.~*CHA~5-lt3.-7.S*CHAR1•lt/l:2*Ho5t2*1,5t2*0o4t2*$ 

_____ ___ ..CHAR l -• 2~-"-CHAR.ll.2~-$ C.HAH.!i.t I P_=_Lf_:;J.H a/ J..:. 9 o. l J __ _ -- _ -·- __________ --- . ------ ---- --- --------
WO~~LE-GOJUST£0 CHARACTERIZE~S . 
NE~ CHA ~ ACTERJZER 

CrlAR12 = C=7•5•7*CHAP2-1•2•-4•7*CHAR8-Jt0•4•8*CHARlO•lt/l=2*H•5t2*$CHAR2t2*$CH 
ARl 0 ,2*iChAR8•/P=/T=T~l2/L=9,5/ -

I~J PuT P1TTERN 
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.O 'JllllllGO • 
. --~ ~.-0..11 1 11 11 1 0 • 

• 1110000111. 
-----~l--l-G~00-001-l. --- ---- ----- ---- --- --·------~-------~ -------- -------- - - --

.llOOGOGOll. 
--------- - .-1-1-00 0 0 0~ 11 • 

• 1100C!OOOll. 
---~---~- -.-1-ll O() C 0 l 1..1 • 

.0111111110. 
- --- ..-()_Q_}_l.ll.J..l-0-0..---- - ------ . ----------- ------~------· -

FFEDBACt<: = 0 
.... -1--l-~S---I----- --

REWtlGHTED CHARACT~RlZtRS 
--CHA.Q4 ::. O:o • 7 •11) 1-1 t 3 • -1 •-l.lto-: l t I 1;2 .. 0 • 5 •2--I)H. !i._2:et lo 4 t 2-*E o4 e;P::/ T-:TR4/L;;_.J.._6'- -- - -­

CHAR9 = 0=6.~.4*0 (1 -lt3.-3.4°ll-ltO,Z.4*11-lt/I=2*0o5o2*I•4t2*E.4t/P=/T=TR9/L= 
----':19,.,~31----- - -·- -· · · ··-~·- ··-···- - -~------~·-· · ·~ ---- ---- --- -- - ----- - ·· 

CHARll : C:5.2.4* 00-1,2.-2.4*U0-1,2.9,3*0-1 1 /l:2*0•5,2*I.4,/P:;T:TR11/L=9o9/ 
______ C.tiAR 1-2 :;;_ C = 7 • 5 • 7*CHA ~2- I '2-• -<t • 7*(:HA88•1 t 0 • 4. 8*CHAR 1 0~1 i /l;o;;!*O o 5 t ~.H .,.5 t 2~S.CHAR2--­

t2*~CHAR10t2*~CHAH8t/~=/T=T~l2/L=9•5/ 
W.Q.Iitj.LE .. AOJUSTE::D CHAHACTERIZERS . 
NEW CHARACTERIZER 

CHAR)3 = -~3.6.._L~CrlAR!t_~l- t.b... .~!J:JiAR!j_~l_, _Q..._Q_._M_C!:iAeLC-L1.~0....s.2..*$CHAR4 e2*iCH 
AR9•?*$CHAHllt/~=/T=TR13/L=9o91 

-~i.LI_fi.UTERN .... ---~-. ----······· ------------- - ... --------··----·-··-··- ---- -------- ---- -
.llllllllll• 

---- --- l-Hll -1-ll -ll• -- - ---- - . 
• 1100000000· 

--~-..... -!-1-!-l~o .... o o.o.o.o.o.u....---------· 
.1111110000. 

------· .l-1--11110000 • 
• 1100000000. 

------·- -- .--l-1 0000000.1.1 • 
• 1111111111. 

---...l-l-l-1-Llll .Uo------~------------------ --- ---------
FEEDBACK = E 

~--I..!---lS- .0--- -· ---------- -·-· · ··------ ---·-·· ·----- ·---- -- .. ·------- -- . -------- -·- -----------, 
REwEIGH TEO CHARACTERlZERS 

--- - -CB.ARl-2· -= ni)::.7•S •7*CI1AR2"'l •-2 ··*·-1-*~A.kl:!-1-tO • 4-~*C.HAR l-0•-lt./l.:~Eo-S-•Vl0-..+~.5 • 2* 1 
SCH4P?t21)~CHARl n ,zo$C~AR8ti~=IT=TRl2/L=9•5/ 

CHAQ 13 = -C=-3-.0,.-7jtCJ::lA.H.4.--l- .. ~~3. J!t~HAR9...l-o.~.b. aoCHAQ.ll 1•1 I =2*f ~~ li!*$CHAR4 
•2*bCHAR9•2*$CHA~llt/P=/T=fR131L=9o9/ 

--- ~A{)JUSH~O CHAkACTlRl-ZEf<S -- -- -~--- -- ---~ -- ---- ----~--- ---~------------­
NEW CHARACTERIZER 

--~--C.t!.A.Q.l.~-- =--0-;;0. 0 ,5* 111•1' 1.9 .3..! l_..Lt6.~8 • 5.* lO.Q ... J,..t/1.;;.2-.*E..S.t...LP::.t.'ltlRULL=Z-o.lL-- - -­
INPUT PATTERN 

,ggOQllOOOO• 
o0'J01ll1000• 

---~H-0.(}-l.l-M-• ---- -----~ ---------------- ---·-- ------------------ --------- -----
·0011001100• 

-·- - •CI-H-GOG-G-llO-o------- --· -- - - ------------ -····----- ----------------------- -
•0111111110• 
oOHllllllr.l 
oll00000011• 

- - -- -.-l--1--GEHl &() (}-1-l- • · 

ollOOOOOOll• 
·-·--·- -----·---- ·-. - --·------~ ------- ----- - -

n:EoaAcK - A --------------------------~-----~----------- --------~-------------------
n rs H 
REwEJGHTEO CHAeACIFRIZ 

CHAR6 = 0=3•0•l*O•lt6o7oli)O•l•/I=z*A•5•2*I•S•IP•IT=TR61L=9.7/ 
----- CHAR 12-=-- Q-::.7o5o1-*CHAR2,.l t2 • "!'+ • 7*CH.Af<8,.l. t-O ,Jt...Sltc..HA-Rl.n....lt../.l.=~A ... 5.t2.ll&-.5.t..2-.~.Q....Ju.2JL. 

H,4•2*$CHAR2o2*$CHARlOt2*~~rlAR8,;Pa;T:TRl2/L:9 0 S/ 
INOtH~L E· AQ,JlJSJ-EU-CHABACT ER I 7 [KS__ ____________ --- ----~ ---~----~---------
NEW CHARACTERIZER 
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CHA~l5 = 0=2.u.S*OOl•ltl•2•5*llO•lt3•-l•S*lll•ltll•2*Ao5t/P•IT•TR15/~•6!1/ 
-----l-J\I.RUL .2.A.U£BN-.---- __ __ -------

,QiJOllllllO• 
,llnOlJI I I on. _ 
.0000011000· 

_ ____ ___._Q_O-{)Oll 0 0 0 0 • 
o0 J OOIJ01)00o 

-----+040-l-140 0-0-0-e-- - - -- - -- ---- -- -- - - -------- -- ------------·-
eOOOllOOOOOo 
• OilOll 11000\J• 
eOltlllOOOO• 

--------.0-ll-UlOOO-O-.. -- - -- ---- ­
FEEDB~Cr< = 1 

-- 1-1- 1~ - E- ---- ----- -­
~EWElGHTEO CHA~ACTE~IZERS 

CHAQ& - -~~~~7.l*O-I•'I=c•A.s·2*I•a•'c=tt=re&t~·~.7' 
CHA~13 = 0=3,6,7*CHA~4-1t6.-3,7*CHAR9~1t0,6,8*CHAR11•1t/l•2*l•St2*E,4t2*0,4t2* 

---- -- iCH.A.Q4--'--2*$CHAR9 • 2*$C.HAR ll.t.LE;LbT.Rl3./L.r9. 9-1- - -------- -- _ - ----
CHA~l2 : o=7,5.7*r.HAR2•1t2.•4,7*CHAR8•ltOe4.8*CHARlO•lt/1:2*l•St2*A,St2*E,4t2* 

0 • 4, 2*H, 4, 2*$CHAR2, 2*1iCHAfU 0, ~i$CH.ARa,tP=/T::TR12/L::9--. 51--- _____ _ -----
wOdrlLE-AOJUSTEO CHARACTERILERS -

_bt£1t_--DiARAC-IE-R-lL£.1L ____ _ 
- CHA~l6 = D=o.2.5* ~ 11-ltSo5,5* 0 00•lt2 •• S.S*Oll•ltll=2*I•S•IP•IT=TR16/~•7•2/ 

INPUT PATTERN ---- -------- --- ----- -------------- --- ----
,01lOOC0110• 

_,0110000110,_-
.0110000110. 

_______ _ _. 0-l-1 0-0-0-011 o .• 
.0110000110. 
t0111111ll0• 
.oltlll1111l• 
•0110001110• 
•OllOOOllllJ• 

-- - --- ---------------------- -------- ------ --- ------

-------0-l-~ 1-ll-Q-.---------- ---- - - - -- - --------- -
FEEDBACK = 1-1 

IT - IS 0 
REWtlGHTEO CHAR•CTE~IZERS 

CHAIH:: U=l•4•1*o•1•5•3•1*l•lt11'=2*U•4•&*H•- 5ti.P=IT~TIHL~,._7--'-- --- -- ---- --- -­
CHA~l3 = 0=3.6,7*CHAR4•lt6o•3,7*CHAH~-lt0,6,8*CHAR11•1t/l=2*H.St2*I,St2*E,4t2* 

---- ___ __ Q_._3.t 2~iCMAR4 t 2!t.$CttAR9 . _2.!t 'iC.l::UIR 1 L..L.P;;/_LtlJU3A.=9-. 9-L 
CHAR12: 0:7,5,7*CHAR2•lt2,-4,7*CHAR8-l,0,4,8liCHAR10-1t/1:2*l,St2*A,St2*E,4t2* 

0, 3 t ?*H• 5 t 2*liCHAFl2' 2* :t.l;nAR l u t 2*~CHAR8• /P=/hJR 12/~9__.___s_/__ ____ _____ _ _ ______ __________ _ 
wOBdLE-uDJU5TEO CHA kACTERilE~S 
NEW CHA !.l ACft.RIZER _______ -- --- -- - - -------

CHAR17 = D=S• O •~~ n l)l-l•O•~•S*o•l•1··8.B*l111•1•1•1•8*1000~1•1Ic2*Ho5t/P•/T=TR 
- ------l-1/~:.l--o - 2/ ____ ---- ------- -- ··· -·- --·---------- __ - --------- ------ -- -

1NPIJT PATTEHN 
•• uotll1HOO •• 
, , (j )10UC..ll00·• 
eo ll llOOOOllOoo 
oolll)OU00110•• 

____ _ ___ ._._u .} .. lOUOO-Ll(l._.___ _ _____________________________________ __ _ 
•• 011 0{' 00110·. 
•• U)!OllOOllO•• 
oo U]!OGOOllO•• 
oo () JJOOOliOO•• 
•• OOllllliOO•• 

_ _f£EUBA.C~ ;;; Q __ _ _ 
IT IS H 
REWEIGHTEn CHAKACTERIZER5 

CHA~7 = U =l•4•l~o-1•5•3•1*1•1•/l=2*0•S•2*H•4t/P=/T=TR71L=6,7/ 
CliAR14 = e=o. 0. 5* 111-1 t 1.~ .3~ 1·1 '6,•H,5~100-1 tll~*0,5t2~E,S~/P_:a/T;;_TR14/L.a_7.._1/ -- -
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CHAR13: D=3.6,7~CrlAR4-!o6.-J.7~CHAR9-1,0.6,8~CHA~ll-lt/l=2*Ho4t2*lo5t2*E,4t2* 
--- 0 o-4' 2*$CHAR4 t 2* i;CHLIR9 • c* :t>C!iAR ll e/P:/ T:lR l--3/L=-9 e--9/ - - -- ----------- -- --- ------------ -
CHA~l2: c=7.~o7*CHAK2-lt2o•~.7*CHAkd-l•0,4.~*CHA~lO-ltll=2*lo5t2*Ao5t2°Eo4t2* 

_ _ _____ Q.Ju+.!.!J':4_4~2!!.$.C.t:iA.H2 L2il'ii.CtlAH1iJ.-2!.:i>Ci:iAR8..t-l£;_.L!:_T-fUZ/L.;._<h_SL ____ __ _ 
WO~HLE-QDJUSTED CHAKACTERIZEHS 

__ t-i(.W CH-ARACTER1Z£H _____________ _ 
CHAR18 = C=}.9.5~ u -l•l••3.8~ U ll0-1•3•0•8~0ll0-1•2o-6o~*Ollo-l•/l=2~0o5tiP=IT=T 

----- - . Rl-8/6_;7, 0/ ------------- -
INPUT PATTEPN 

--·--- -·-U--l-1-U-1--1.1-l ()_.._._ __ -- -
oo!.J]ll11lll0oo 

--------+-•-V l-1 0 0 0 0 0 0 0 • • 
.. 0}]0(1(;0000 .. 

------ •• 0-l--ll-1 (; 0 000 ... 
•• Ollllu<iOOO•• 

----•{}-1-+~0~GGu----- - - - ------·----- - ·- ·-------------- ·- - - - ·---- -------·- ------- -----
••UlJO<i!iOOOO•• 

- ------ · --<>-1 } 1 } 1 } 1 1 0 •• 
oo&) llll11110•• 

~-€-UlHACi! = E -
IT IS H 
~EWE' I GH fE D --Ci:i.A.RACTf..tUl.£RS .~------- ------ --------------------

CHAR14 = C=0•0•5*tl1-1•1•~•3*1-1'6•·~.~*100-1t/1=2*0,S•2*E,6t/P=/T=TR141L•7•1/ 

CfiAR17 = C=SoUoH* O lll-l•U·~•~*O•l•1··~.8~llll•ltl,l.8*l000•1•11=2*Eo5t2*Ho4•/P 
----- -=-IT--=-TR1-7tL-=7•2/ ---·-- - --- --------- ---- --------- - -------- ---------

CHA~13: C:3,6,7*CHAR4•lob,-J,7*CHAR9-1t0,6,8*CHAR11-1t/l:2*H,3t2*l,St2*E,5•2* 
0 o 4 • z*iC.t!AR4-.Lclt.lCHA.k9.t.2il'i.CliAR1l..t..L~LJ__;;_lR.l..J.l!...-=9...-qL ____________ _ 

WO~bLE•ADJUST£0 CHA9ACTERIZEHS 
__ NLL CHAHI\ClEH1ZER _ _ __ _ _ __ . __ ____ ____ __ _ 

CHAR19 = D=7ololO*CHARl4•l•O•lolO*CHAR17-lt?o7olO*CHARl3-1tll•2*E.5t2*$CHAR14t 
_______ 2._o_iCHAR 1 h2!1!iCHi1Rl3 • tP=/l;::JJ-H 91L=9 ~91 ____ . _ ___ _ ____ _ _ _ 

li'JPlJT PATTEFHJ 
---~M-C..~Ma_..._ ____ _ ------ --- ----------

... JQO(•lJ 0(;00•• 
---·- ----··-·-- .... (.).{1.0 Lll 1 0 () (l •• 

• • .-, 0 11 u 0 1 0 u (i •• 
---- -- ---- •• (! 0 1- 1 t-li-1 l 0 0 •• 

·• 0011111100·· 
----~J.-+-.l--1--l Q.G •+- - . -- -- -- - --·:----------

ot ll}1!!(100110•• 
·-- -- --o •11 0000011 (lot 

• ·11. 00(!0('110 •• 
- r.:-E-E-OB/1-GK =-A---

IT IS A 
ll\iPIIT P4TTfRt• 

ot000lllll10•• 
----------.-t-{f{f-0 1-l-l -) 1-00 •• -

••00000110()0•• 
------- .-o-t)-fl-{)-{1 H -0000 •-• 

t o(I000J100l10o o 
----•••-'fY~{I-4-'P ll (l (I (l CJ~-- -­

oo iJ OOllCOOOOoo 
·-----_..__. 0.0-0 1 HlO 0 0 0 • • 

oo01lll1000C•• 
______ · _._. .o_u 1110000 • • 

FEE.DBACr< = 
_ .....LT IS I 

INPUT PATTERN 
--- -------- --- O..l--1 oc 0-0 11 0 •• 

••Oll0000110•• 
------~~(J-{}1-l--G ··­

••0110000110•• 
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•• 0110000110 •• 
--- -.-.-V-l-lll-ll-l-14-.--o- - - -- --------·­

oo0lll111110ot 
•• ~•110001110 .. 
.. oiiOOC1110 •• 

- -......-o..l-1-0-0.V.U 10 .. -o-- - ---- - -- - - --- - - ---------- -·--· -·--------· 
FEEDBACI( = 

---1-l- l 5-E----------. 
INPUT PATTERN 

•• 0 110001100•• 
··--- o-e-0-l-l OOOOl-1 0 ... _ ·- ---- - -- · - - - - - ----------------------·---- - -- ---- ---- ----·---- - ----·--

•••JllOUO()llO•• 
·t-•-'Ll-l0ll0{)110·. 
• • 0 110l•00110•• 
, • 0 l -Ul-C-0-0l LU.&...L-- ­
ttUllOOOOllO•• 

·-- ----- ·-"-0-l-l 0.().0.1 1 () 0 •• 
oo()OllllllOO•• 

··- fEEDBACI'(._:: 
IT J S E 
INPUT PATTEHN 

•• o lll11lllO·· 
·· •• Olllllll1C.•• 

• • 0 110 00 0000•. 
t -•-•Jl l(l (I 0 0 0 (J 0 • • 
••Ollllooooo .. 

_______ __ .._.. vl- 1-l-l OvOOO • ·• 
•• OllOU OOOUO•• 
• o ll JlOOl.IOO OO• • 
•••.1 111111110•• 
·· 0 111111110•• 

FEEUBACK = 
----.1-LlS .... E - - ····- ·- - --- - ------- -- - -· 

INPUT P ATTERN 
.. u C001lOOUO• • 
oo t.l0 00110000•• 
oo U001lll000tt 
•• !) 0 11 0 () 1 0 0 0 •• 
ullO.llC UllOliu . 
oo lif\}})}J) (J Ooo 
.. ll lllllll OO•• 
•• l•llOO uO llO•• 
··1100000110·· 
••llO O(jO OllO•• 

.. .... fEEiUl.ACK __ .::._ -
IT I S A 
IN!-'U T Pi\ TT~RN 

•• OOll11ll 00•• 
•• ll Olllll1UO•• 
• • iJ 0 (l 0 l I 0 0 0 0 • • 

·-·. 1100-l~ ll 0000• .. 
• • tJO OO 11 COOO • • 
•• I) (\ 0 0 I l () (Ill 0 •• 
• • v 0 0 0 1 l G 0 tJ 0 • • 
• • •J 0 I) Ul I 0 0 ~ 0 • • 
oo tt01lllll i.t 0•• 

·· oo ll Oll -llll00• • 
FEE U tlAC~ = I 
IT IS I 
li~F'Ul P tqTE.R~~ 

oolJ O(JQ (I(jtlloo 
o•ll OOC (JOOll•• 

-----·-- -- --· -------------- ---·-- - --
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,,lJOOu(lOOll,, 
,,llOO(IOCOll,, 
.. llllllllll,. 

-·-·-- rrl-111 ~ 1 \..ll l. • 0 

•• 1 l 0 0 0 l1 0 ( l 1 1 •• 
•• 11000()0011 •• 
,.llOOllli OOll,, 
•• 11 (l{l0\)(1(; 11 •• 

F Ell l8 ACK : 1-
-----ll - LS.. 0 --- . 

REWtlGHfED CHARACfEkJZEHS 
CHA~3 = O=l•l•l~J-l•~•7ol~l-J•/l=z~H.S•2~0.~t/R=CHARAtiT~TR31LcbaR/ 
CHAR12 = C=7,5,7~CHAR2-lo2,-•,7~CHARH-lt0,4,8*CHARlD-lt/l:?~I.5t2*A,5t2*[,4t2~ 

0,3•?*H,5o2~$CHA~2t2~1CHAHl U t2~$CHARbt/P=/T:TR12/L:9o5/ -~ ~--
CHAR19: C:7olo10~CHARl~-ltO•l,lti•CHARl7-lt2o7olC~CHAHlJ-1,/I22*H•5t2*Eo5,2~SC 

---· -... -!-41-R l-4+2 t! 1iC hARl 7 •-2* $CHAHl ~·I 1-'.:o /t.: IH l Q/L. :Q.,.Q I - -·-- .. - ------- ·-- ·- -----
WQ~~LE-QOJUSTED CHAk~CTERILEHS -
NE~ CHARACTtRIZ~R 

CHAR2 0 = 0=1•8o6~Il-l•~·-S•b* u OOO-lt3,-J,R~0000-1•1•7•5~1-1•1I=2~Ho5t/P•/T•TRz 
0/L=7o'1/ 

INPuT PATTERN 
------~.l-1-l-l.lU(l,, ... .. 

oo l) llllllllOoo 
·- --- . ... 1-11 0 (l 00) ll·. 

··11.0(1(·0('011·• 
·- - ••lJ-OOOvOOll•• 

oollOOOOOLlloo 
-----'-+ • H-tlG-G-0{1-{~-llo.• - · - --

oolllOOOOlll" 
--------- •-• !t-1·1-l- 1-l- Ill 0 • • 

o• OOllllllOO .. 
-· -fEEO.bACK = 0 

IT IS H 
---B..EAf-l.G!iiEO. .. Cl:tARACTI:JUZERS.. ____________________________ ·---·-- - --------

CHAR~ o = C=1•~.6~11-1•2·-5·~~uouo-I•3·-1·8~oooo-1•1·7·S~l-1•/1=2*0.s•2~H.4•1P= 
/ . .T..;:TR20/1..=7•9/ ·- --- -- ··· · ----------

CHARI~= C=7,5,7~CHAR?.-lo2,-*,7*~HAR8-lt0,4,8~CHA~l0-lt/l=2~1,5t2*A,St2*E,4t2* 
-·- 0,4•?~H • .tu2*$CHA"2•2~'J)CHAHlut2.!:bCHAR8.t/P;:/T:T.Rl2/L;;9aSI. .. - ------ __ ----- ···-·· ·-·-·----
CHAR19 = 0 =7,1,10~CHAH14-lt0ol,l0*CHAR17-lt?.,7.l0*CHAR13-l,/l•?.*0,5t2*Ho4t2*E• 

_____ s..,.zjl$CHA.Hl.4.t-2Jt $.C!:!ARU t-2jt1C.ttAR l.J....~.I :..1R.L9.t.L:.9...9./ .. ----··--------·- ·· -----------
~OHBLE-ADJ~STtD CHAHAClERILE~S . 

----- INPU~ PATTERN .. . 
oolllllllllloo 
•• l 11 1-l 1 11 11 • -• 
• • 1 l 0 0 (, 0 (J (l 0 0 •• 

- --- -- --1-l-O.{i..ij..O.o.aQO.L-- -------------- ---- ··-- ·-----·-- ·-- ---------· 
oollllll0(!00•• 

- --- -·· • •-1-l H 110000• • 
••lJ.(JIJCL(,(:OO•• 

-------- • •-l-l fl e&O(J <, o (.1• • 

oOlllllllllloo 
----4-l--H-1-+l-l--l-l•------ ----------- - ------ ·-

FEEO"ACK = E 
--1-+-IS--0.. -. 

REwEIGHTFD CHARACTERIZEHS 
____ <.;.tfAR2o --=- r;;: 1. a. o* 11-1-t 2 .... s. ~~l)oou ... l..t3.-l. a~oooo--1 -• 1.1. S.!t.l--1•' I.~E.s..Vt0 ... 4 ·~-­

.4•1P=IT=TR20/L=7•9/ 
CHAH I 2 = h1 .• 5. 7~CHAH2. .. .LL2. _ ... 7~~HARI:!-l.t...O..-it. 8~CHARL!l...l.t..i I -2* I. 5·2•A. 5' 2*E I 5' ?* 

0,3•?.~H.4t2*$CHAR2•2~~CHAHl 0 •2*$CHAR8,/P=/T=TRl2/L=9o5/ 
CHMll 9. -=- G=- 7 • 1 o 1 O*CHAR 14-l t 0 • 1 o lO*CHAR 17-1 t 2, 7,1 O*CHAR 13"'-lt I lll?..4!0. .. 4 t 2.*-H.e 4. t-2.~&:.----

6, 2*$CHI>R 14 t 2~$CHAR 17 o 2ii$01AR 13 t/P=/T:TR l.9/Lc9, 9/ 
- .w.O~LE-"'-ADJUS TEO CHARACTER llE.RS 

INPUT PATT.ERN 
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ooo0000110000ooo 
------.---0 0" llll.O..O..O.....-­

; •• oo11001100 ••• 

• • • 011000011 o ••• 
------.-.-. 0 1 I 1 l.lll.LO. ....... 

••• o11Illlllo ••• 
----------------···-· 

. ,.......1-l.(Ul.O..O.O.O..l.L •.•. o- ------------ ­

,,.1100000011.,, 

FEf:.Uf:IACK = A 
. IT 1~-------

INPUT PATTERN 
--- -.......o-o-O..U-1-l.ll 0 ... ..__ ----­

•••0001111100••• 
•••OOOClOllOOO••• 

- - -----··--·-- ··---

•••OOOUllOOOO••• 
------- ·-~l-l-0.000 O-•-•·--------------·-----------·-------------·-------- ·----

···OOOllOOOOOooo 
. , • ... oo Cll..l().{).OOO • • •---­
•••00011000~0 ••• 
,.,o]I]JJOOOO ••• 
••• olllllOOODooo 

_ Ef!::DBACK __ ;_J __________ _ ·---------- --------------·---------------~ ___ _ 
IT IS E 

_ RDJE.lGJ:LtED .. .CJ:illRACIEB I Z.ERS_______ __ _ ______ . ---·------ __ __ -------···-------- __ _ 
CHAR6 = D=3.0ol*O•lt6o7ol*O•lt/lc2*Ao5t2*Io7t/P=/T•TR6/L•9,7/ 
CHAR 1 b.__:_.Q..;_(l..2...~ll.!!.h5.o.5.• S*U nO~tZ.• ·5. 5*0 11•1 t I I ;a?o I • 6 • tpal h TR 16tL• 7 • 21 
CHAR20 = D=\.8,6*ll•lt2o•Soij*OOOO•lt3,•lo8*0000•ltlo7oS*l•1•1I•2*Io5•2*E,4,2*0 

· ___ . .. 4.t.2itH., 4, /P=!/ T;:.TH2 0/L;:! .lo ~~--· .. .... . --------- __ . . .. -··-··- __ ____ ______ _ ______ . __ 
CHAR12: D:7,5,7*CHAR2-1•2,•~o7*~HAR8w1•0,4,8*CHARlO·l•ll:2*1,6t2*A,S,2*E,4•2* 
-. 0, 3t2ltH o!+ • 2*'liCH.AH2.t 2*.liCI"iAH lO • 2~.'li.CHAR8 •.!~:;:./ !JLTR l2-LL;:9 • SL . . . . .. ----· _ ----------------·-­
CHARlQ : c=7,l.l0*CHARl4•ltOol,ld•cHAR17·lt2,7,l0*CHARl3•1,/l•2*1oS,2*0•4•2*Ho 

_ _ __ --L,2.!Eo 5. 2<1:1iCHAHl.L.2.~i.CJ:iARLlo z•$cHAR 13 I IP: IT=TR 19/L:9. 91 
~QH~LE•AOJUSTtO CHARACTERIZERS 
-INP-UT PA-Trf:"N- -

,,,OllOOOPllO••• 
-• • o.Oli.OOOOll 0• • • .. 
•••OllOOOUllC••• 

____ __._._, 0-ll-H {g) 0 ll Q.o • •------- - · -------· 
•••OllO~OOllU••• 
•••Ollllll\10••• 
oooiJllllllllOooo 
•••OllOOOlllO••• 
•••01lCOOlllOooo 

---------~..14.0.0-l-1-l {) ........... - ... ----. -·---·---- ···- ·-··-- ·--··· 
FEE:O~ACK = t-1 
lLlS H 
INPUT PATTERN 

___ _. • ... UOlllll 0 0 0 • u 

oooOllOOOI lOOo .. 
____ __._ a.o.!ll Lu.O.G11111Lt.......__ ·-··-- __________ ··----· __ _ 

•••OllUOOOllO••• 
•••OllOOOUllO••• 
•••OllOOOOllO••• 
•••Oll00QUll~••o. 

• • • 0 11 ' I 0 0 1J 11 0 • • • 
------- 0-0 - "-I}l-l~Q4-ll-O(}.a .a . .._ _____________________ ____ _ _ __ _ ________ _ ______ _ 

•••0011111 lOU••• 
-- FEE.OBACK : 0 

IT t ~ I 
UEW~lGHTED CHARACTEHllERS . 

CHAR7 = 0=1•4•l*o•l•5•3•l~l-l•II=2*0•6•2~H•4t/P=/T=TR71L=6o71 
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CHAR2 0 : O =l.~.b~ll-lt2.-S.b*U000•l•l,-l,A~OOOO•ltlo7o5~1-1t/lz2~[,4t2*E,4o2*0 
--- o5t2~H.I+o/P=/T=ff-l20/L;;7,~/ --- ---
CHAR19: 0:7ololO~CHAR14-ltOol,l(I~CHAR17-lt2o7 0 lOttCHARl3•lt/l=2*1;4,2ttOo5o2*Ho 

------ --4~~ .. 5• 2iti>CHARl4 o.2lt$CHARW t ~tt.:iiCl:!AH--}~l-•.lP-•tl'=--+Rl91L=9•.Q.L ___ ----- --
CHAR12 = D=7.5.7~C~AR2-l•2.-•,7*~HARH•lo0,4,8*CHAR10-lt/l=2*lo5t2*A 0 5t?*Eo4t2* 

-~ O,~t2*H.4o2~~CH~H2t2*,CHMHlUo2~iCHAR8t/P=/T:TR12/L=~o5/ 
I'IOHBLE-1\f)JUS TEll CHARACTf.H! lE.HS -
INPUT Pll.TTt.f.lrJ 

, •• lillllllllO••• 
------- .-. a.Ol-1 llllll-0-. • ­

•••OllollOfJOOO••• 
· -· • 0 1 j \) 0 0 u 0 0 () ••• 
• .. OllllOUOOO• •• 
.. •011110 ()000• •• 
•• •l)llfliJOOOi>O• •• 

- --- -.-.--.G-l--l-44 IHi 0 IHI ._ ___ - -------------------- --------------- ---
•••OllllllllO• .. 

-- - ------- - .... I) 11 l l 1 1 1 1 0 ••• 
FH;DBACK = E 

-- IT IS --0 
REWEIGHTEO CHARACTERIZERS 

------- ----

CnARGil _ _:__Q_:;q_._8~().~-l-_.,~_t1~0.~l--'-3-~-l-._a-~{l-4}(}4}~-~-1-~~LL~~~-foS•Z*O 
o4t2*Ho4t/~=/T=rR20/L=7o~/ -

____ __ CJ-iAIH-'L : 0:7,1,1 Oit.CHARl4. ... lt 0 ,1,1 OltCl"IAR 11--l, 2.-1, l Ott.CHAR l-J.._l-,_tla.2Jt.lr4 ,v.a_.__. ._2m.-__ 
4t2*E•6•2*$CHARt4•2*$CHARl7•2*~CHAR13•/P=/TzTR19/L=9o9/ -

---lliOJ:iB~AI)JUSl~:(). CHA l~ACUJ-U-lERS _ -- -- ------ -- --- _ ---- ---- ---- -------------- ---------- ----------­
lN~UT P.4TTERN 

••• 04-04-1-l-(l-0-0-0--a-..__. ______ ----------
···000011U000••• 

----- 0-0 e-0().0..111-l 000 0. "- ------ ------ -- --- - ---- - ------ - ------- -- -- ------­

.. ·0011001000··· 
-------- - o • • 00 ll 0 0-11 00• • ._ - - - ----------- ------- --- ---­

oo•OOllll1100••• 
___ _.,__._,__._.~(ll-U-l-l-llO-'l.a.o.--L- --------------­

•••Oll!J0()01lO••• 
---- - ·· -~-1-100000110· • .__ __ ---- -- -- -----------

... l\00000110··· 
--4-E-0~ -- = - A- -- -- --

IT IS E 
RE wE I G HI EO C t:lA.HAC.lEHllERS_ __ _ 

-------------

C1'1AR15 = 0=2•0•5* !l Ol•l•l•2•5 .. 110•1•3••1•5 41 1tl•ltii"'2 41 Ao6t/p•/T=TR15/L•6•ll 
---C~lA-Rl-2-- : ---~;-:2, 5 • LI!CHA-R~LL2o -"'--'t •. 2.41CM-A-Rij-!o-l-•--O-.Jt. &*G~A~l.o__.__u_t 1-=~~I.S-tb-A-. 6 o 2*E o 3 • 2* 

0
0
4t2*H,4 9 241$CH4R2t2*$C1'1ARio,2i$CHAR8,;Pz;TzTR12/L:9,5/ 

-----CJ:i~-- ----- - t--;'-7 • l• 1-:o.!tC-t:tARl-C-l-'-C--• 1--._l- O.ltC-HAR-l-z_,.+-t2•-1.-l-~CHA-Rl-l---<!-~../ l-Ia~~2--~ 2*0o 
4t2*H.4o2*£.5•2*SCHAR14o2*$CtiAR17t2o$CHAR13t/P•/T=TR191L~q,9/ 

I!IQHHLE AQJIISTED CHAfiACTE - . -

INPUT PATTERN 
o-o--o-U()--0-l--H -l:-1-l o-• U --------- -------- ------- --------- - - -- ------------------------- ----

oo•0001111100oo• 
----~e-&1-l o-oe-•• • ------- - ------------ ----- ------ ----­

•••ooootloooo ... 
• o • e 96911 iHl99 .. • - ----------------------------------­
•••ooollooooo ... 

---------•+•-{) G-U-l--l-<1 Q 0 0-0 • • o -

•••0001100000••• 
- --- ------ -- ----- ---------- --------------------------------

------ ~1---1---l--l- l-00.00· 0 - 0-- -- ------- - - -- ------------------------------------------------

oo•OlllllOOOO··· 
EEfDBACK -
IT IS 1 

- ~NPU---LPA--TTUl-N-- - --
• .. 0110000110 ... 

-----------o-++-(H-l-G-G-{llf-1---1-0 • ..,. ___ - -------------- ----------------- - -- ----- --------------- --- ---- - --

···0110000110··· 
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-------- -------

•••OllOOOOllO••• 
---· -- --.-.- .. O-l-10 0-.0--0-ll 0 • .-.. 

••• o11111111o ••• 

--------- ---------------- - -----

------ -------- --

•• olllllllLQ.~.-----------------------------------------------­
••• ollooolllo ••• 

--- - - - --••• Oll.Oo..n Ll.lo •.• •-- _ 
, •• OllOOOlllO ••• 

--EEt:DBACK '"- --- . _ 
IT IS 0 
INPUT PATTERN 

••• 001111lQOOoo• 
------ - .__._. 0 llli 0 0 ll 00 ••• 

• • • 011 00(10110· •• 
- • ._ • 0 ll 0 0 QO ll 0 o • o 

•••OllOOOOllO••• ___ ___._.........nll.D..Q..OJllLO . .._._._ _____________ _ __________________________________ _ 

···0110000110··· 
o.e.--tl-11~000 l.l 0 • • • 
···01101101100··· 
•••OOllllllOO••• 

FEt:OI:lACK = 
--U IS 0 

INPUT PATTERN 
••·0111111110••~ 
•••Ollllll11Uoo• 
•••0110000000••• 
•••0110000000··· 

------ ------- •••Olll-10-0COO .. ••-- - -- ----- -- ·· -- -- - ----------------­
•••0111100000••• 
•••0110000000••• 
···0110000000··· 
•••01lllllllO••• 
•••01\llllllO••• 

-- - E-EEO~A-CK-..; __ -­
IT IS E 
IN~iJT PJ\TTERt~ 

••• ooo c 11ouoo ••• 
... oou ullOuoo ••• 
•••0001111000•·· 
~··OOllO~lOOOo•• 
···0011001100··· 
···0011111100··· 
•••OlllllllOO••• 
•••OliOOOOllO••• 
•••ll 000(lllll 0 ••• 

·-- -- ---- ···-ll .(l (I\).01Jll0• ... 
FEtiJBACK = 
IT rs A 
INPUT PATTERN 

. • • • :-ENO • •• 
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Memory After Given Feedback 
for 134 Instances 

lNlllAL MEMORY 
CHARI z D=z.~.l~l•ltOolol~l·2•3•"l•l~l•lt/l=2*Ao4t2~1•3•3*T•7t/PaCHAR3t/ 
- T=T~l/L:5,4/ .. . . . . 
~HAR2 : D:O,Ool~0-2tOo9ol~O-~t/l=2°S~4t2*Ao4t2*0o5t~~l,3t3*!••lt/P:CHAAl 

OtCr~AR3t/T=TR2/L=Oo9/ . 
CHARJ = D=*CHAR2•5t~CHAH1•4tll:2*So4t2*A,4t2*0,5e7*1,6,S*T,4t6*5CHARle7* 

5CHAR2t/P:CHAR1 0t/T=TH3/L:5,4/ . 
CHAR4 = 0:3,6ol~O-lt6.;5,l*l•lt/1=2*S,6t2*E.3t2*Ho5t/P:CHAR19tCHAR6t/T=T 
.. R41L=9ol/ . . . . -

. CHARS . : . D:2,0.l!tl .. lt0,5,l*.O~lt/l=2*.So6t2*E,3t2-*0•5tiP;;t'HARl'hCHAR6e/hTR . 
. 5/L=2,5/ . . ~ 

C~AR6 : 0:2,5o5*CHAR5•lt7o•4o5*CHAR~•lt/I:2*0•3•2*H•7•2~5.2•2*E•6•2*5CHA 
- A4t2o$CHARS,/P:CHAR16,CHAHi o,Jf:TR6/L=9,1/ . 
CHAR7 = 0:4o5o3~Q n l•lt4oZoJ*Oll•lt/l=2*A,6t/P•IT•TR7/L:8o7/ 
CHARS = D=3,6.3*0 ~ 0•lt3,-2;J*OOO•l•ll=~*Eo5t2*S•5;/P•cHARllt/~aTR8/L•6,4 I . . . . -

CriAR9 : D:0,0.2~ll•l•5•1•2~li•ltii=2*E,St2*Ho5t/P=CHARll•IT•TR9/L=5,1/ 
CHARlo = O=o.Y.5oCHAR2~l,So•~.So~HARJ•lo4o•J,So~HAR~•l,/1=2*£•St2*0•4•2*5 

CHA~z•2~5CHAAJ•2~SCHAR6t/P=CHAH11•/T:!Rl0/L•9•1/ . 
CHARll : 0:5,1,5oCHAR9•ltl,J,SoCHAR8•lt3,.3,6oCHARlO•l,/l:2~0,6t2*H,5e2*l 
- •2•2~To5t2~S.St2*A•2•2*E~4jz~itHAH8t2*SCHAR9e2*5C~AR10•IP~CHARt6•/T=TRt 

1/L=q~l/ . -
CHAR12 : 0:6,4,6*llll•lo2,5,J•l•itl,•8,6•lOOO•lt/la2oH 5t2oA,S 9 /Pa/T=TRl2 
. /L:Q,}/ -- - . • 

CHAR13 = o=Oolo6*llll•lt5o5•o*llll•lt2o2,4*ll•lt/1•2*U,5•2*So6t/P=/T=TR13 
- 11..=1,81 . 
CHAR14 = D=S•O•o~ o ooo·l•O•Jo6*0ll o·l•2·2·6*laoo•l•2•2•S*Ooo-l•II=z•s.s•2* 
- --A • 5 • 2*E, 2t 2*0• 4 • 2it 1-• 5, 2*T .S t /POl/ Ti=TRl4/L!119o 71 -· . - . ... . 
CHARlS: 0:3,l,b*OOOl•lt2,2,6oQllO•ltlo•l,6•00ll•lt0o7 3*0wlt/l=2•A,4t2*S 
. o5t2~l•6•2*lo5~/P:/t•TR151~=6•Y/ . • 
CHAR16 = 0•9olo5*CHAR6•ltOo0;6*t~ARll•l•II•2*So5t2*to4,2*0,4t2*Mo4t2*$CHA 
- R6t2~$CHARllt/~:CHARl9t/T:fR16/L:9ol/ .. 
CHAR17 = D=2•l•6*llOO•l•S•~l;b*lllO•l•l•6ob*lllO•ltOo2,4*lo~lt/I=2*E•6•2* 
- H,7o<*Oo5t/P:;;/T:TR111L-•8•t:l) . . . 
CHAR18 : 0:1,6,6*llll•lt5,•3,6•0000•ltlo5,4oOO·l•2,•7 1 6*Ill1•lo/I•2*S•5•2 
. *Eo4t/P:CHAR19t/T=TH1~/~=~~l/ -
CHAR19 = n=2o5o7*CHAR5•lt7o•~o7*CHAR4•lt0,0,8*CHAR18•l,Oo0,8*CHAR16•l•ll• 
. 2oA,6,2~1,3t2*T,4,2•E.J,2•0,s,2•H,5,2•S,4 9 2oSCHAR4t2*$CHAHS,z•SCHAR18t2 
*$CHAR16t/P=/T~TR19/(•9ol/ . . 

<:l1AR2.1L = o:;: 1. 5 . _6• uo o 1 ~ i, 3. 3._~· 11-1 • 1 ~- -.2. 6.* 1111 ~ l• 1. g. o•oo 11-1 ,, I .. 2.oo. 5, 2•. 
S,5o2*H,S,/P:/T:TR20/L:6,6/ 

~HAR21 = D=oolo9• vllll•l•Oi8o_S*O•l•l••8o9*10000•lt0 f•6*11•195o•5o9*11111 
•lt/I=2*H,4t2*Ao5t2*To392*1,492*So4t2~Eo5t2*0o5t/ Z/J:TR21/L=8o3/ 

~HAR22 : D=2,3,9~ 0 0000•lt3,3,8oOOOO•l,4;.6,9•lllll· t0,6;8ollll•loO,L,7*1 
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ll~lt/1=2•1.4t2*0olt2*So7tc*E,5t!P•tT•TR22/Lw9.7/ 
CrlAR23 = 0:5olo9*000ll•l•2•7•6*Il-1•1•~6,9*lll11•1tOo2,9*llll1-1tloOo9*11 
- lll•ltll•2*lo4t2*Eo4t2*Uo3•2*S~6t/P~/f•TR23/L•9o4i 

lN~UT PATTERN . -
T 1 M£X .. 1!1 _ 12 

•••0011111100ooo 
••• oolllllloo ••• 
••• 0000110000 ••• 
••• oooo11oooo ••• 
••• OOOOllOOOO,,, 
••• oooo11ouoo~ •• 
ooo0000110000ooo 
••·0000110000.,, 
••• oolllllloo ••• 
,,.o011111100 ••• 

FEEUBACK : I 
IT IS S 
REwEIGHfEO CHARACTERIZERS 

CHAR14 = D=5oOo6* f: 000•1tOol·~*01lo•lt2o2o6*l000-1•2!2•5*000-l•/l•2*So4•2* 
A,S•2*E.2t2*0.4o2*lo6t2*T.St/P=tT•TRl4/L•9o7/ 

CrlAR15 : 0=3olo6*000l•lt2o2~o•OllO•l•l••1,6*00ll•ltOo7,3*0•lt/la2*A,4t2*S 
- •4•?.*T•6•2*lo6t/P•/T=THl51~•6•~/ -
CHAR 2 1 : 0:; 0 , 1 , 9 * 0 111 i •l • 0 , 13; 5.* 0 ,;.1 .J o • ~, 9 * l 0 0 0 0 •1t 0 o 1 o 6 * llelt 5, • 5, 9 *11111 
- •lt/l=2*H,4•2*A.5t2*T.3•c*1,5;c*So3t2*E,5t2*0•5•1~=1T•TR211L•8o3/ 
~HAR22 : 0=2o3o9* 0 0000~lt3,lod*OOOO•lt4o~6,9*1111l•lt0,6o8*llJl•lo0 1 l,7*1 

1l•lt/1=2*lo5o2~0,lt2*So6t2*Eo5t/P=tT=TR22/L•9,7/ 
CHAR23 : 0=5.1.9* u 0011•1•2•7•6*ll•lt1,~6.9*111ll•lt0o2,9*1111l•l•1oOo9*ll 

lll•loll=2*1.5t2*E,4t2*Uo3t2*So5t/P=/T:TR23/L=9o4/ 
CrlARlQ = 0=2o5o7*CHAR5•lt7.-•.7•tHAH4•l;O,Oo8*CHARl~•l,Oo0,8*CHAR16~lt/l~ 

2•A.6o2*1,4o2*T.4t2*E.Jo2*U,S92•Ho5t2*So3t2*SCHAR4t2*SCHAR5t2*SCHAR1Bt2 
*$CrlARl6t/P:tT:TH19/L:9,l/ 

CHARll = 0=5•1•5*CHAR9•ltl•3•5*CHAR8•}t3o•3o6*CHAR10~1,/1=2*0,6t2*Ho5t2*1 
- o3t2*To5t2*So4t2*Ao2t2*Eo4t2*$~HAR~t2*SCHAR9t2*$CAAR10t/P=CHAR16t/T=TR1 

1/L=9.1/ 
WO~dL£-~OJUSTEO CHAHACTER!lERS 
INPUT P~TTERN 
TI MEX = 115 

• • ollOOOOOOllo •• 
···1100000011 ••• 
···1100000011 ••• 
···1100000011 ••• 
oo•1ll11111110oo 
oo•1lllllllll .. • 
···11000001)11 ••• 
.. • 1100000011 ... 
••• 1100000011 ••• 
••• 1\00000011 ... 

FEE.U~ACK : H 
IT · rs H 

INPUT PATTERN 
Tl "'£X -= 1•5 

••• 0011111100 •• , 
••• o11111111o ••• 
···1110000111 ••• 
••• 1100000011 ••• 
... 1100000011 ••• 
••• 1100000011 ••• 
···1100000011 ••• 
••• 1110000111 ••• 
••• o11111111o ••• 
••• 001111110o,., 

FEt:tltHC;, = 0 
IT IS 0 
IN~UT PIITTERN 
Tl~tE.X : 1 H4 
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oool11111111looo 
••• 1111111111 ••• 
.. • uoooooooo ... 
••• 1100000000, •• 
... 1111110000 ••• 
,,,1111110000,,, 
••• 1100000000 ••• 
•••1100000000oo• 
... 1111111111 .. . 
... 1111111111 .. . 

FEt LHiACo< = E 
IT IS E 
INI-'uT P11TTERN 

Ti MEX .: 196 
••• oooo11oooo ••• 
••·OOOllllOOOoo• 
... 0011001100 ••• 
••• 0011001100 ••• 
••• ouoooollo ••• 
••• o11111111o ••• 
••• o11111111o ••• 
···1100000011 ••• 
•• .\100000011,,, 
... 1100000011 ... 

FEt::OBACK = A 
IT lS A 
INI-'UT PATTERN 

TI MEX .: 206 
••• ooo111111o ... 
••~00011lllOO,,, 
••• ooooouooo ... 
••• oooo11ouoo ••• 
••• 0000110000~ •• 
••• 0001100000 ••• 
, •• 0001100UOO,,, 
••• 000110000Q,,, . 
,,.0111110 1100,,, 
,,.oll1110000ooo 

FEEDBACK = 1 
IT IS I 
INI->uT PATTERN 
T i i~ Ex = 218 

••·Oll0000110o•• 
... ouoooouo ... 
•••OllOOOOllOoo• 
•• .ollOOOOllOooo 
... ouoooo11o ••• 
• • • 0 11 u 11110; o.L. - -··· 

••• o11111111o ••• 
, •• 01lOOOlllO.,, 
... o11ooo111o ... 
,,.0110001110,,, 

FEEDBACK :: H 
. .IT 15 H... . . _ _ 
INI-' UT P;; TTERN 

T i ;v;E.x = 229 . 
oooOOlllllOOO,,, 
,,,0110001100.,, 
... ouoooollo ... 

.... _._. 01.1.0.0.0.0 11.0 ••• . -·· 
••• olloooollo ... 
, • o 0 ll.O 0 0 0 11 0 • • • 
,,.OllOOOOllo •• , 
••• Ol10000llO ••• 
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••.• o ll o o o 11 o o_ •• _. 
•••0011111100 ... 

FEI:: Ll t3AC~ = 0 
IT IS 0 

.INI:'UL PAJTERJ'L ______ _ 
TIMEX = 239 

••• oll1lllllo ••• 
••• o11111111o ••• 
••• o11ooooooo ••• 
••• o11ooooooo ••• 
• • • o 1 u lo.o_ooo. ••• 
••• o111100000 ••• 
••• o11uoooooo ••• 
••• o11ooooooo ••• 
••• o11111111o ••• 
••• o11111111o ••• 

FEEUBACK ;: E . 
IT IS E 
INPUT PATTERN 
Ti~"~EX = 2So 

•••OOOOllOOOOooo 
••• o000110000, •• 
••• oOOlllJOOO ••• 
ooo0011UOlOOO ••• 
••• oo1100110o ••• 
••• oo111111oo ••• 
••• o1111111oo ••• 
•••0110000llOooo 
·~·1100000110oo• 
•••ll0000011o,., 

F[t.Ot:IACK = A 
IT rs A 
INPUT PATTERN 

TIMEX .. 260 
•••0011111100 ••• 
••• ootttll1oo ••• 
•••0000l10000oo• 
••• oooo11oooo ••• 
••• oo0011000Uoo• 
···0000110000··· 
••• oooottouoo ••• 
••• oooo11oooo ••• 
••• oo111111oo ••• 
••• oo111111oo ••• 

FEE DbACK = 
IT IS I 
INPUT PI'TTERN 
Tl~,tx ~ 272 

···1100000011 ••• 
... .. 1100000011 ••• 
••• 1100000011 ••• 
••• }100000011 ••• 
••• 1111111111 ••• 
••• llllllllll ••• 
• • • 1100000011 ••• 
···1100000011 ••• 
•••1l00000Ul1 ••• 
••• \\00000011 ••• 

FE.tUt3ACK : 
IT l 5 H 
lNI-'UT PATTERN 

T l~1EX = 284 
••• oo111111oo ••• 
••• o11111111o ••• 
••• lllUOOOlll •• , 
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••• 1100000011 ••• 
• • • 1100000011 ••• 
• • • 1100000011 ••• 
• • .1100000llll,. • 
••• 11100001ll ••• 
••• o11111111o ••• . 
••• oo111111oo ••• 

FEEUBACK "' 
IT - IS 0 
lNf-'UT PATTERN 

TiMEX = 296 
···1111111111 ••• 
••• 1111111111 ••• 
···1100000000 ••• 
•••llOOOOOliOo ••• 
... 1111110000 ... 
... 1111110000 ••• 
,,,llOOOOO~OOooL . 

•••1100000000 ••• 
ooollllllllllooo 
···1111111111 ••• 

fEEDBACK :a 
IT- IS E 
l.Nt'UI PATTERN . 

TiMEX "' 307 
••• oooo11oooo ••• 
••oOOOlllli>OOooo 
••• 0011001l00ooo 
ooo0011001100oo• 

----• uOll .OOOOllOo •• 
••• o11111111o ... 
ooo~111111110ooo 
... uoooooou ••• 
o o oll 000000 llo o • 
o oollOOOOOOllo • o 

__ FE.EDBAC~ _:a . 
IT IS A 
INPUT PATTERN 
Ti~>~E:x • 317 

... oo111111oo ••• 

... oo111111oo ••• 
••• 0000110000,,, 
••• 0000110000,, • 
••• oooo11oooo~ •• 
ooo0000110000, •• 
••• oooo11oooo ••• 
••• oooo11oooo ••• 
• • • o 0111111 0.0 ••• 
... oo1llllloo ... 

fF.t::DBACK :a I 
n · ts 1 
lNP\J T P 1ll TERN 
Ti~'~EX • 328 

.. t.ull QOJ>.O 0 0 U •-•-• . 
••• 1100000011 ••• 
oool1000000lloo• 
···1100000011 ••• 
••• 1111111111~·· ~ 
ooolll1llll11ooo 

____ .._. , _U _QOO.OO_iJJJ, u 
••• 1100000011 ••• 
••• 1100000011 ••• 
... uoooooou ... 

fEElJBACK = H 
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