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ABSTRACT

This paper contains implementation notes and user's

guide for an inductive program(AQ7UNI) which given

a set of events (via an integer-valued feature vector

for each object), generates one or more characterizations
of those events, expressed in the form of VL expressions,
Variable-valued Logic System VL4 is a monadic predicate
calculus in which rules can be }armud which describe single
events or sets of events, The VL characterization is

a generalization of the descriptions of the event examples
given to the program. The degree of generalization is
controlled by the user.

AQ7UNI Delongs to a family of programs which employ quasi-
extremal optimality techniques. Data input formats are
highly compatible with the diserimination generating program
AQVAL/1(AQ7). A variety of operational parameters ars
provided to direct the generalization processes and to
determine the quasi-optimality Judging eriteria and
tolerances,



terms and complexes become equivalent, one making a logical
statement, the other a set-theoretical statement, about the
same situation. Throughout the remainder of this paper the
words "term" and "complex" will be used interchangeably,
each connoting the hidden properties of the other,

A cover is a set of complexes (a list of terms)
such that every event is in the union of the complexes,
If the intersection of any two distinct complexes is
non-empty, the complexes are intersecting, otherwise thay

are disjoint,

The variables in system VL; may be of nominal or

interval scale. Nominal scale variables may be simple,
called FACTOR type variables, or generalization tree
structured, called STRUCTURED type variables. Interval
Scale variables are called INTERVAL type variables, A
syntactic limitation is built into the VL1 selector
reference set notation. FACTOR variable referesnce sets
may be any powerset of the domain of the variable,
STRUCTURED variable reference sete must be a 8ingle leaf
or node in the generalization tree. INTERVAL variablae
reference sets must be a 8ingle interval subset of thﬁ
domain of the variable, Because of term/bamplex equivalency,
these syntactic restrictions also further restrict the

subsets of events which are legal complaxes.



Background

The uniclass inductive program AQ7UNI acéepts a set
of symbolic descriptions (events) of arbitrary objects and
produces a general description (characterization) of the
set, expressed in the language VL; (Variable-valued Logic
system 1 [Michalski 74, 75]). This report describes the

AQ7UNI program and explains how to use it.

The Uniclass Algorithm

The basic uniclass algorithm was developed by
R. S. Michalski and was partially implemented by
a student at the University of Illinois, H. Yuen. The
following discussion will explain the algorithm as it
existe in a modified and extended form which is the
basis for the implementation of the inductive program
AQ7UNIL, version 2.

In the VLj system [Michalski 74], a cover for a
class of events is a logical formula which is the
disjunction of logical expressions called terms. It has
already been shown, by examples, how a term is the product
of gselectors, and how a term may be satisfied by one or
more events. A complex is a subset of the set of all
points in the event space. For every term there is an
agssociated complex composed of all those points in the
event space at which the term is satisfied., Some complexes
cannot be represented by a single term. OSuch complexes
will be purposely avoided by requiring that any complex

by exactly described by some term, and with this constraint



#C as defined in the previous definition of
density. When event set E is described by
complex C, each event in E is being deseribed
by an enclosine subspace containing an average
of #C/#E points, This eives "generality” or
"uncertainty” to the location of the event
(it is one of the #C/#E points, but which one
is it?). The deeree of generalization is

the average amount of information disregarded
in determining the location of the event when
it is described by C(E) rather than E.

rank R(e,e')

R 1s a measure of the dissimilarity of the
events e and e'. Recall that both e and e'

are sequences ~f n values for the n variables.
Let d(x,x") by 0 if xax' and 1 otherwise., Then

n
R(e,e') = Z d(xj,xy) where x; 1%£i¢n is the
i=1

sequence of values for e and xi 12i<n is the
corresponding sequence for e'. Rank R is a
speclial case of a more complete dissimilarity
measure for VL] events found in [Michalski %
Larson 78] which applies to nominal, interwval,
and structured variables, The dissimilarity
measure used in this report corresponds to the
general treatment the authors cited give to
nominal scale variables,

The general uniclass alporithm is diagrammed in
figure 1. The symbolic notation used is defined below.
EL - the set of events
Egr - the set of events remaining to be covered {EEEEL}
K - a user-specified number of neighborhoods to
build in parallel and from which a "best

neighborhood" is selected

i
Ey - the set of events belonging to the ith
neighborhood (1<iskK)

SEEDi = an event selected at random from set ER which
becomes the nucleus of neighborhood i (no two
neighborhoods may have the same SEED)

COVER - a set of complexes of the best neighborhoods



Some definitions are nsaded to asaist with a formal

presentation of the uniclass algorithm.

variable xi

¥i 1¢i¢n, is an integer-valued variable
representing some feature of an event,

event e

@ = {X1,X2, «es ,Xn} is a sequence of n
values for the n corresponding variables

ayent get E

E= {e1,62: +os ,ep) is a set of m events

gselector reference set ry

ri 2 {VilsVios e 'Vlﬂi} 1£itn, is a set of
8; values in“the domain‘of variable X3

gelector [Si]

[S3] = (X4=r3] 1is a logical expression in the
VL1 system which is true only when the value
of variable Xj is an element of the set ry

complex C(E)

C(E) = [SyqJ[SkyJeesSk,] 14 j€n
ig a cnnjunctiﬂn of Belgctars which is true
for all events in set E and false for the
maximum number of events not in set E. C(E)
is both a term in a VLy logical expression
and the corresponding subspace of the eveant
space.,

density of complex (D(C(E))

D(C(E)) = f% is the ratioc of the number of

events in set E to the number of pointe in the
event subspace C(E).

degree of generalization AG(E)

AG(E) = -log, D(C(E)) (introduced in [Michalski
79]) is the average number of bits of information
needed to locate a particular event from E within
a unit event subspace of size #C/#E, with #E and




The uniclass procedure begine when a set of events
ER = E;, has been established from user input data, The
following steps are repeated until ER = § and on each
iteration another complex in the cover ig produced, and

the events which it covers are removed from Eg.

8tep 11 Build neighborhoods, A number (given by the
user) of "neighborhoods" are constructed. A
neighborhood is a set of events Ey such that for
each event e' in Enys R(e',seed) is not greater than
a limit rank set Dy the user. "Seed" ig an event
Selected arbitrarily from the set Eg and is unique
to each neighborhood constructed. C(Ey) is the
complex which covers the events Eye. The degree of
generalization of C(Ey) is determined by the set
Eye During the neighborhood construetion process
Some events are either excluded from Ey or forced
into Ey in order to satisfy the user-given
constraints of density threshold and/or selector
threshold.

step 2: Select best neighborhood. A quasi-optimal
neighborhood is selected according to one or more
neighborhood Judging criteria (ties are broken by
making an arbitrary choice), Seven criteria are

defined as follows.



(E?rm Uniclaas Cover)

¥

gtart:
COVER &« (¢

(1£1¢K) s Ef & ¢

HALT: the disjunction

of the elements of
COVER is the uniclass
characterization.

build nelehborhoods:

(1$1€K): if Ey = § then select SEED;
and form set Ey of events similar
to SEED; (by rank R) and such that
C(Efy) conforms to limits on the
density and number of selectors

judge:
apply optimality criteria with the
order of application and tolerance
as specified by the user. the best
of the K neighborhoods will be
called E;.

form cover: .
COVER &= COVER U C(Ey)

Eg <« Eg - En
: i i *
(1£i¢K): Ey &« Ey - Ey l

]

Uniclass Algorithm
Figure 1



AQ7UNI Program Implementation Notes

AQ7UNI 1s a 1280 statement PL/I program which will
run in 140K bytes of memory. The 8ource listing for
AQ7UNI has been reproduced in Appendix I and you are
directed to that listing for detailed information., The
following block diagram shows the procedures into which

the program is divided. Each block in the diagram will
be discussed briefly.

AQ7UNI - read first set of keyword data

BLKA - read domain definitions, variable definitions
[BLKB = read criteria specs, event data, uniclass keywords |
BLKC - generate a characterization -
[NGBRHD ]
NEXTSEED
select a new SEED event LE}NKGHAIH
CRITVAL
| evaluate neighborhoods ] ECOV
i
PRCOVER
print VL4 rules GENERALIZE
[NGBREPORT .
(diagnostic aid)
DROPSEL ]
PUTEVTS iz
_build a neighborhood
POPULATION NUM READVEC l READGAM

Figure 2



step

eriterion 1t +the number of complexes in the cover
(estimated as the negative of the number
of events in Eg covered by the complex)

eriterion 2: the number of selectors in a complex

criterion 3: the sum of the costs of the variables
in a formula (costs supplied by the user)

criterion 4: +the degree of generalization
(estimated as l/DEC(EN}}}

criterion 5: the sum of welehts of the events covered
by the complex (Weights supplied by
the user)
eriterion 6t the lenegth of references {E ;)
ceriterion 7: the relative scope of references
(the sum of the mean deviations for
all variables)

These criteria are identical to the criteria available
in prosram AQ7 [Larson & Michalski 75].

Meighborhood judegineg may be based on several criteria,
applied in an ordering determined by the user. A
tolerance value is specified for each and at each
step of the judginez, a neighborhood is eliminated
if its criteria value is greater than an upper
bound calculated as

UBOUND = WMIN 4+ TOLERANCE * (MAX-MIN),
3: Processing the chosen neighborhood. The best
neighborhood represents a complex C(Ey) which will -
be saved to become one complex in the cover of the
events. The events in EN are eliminated from Eg

and from other neighborhoods which were not selected.
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As long as the bit string is not al} Zero, neighborhoods
are constructed using the NGERHD Procedure and the CRITVAL
Procedure then determines which one is quasi-optimal
according to the eriteria requested. As each neighborhood
is being built UP, & record is kept (as g bit string) of
each event which the complex of the neighborhood, G{E"}
covers. After CRITVAL has determined which neighborhood
is the best, the et Ep is updated via a simple bit string
Operation to remove thoge bitse corresponding to covered
events, l.e. events in EH' The POPULATION Procedure
can count the bits in a bit string whenever a Population
count is necessary. When ER becomes empty, the Procedure
PRCOVER is used to convert the internal_representntion of
the complex into standard notation ang Print the results,
NEXTSEED

The NEXTSEED Procedure selects an arbitrary event
from ER for use as the geed event in neighborhood construction,
CRITVAL

CRITVAL applies whatever criteria the user requests
to all existing neighborhoods and then makes a selection
of the neighborhood which is optimal according to the
criteria used,
PRCOVER

FRCOVER prints out the complexes given a bit string
which is the internal form for both complexes and eventsa,

PRCOVER also has access to the variable and value names



AQ7UNI

The main program block is responsible for beginning
to set up the environmental data needed later. The first
get of keyword data (NGE,NMQ,LQTRACE,STRACE,QLQT,QST,PNTE,
MODE, SAVE,SAVELQ,MAXSTAR, CUTSTAR,INFORM,TITLE,LQST,CLASSES,
MAXNV,DOMAINS,NAMES,MAXNAMELEN,STLVLS) is read by the main
block. Each problem starts out here and then control flows
to BLKA, BLKB, and BLKC as more parameters are read and
evaluated.
BLKA

BLKA is responsible for reading domain definitions,
variable definitions, the number of levels for each variable
and the number of classes and the number of sample events
in each.
BLKB

BLKB takes over and reads the ordering information, the
criteria specification, the event data, and the uniclass
keyword data (UNICLASS,QUT,UNITRACE,SAVEC )+ Then BLKB
reads in each characterization specification (the number of
guch specifications is given by the UNICLASS keyword
parameter)., Block BLKC is invoked for each characterization.
BLKC

Most of the work is done here and BLKC is built much
as the flow chart on page 8 indicates. Using the ULIST
variable, the event set ER is built from the events in the
indicated classes. ER is actually a bit string in the

program with each event represented by a unique bit.
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NGBRHD

NGBRHD builds neighborhoods around a given seed event.
The algorithm for neighborhood construction is given in
[Stepp 79] and in figure 3. The procedure RANKCHAIN
creates RANK+1 singly linked lists of events of Ep
according to their rank with respect to the seed event,
NGBRHD then goes through a trial and error procedure
of adding events to the neighborhood, first an entire
chain of events of the same rank at 2 time, but later,
event by event until it can €0 no further, The last
legal neighborhood under the constraints of rank,
disjointness (optional), density threshold, and selector
threshold is the final result. Along the way, the
GENERALIZE procedure is used to edit the values which
interval or structure variables may take. If the selector
threshold is not satisfied by the final arrangement, the
DROPSEL procedure is used to further reduce the number of
selectors., NGBRHD reports the density of its result and
glves bit strings which indicate which events the
neighborhood covers.
Ecov

ECOV checke lists of events to determine which ones
are covered by the complex for a neighborhood. The test

involves only simple bit 8tring operations.
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tables. Numeric variable values and event data values
are used throughout the program from input up to the time
to print the complex. User gsupplied names are substituted
for numeric values as the complexes are printed out.
NGBREPORT

The NGBREPORT procedure is used only when the "quick
trace” is active (the QUT parameter). NGBREPORT prints
data associated with each neighborhood on each cycle of
the program. The internal procedure PUTE?TS is used to
print lists of events which are included in the neighborhood.
POPULATION

POPULATION countg one bites in a bit string. Since
extensive use is made of bit stringe in AQ7UNI, an efficient
population count procedure is important.

NUM

NUM is a utility procedure which can convert a number
to a varying length character string, or to the correct
special name associated with the given value. NUM is used
moet by the PRCOVER procedure.

READVEC

READVEC reads event data which is in vector format.
READGAM

READGAM reads event data which ig in gamma format.
Gamma format is not often used and is described fully in
[Larson-75].



14

GENERALIZE

GENERALIZE extends the reference set for variables of
interval or structure type, Interval variables ars
extended by filling in gaps of missing values in an
enclosing interval, because in system VL;, the reference
set for a variable of interval type must be a single
closed interval., Structure variables are extended by
finding a common node in the variable structure which
encompasses all valuss Present. After GENERALIZE, every
interval variable has a reference set which represents
only one interval and every structure varigble has a
reference set which represents a particular node in
the structure tres,
DROPSEL

The selesctor threshold parameter is used to cause
all but a certain number of selectors to be axténded and
dropped. Sometimes the neighborhood construction process
is not sufficient to obtain the desired number of selectors,
(That is not surprising since the neighborhood construction
Process is not involved with the number of selectors,) When
the number of Selectors remains too large, DROPSEL finds
and extends references on certain selectors ®o that they
are eliminated. FPirst, variables of factor type are considered,
DROPSEL eliminates those with the highest fraction of their

domain in the reference get, TIf that does not reduce the
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User's Guide for Uniclass Program AQ7UNI

(This user's guide 18 for version 2 of
AQ7UNI - November 1978,)

Robert Stepp
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selector count sufficiently, then all variables are conaidered
and again those with the highest fraction of the domain
already present in the reference ‘set are eliminated.

When AQ7UNI is producing disjoint complexes, care is

taken not to eliminate any variable needed to maintain
disjointness. When disjoint complexes are being generated,
DROPSEL may not always be able to reduce the number of
selectors to the limit given by the selector threshold.

A note About the Internal Bit Representation of Events
Individual events and complexes are represented
within AQ7UNI as bit strings. The strings are all the
same length, with a bit for each value of each variable.
This works because AQ7UNI permits only integer values
for its variables and the underlying numerical domains
of all variables begin with zero. In actual practice,
more tham the minimum number of bits are consumed, so
as to be able to align the 0-bit for each variable at
a character (byte) boundary. Whenever possible, the
bit strings are operated on as character strings to

improve program efficlency.
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MODE=

default: MQODE='IC'

possible values:s *IC', 'DC’, "L

MODE is an AQVAL/1 parameter not used by AQT7UNI,
INFORM=

default: INFORM='VECTOR'

possible values: 'VECTOR', 'CAMMA'.

INFORM determines the format of the event degcription.
TITLE=

default: TITLE=0

possible values: any non-negative integer,

TITLE specifies the number of lines of title data,
MAXSTAR=

default: MAXSTAR=150

possible values: any positive integer less than NGE.

MAXSTAR is an AQVAL/1 parameter not used by AQ7UNI,
CUTSTAR=

default: CUTSTAR=50

possible values: any positive integer less than NGE.

CUTSTAR is an AQVAL/1 parameter not used by AQ7UNI,
NGE=

default: NGE=200

possible values: any positive integer,

NGE is an AQVAL/1 parameter not used by AQ7UNI,
NMQ=

default: NMQ=35

possible values: any positive integer,

NMQ defines the storage area for the final output

complexes generated by AQ7UNI,
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Introduction

AQ7UNI Version 2 is a PL/I program which can
accept one or more descriptions of classes of events
and generate one or more characterizations for each.
The input formats are purposefully similar to those used
by AQVAL/1 (AQ7) [Larson-75], Only a few statements
of uniclass parameters need be appended to data already
set up for AQVAL/1 (AQ7) to use AQ7UNI to generate
characterizations of the events. Version 2 of AQ7UNI
gupports the following parameters and features not
avallable in previous versions,

- interval variable domains

- structured variable domains

- user selected judging criteria

- domain definitions with symbolic aselgnments

to variables and their values

Input Parameters

Input to AQ7UNI is defined below. Many input
specifications match those of AQVAL/1 (AQ7), though
gome of the parameters for AQVAL/1 (AQ7) are accepted
by AQ7UNI but cause no action. The parameters for
AQ7UNI are either simply numbers separated from each
other by blanks, or keyword expressions. Whenever simple
numerical values are called for they must be coded.
Keyword expressions, however, need not be coded when

the default value is desired.
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SAVELQ=

default: SAVEIQ='0'B

possible values: '0'B, '1'B

SAVELQ is an undocumented AQVAL/1 parameter not

used by AQ7UNI
PNTE=

default: PNTE='1'B

possible values: '0'B, "1°'B

PNTE controls the printing of the input event sets,

PNTE='1'B causes printing fo be performed.
CLASSES=

default: CLASSES=32

possible values: any non-negative integer

CLASSES specifies the maximum number of event classges,
MAXNV=

default:s MAXNV=32

possible values: any non-negative integer

MAXNV specifies the maximum number of variables,
DOMAINS=

default: DOMAINS=0

possible values: any non-negative integer

DOMAINS specifies the number of domain definitions.

When DOMAINS>0 domain definition parameters are

required, See the special section on domain

definitions,
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1LOST=

default: ILQST='l'B

possible values: ‘0'B, '1'B,

LQST is an AQVAL/1 parameter not used by AQ7UNI.
SAVE=

default: SAVE='0'B

possible values: '0'B, 18,

SAVE is an AQVAL/1 parameter not used by AQ7UNI,
QLQT=

default: QLQT='0'B

possible values: '0'B, '1'B.

QIQT is an AQVAL/1 parameter not used by AQ7UNI,
LQTRACE=

defaults LQTRACE='0'B

possible values: ‘'0'B, '1'B.

LQTRACE is an AQVAL/1 parameter not used by AQYUNI,
STRACE=

default: STRACE='0'B

possible values: '0'B, 'l'B,

STRACE is an AQVAL/1 parameter not used by AQ7UNI
QS5T=

default: QST='0'B

possible values: '0'B, '1'B.

QST is an AQVAL/1 parameter not used by AQ7UNI.
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Variable definition data; Note: if DOMAINS= is specified
and given a value greater than zero, then see the
section on domain definition for parameters to be

used in lieu of the following items,

One of the following specifications must appear,
(a) n 'FACTOR' <n numbers separated by gpaces>
(b) n 'INTERVAL' <n numbers separated by spaces>

default: no default

example: 2 'FACTOR' 1 &4

The n numbers on the right denote variables which
are of the type indicated (either interval variables or
factor variables). Variables not mentioned are assigned
the opposite variable type. Structure variables can be
defined only via domain definition (see section on
domain definition). None of the editorial symbols

"(a)", "(b)", "<", or ">" are actually coded,

number of levels per variable:
Ny <n numbers separated by spaces>
default: no default
example: 4, 5 3 2 4
The n numbers on the right indicate the number of
levels of each of the n variables respectively

starting with variable Xq
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NAMES=
default: NAMES=0

possible values: any non-negative integer
NAMES specifies the maximum number of symbolic
names for data values which may be defined.
(See the section on domain definitions).
MAXNAMELEN=
defaults MAXNAMELEN=8
possible valuee: any non-negative integer
MAXNAMELEN specifies the maximum length of any
name in characters. Names longer than this
will be truncated.
STLVLS=
default: STLVLS=0
poseible values: any non-negative integer
STLVLS specifies the maximum number of structured
variable levels. (See the section on domain
definitions).
This ends the first group of keyword parameters. A
semi-colon must be typed to separate these keywords
from the following data items.

Title data: As many lines of title data as were
specified via the TITLE= parameter should be included
at this point in the input stream.
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event data:
At this point in the input stream place a vector of
numbers (if INFORM='VECTOR') or a single number (if
INFORM="GAMMA') to describe each evant, Events
must be grouped by class and appear in class order,
Z and/or W values: |
Z values are the costs for each variable. W values
are the costs for each event. These values are
to be coded only if criterion numbers 3 and/or 5
are used as criteria Bpecifications, 1f eriterion
3 is used, then any number of specifications of the
following form may be glven. After the last one
code a semi-colon.,
Z(1i)=
default: 2(i)=1,0
Z2(1) specifies the cost for variable i

If criterion 5 is used, then any number of specifications

of the following form may be given. After the last
one code a semi-colon.
W(e,n)=
default: W(e,n)=1.0
W(cyn) specifies the cost for the nth event
defined for class e,
If both criterion 3 and criterion 5 are specified,
then code a set of Z specifications and a get of
W specifications with the 2's first if criterion
J occurs first in the criterion list and with the
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number of events per event class:
n, <n numbers separated by spaces>
default: no default
example : 3, 5 4 10
The n numbers on the right indicate the number of
events in each event class. These eﬁant: are
defined later on in the input stream.

ordering information:
integers separated by spaces
Ordering information consists of a permutation of
the sequence of integers 0,1,... up to one less than
the number of classes,

criteria specification:
n, <n integers (1-7)>, <n real numbers (0.0-1.0)>
Up to seven user criteria may be specified. The
eriteria are defined in the body of this report.
The integers serve to identify which criterion is
to be used while the real numbers give the tolerance
values.
example: 2, 4 6, 0.0 0.5
The example indicates two criteria will be used.
Criterion #4 will be applied first with a tolerance
of 0.0, Then criterion #6 will be applied with a

tolerance of 0.5,
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SAVEC="'0"'B,

A semi-colon must be coded after these keyword parameters,

The following group of specifications oceur 88 many times
as the value of the UNICLASS parameter above, Each group
of specifications pertaina to one characterization
performed.
MODE=
default: MODE='REL®
possible values: 'REL', 'EXACT*, 'APPROX', 'FREE®
MODE controls the density threshold value, With
MODE='EXACT' the density threshold is set to 1,0,
With MODE='FREE' the density threshold is 0.0, With
MODE="'APPROX' the density threshold is given by the
DT= parameter and with MODE='REL' the density
threshold is the product of the value given by the
DT= parameter and the density of the learning Bample

in the event space.

DT=
default: DT=0,0
possible values: any non-negative real number
The DT value is used only when MODE is 'APPROX'
or 'REL',

ST=

default:s ST=number of variables
possible values: any positive integer
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W's first if criterion 5 occurs first in the list.
This econcludes the parameter specifications which AQ7UNI
and AQVAL/1 (AQ7) have in common. The following parameters
are peculiar to AQ7UNI.

unieclass parameters:
UNICLASS=
default: UNICLASS=0
possible values: any non-negative integer
UNICLASS specifies the number of uniclass character-

izations to be performed on the event data.

QUT=
default: QUT='0'B
possible values: '0'B, '1'B
QUT controls an informative "quick trace"™ of the
neighborhood construction process.
UNITRACE=
default: UNITRACE='0'B
possible values: '0'B, '1l'B
UNITRACE controls the printing of detailed internal
data.
SAVEC=

default: SAVEC='0'B

possible values: '0'B, '1'B

SAVEC determines whether characterization complexes
are to be written in internal form to a file with

DDname COVER. No such output is produced when
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ULIST=
default: a bit 8tring of all-ones
poesible values: any bit string of the form 'bbbb'E
where each b is either 0 or 1. The number of bits
must match the number of clasges defined, Starting
with class 0 on the left, each bit corresponds to
one class of events, If the corresponding bit isg
2 1, then the events of that clase will be included
in the event set to be characterized. AQ7UNT makes
no notice of the class of events, this is merely a
technique to fhcilitat; taking certain subsets of
the learning sampile,
aximpla: (assume two classes) ULIST='01'B
This indicates that class 1 (the second ~1ass)
of events will be covered, ULIST='11'B would"’
indicate that both classes 0 and 1 are to comprise
the events characterized.

A semi-colon must be coded at this point,

- eriteria choices:
If NCRIT= specifies a value greater than 0, criteria
choices must be coded, If NCRIT=n, then n integers
in the range 1 to 7 are coded followed by n real
numbers. The integers serve to identify which
¢riterion is to be used while the real numbers give

the toclerance valuee, Criteria choices for a given



RANK=

NGB=

TYPE=
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The ST parameter gives the maximum number of

gelectors any single complex is to contain.

default: RANK=number of variables
possible values: any non-negative integer
RANK limite the degree of dissimilarity between

events which make up neighborhoods.

default: NGB=3

possible values: any integer greater than 3

NGB specifies the number of neighborhoods built

in parallel and from which the quasi-optimal one

is chosen. Characterizations should improve as

NGB approaches the number of events in the learning
sample, but process time grows in proportion to

NGB as well.,

default: TYPE='IC'
poesible values: ‘'IC', 'DC‘
TYPE determines whether Intersecting (*ic') or

disjoint ('DC') complexes are to be produced.

NCRIT=

default: NCRIT=0
possible values: an integer from 0 to 7
NCRIT specifies the number of user selected criteria

choices to be made.
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Sample AQ7UNI Input Stream

[y

1 INFORM='VECTOR®

2 TITLE=1;

3 THIS WILL BE THE TITLE OF THIS EXAMPLE
I 'FACTER' 122 34

5 &, 19 3

6 2, &4 E

? 01

8 110.0

9 20130
10 2 233

11 2212
12 2201
2220

1 12332
15 2221
16 1211
17 UNICLASS=2 QUT="1"B;
18 MODE='EXACT! NGB=5 ULIST="'10" NCRIT=2;
19 b 7 0.25 0.6
2? MODE="'APPROX! DT=.375 RANK=2 ULIST="11'R;
2 »
22 INFORM="VECTOR '

line 61 number of classes, number of events per
class

line 7: ordering information (the first class will
be called class 0, the second, class 1)

line 81 general criteris (eriterion #1, tolerance 0,0)

lines 9-16: event data in vector format (first 4 are
in class 0, second & in class 1)

line 17: Uniclass keywords
lines 18-20; parameters for two characterizations

line 211 problem data separator, followed by next
problem in line 22



29

L]

characterization override the general criteria
stated previously (following the ordering infor-
mation) which serve as the default criteria.
Note: The reading of Z and/or W data values is
ander the control of the general criteria specification.
If you wish to use criterien 3 or 5 you must be
sure to also state these same criteria as general
criteria to trigger the solicitation of associated
data values. The same Z and/or W valuee are used
for all characterizations.
This concludes the parameters for each uniclass characters-
ization. At this point you may place a separator card
which is an asterisk in column 1 followed by blanks and
then begin coding parameters for another entire problem.
You may place as many independent problems (separated by

separator cards) in the input stream to AQ7UNI as you wish.

The example on the following page illustrates an
entire input stream. Line numbers are for reference only.

lines 1,21 AQVAL/1 keywords

line 31 title data

line 43 factor/interval specification (variables
1,2,3,4 are of factor type

line 5: number of variables, number of levels per
variable
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you must code that number of names, each name must
be enclosed in apostrophes. "Type” indicates the
type of the domain and is either FACTOR, INTERVAL,
or STRUCTURE. ":dname" is optional and gpecifies
any name you wish to call the domain, The parameter
MAXNAMELEN= described early in the user's gulde
specifies the number of characters stored for each
name (or dname)., The following example 11tustrates
domain definition. Assume DOMAINS=2 was coded,

1 'FACTOR' 4 o

2 'INTERVAL:COLOR® 5 5 '"WHITE® 'LITE GRAY'

"GRAY' ‘'DARK GRAY® *BLACK!

These two statements define domains #1 and #2. The
first statement indicates that domain 1 is of factor
type and has four levels and no 8pecial names, The
8econd statement indicates that domain 2 jg of
interval type called "color" with 5 levels and 5
8Bpecial names, The value O will be called "White",
the value 1 will be called "lite Erey",44:, the value
4 will be called "black®, The Paraméter NAMES=
must be given a value large enough to accomodate
all of the names given to all domain definitions.
NAMES= should be the sum of the number of levels (1#)
of all domain definitions Which have a non-zero number

of names (n#).
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Domain Definitions

The parameters described on the preceeding pages
support those features of AQ7UNI which are compatible
with AQVAL/1 (AQ7). AQ7UNI has a domain definition
feature which is not compatible with AQVAL/1 (AQ7) and
for that reason it is documented separately. The following
parameters are to be used whenever the DOMAINS= specification
is given a positive value. Parameters through and
including the title data are coded as before. None of
the variable definition parameters which follow the title
data up to (but excluding) the ordering information are
to be used when DOMAINS has a positive value. Substitute

parameters given below are used instead.

domain definition data:
- a# *typetdname’ 1# n# <n# number of names>

default: no default
Domains are numbered 1 through DOMAINS (DOMAINS is
the value given to the DOMAINS= keyword). Domains
are defined in order, each definition being of the
form given above., "d#" is the domain number. "1#"
is the number of levels associated with this domain.
(The domain is the integers 0 through 1l#-1). "n#*
is the number of special names to be is:ignad to

the values in the domain. Following the n# number



pL

3 'STRUCTURE:SHAPE' 7 7 'LINE® "TRIANG' 'CIRCLE’

"ELLIPSE' *HEXAGON®
'SQUARE' 'TRAP,'

4 4 'CLOSED LINE!' "4L_SIDED®
'POLYGON' 'HAVE ARFA'

223

2 56

3814

27?09

The domain is named "shape” and has 7 levels which

are named as this table indicates: o line

1 triang
Four internal nodes are to 2 cirele

a ellipse
be defined and will be given hexagon

5 square
internal numbere as the exten- 6 trap,
sion to the table indicates: 7 closed line

8 b4-gided
(Note that these extended 9 polygon

10 have area

levels may not be found in the

input data defining the sample events.) The relation-
ships between the internal nodes and the leaves are
given by the four Specifications following the last
internal node name. =2 2 3" applies to name 7 (the
first internal node) and Bays there are 2 conceptual
refinements of "cloged line”, namely items 2 (circle)
and 3 (ellipse), Similarly there are two refinements
for "4-sided” which are iteme 5 (square) and ¢ (trap.,)
"Polygon" has 3 refinements which are 8 (4-gidedq),

1 (triang) and & (hexagon). Lastly, "have area" has
2 coneeptual refinements: 7 (closed line) and 9

(polygon).
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Domain definition for a structured domain is more
complicated. The regular domain defining parameters
are coded and then following them use these extra
specifications:

gl# sn# <sn# number of names>

nn <nn number of numbers separated by spaces>
A structured domain is a tree. The leaves are defined
via the regular portion of the domain definition
statement, i.e. the number of leaves is the number of
levels (1#). The number of interior nodes is specified
by the sl# parameter and via the sn# parameter, each
interior node may have a name. Following the 1list of
interior node names (if any) come slf number of
structuring specifications. The structuring specifications
correspond to the interior nodes, and give a list of
previously defined nodes (either leaves or internal)
which are to be considered conceptual refinements,
An example should clear up the mysteries. Consider
the set of the objects: 1line, circle, ellipse, square,
trapezoid, triangle, hexagon. Circles and ellipses
are closed lines. Squares and trapezoids are L-sided,.
4-gided, triangle, and hexagon objects are polygons.
Polygons and closed lines have area. Suppose this

kind of domain is to be domain number 3. Then we write:



Ul and ol S S SR
~Q(Dﬂ£hULtuJNF‘QMDGPQD“n#HJhJH

MM MM
WO

line

line
line

line

line

line

36

Sample AQ7UNT Input Stream
using Domain Definitions

INFORM=VECTOR NAMES=3
DOMAINS=2 TITLE=1;

THIS WILL BE THE TITLE OF THIS EXAMPLE

1 ‘'FACTOR' &4 0

2 ‘'FACTOR:SIZE' 3 3 'SMALL' 'MED' 'LARGE'
b, 221 2

 '. OF #1' *, OF #2' ‘'TYPE' *, OF moY'

HNEMNN 0N DO
MMM S -
MW NGO WO
r4h-m<3kuu+‘c15

UNICLASS=2 QUT='1'B;
MODE="'EXACT' NGB=5 ULIST='10" NCRIT=2;

7 0.25 0.6 :
MODE="APPROX" DT=.375 RANK=2 ULIST='11'B;
™

1v the total number of names is 3 (domain and
variable names do not count).

2: 2 domains will be defined.

4: domain #1 is of factor type with 4 levels, No
epecial names are used,

51 domain #2 ig of factor type with 3 levels given
special names. The domain ie named "size,"

61 there are 4 variables. Variables 1, 2, and 4
are defined on domain #2 while variable 3 is defined
on domain #1,.

71 The variables are named as follows: "amize of #1»,
"size of #2~, "type", and "size of box",
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number of variables and domain number for each
n, <n numbers separated by spaces>
default: no default
This specification follows the last domain definition.
n specifies the number of variables and each of the
n numbers which follow must be the number of a domain
which was previously defined. Many variables may
have the same domain.

number of variable names and name for each
m, <m names each enclosed in apostrophes>
default: no default -
m may be zero in which case no names may be given.
In that case the variables are automatically mamed
Xi where i ranges from 1 to the number of variables.
If m i8 less than the number of variables, then those
variables not glven special names will retain their
Xi form of name., If a given name begins with a
period, the period is removed and replaced by the
name given to the domain. Thus if a variable is
of domain number 2 (as defined in a previous example)
and its special name is '.#1' then it will be refered
to by the name "COLOR#1" on all output. The following
example of a whole AQ7UNI input stream illustrates

the variable naming feature.
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STET LEY Nt AQTONI - WERSIOW 3

1 AQTONRL: PROC OPTIONS (HALEN): e+ AQT WITE ONICLASS ek,
2 T 0 I bEL ﬂ'-i'.rll:l .'I!ll.':i q“.m.u!.l.nu,nu,ﬂ'lnm SEAQTAL (AQT) ORLY®/
"lfs i cnti 1! BGE) S*AQYAL (AQT) OELY®

::nf !_F n.r:hﬁ‘ ONLYs,

IPCI{;IIEEIE= OF BITS PER CHARACTER »,

HEHE}.sl iEI i!ll FOR TITLE #y

cLissEs /b z“un NUABER OF CLASSES s/
m;s.[ i Tike s !: ﬁ:iﬂ'ﬂ’“ BAT BE WRITTRN .y
DEB DG - con 20L oF DEBOG outin .y

# luhi OF DOBAINS DEFINED s,
FB1 = II..I. D FORK AREA, OVEELATS PR ey

1 :H “ﬁ!ﬁﬂ DEPINED TO COVER PBIS =/

2 u-: * THE TRO BYTES IN FBIS s,
nise IIDICI;I‘.! UEEN INFUT DATA NUST DX SKIFPED
I H ‘- lm PORMAT (GANRA OR VECTOR) o/
uiﬁﬂ;h x; ST woarna OF CEARS IN EACH Ninp #/
n.;". -.lﬂ1 bisza or TARIABLES =/
LK o™ o4 "oF DEPINED WARES L7

is
| ] I}- 5{ l‘nl l OF CONPLEIRS IN A COVER L
] JI,-n- I ﬂ § WEETHZR TO PRINT EVENT DATL .y
sTL ’- [T} rhm OF STROCTONR LEVELS s/ .
!IE% ;z‘lfl.lj l OF LINES OF TITLE DATL =y
ug.“ L :!n'.ru TABLE TO DROP LEFTEOST AIT =/
g? > f TO GIVE LBDEI OF LEFTHOST BITW,

H° ' by
GIVE FOPOLATION BITE =
tu::fs: PIXED BAN{15) X aERE. oy

n-l Jdedl .JI.I} FIIED BAIn IJ'] H

ﬂl-lun
=

1-'

1 ;g B B 5 .
i ! E B m;@f,f’a:"l B ARE B BITS PER CHARACTER */
; 18 'I% 780 o 8y =13

1 J = 371 To g
RERES Lk
10 1 J1 = J241; J2 = (J1%2)=1;
1201 1 ENp;
13 1 @ TRPORJ0) = Q;
a1 1 :
% ] E gﬂng -'J %ﬂ-rg'.n 1;
1? ] ‘l{mr Jod1) =1 » rRpop(a);
lg 1 llﬂj

1 J1 = 31 = 2
a0 1 1 ENE;
| a P PE1
g 013 | Baspens.

] snasiu DROP,1,1) = FC1:
:.- Jl,Jd =
FEE Do'I'= 1 g
FHES 003 =J § 2 J2;
1; i Eﬂggrltﬂatit Je1,1) = po1;

= m w
§§ 1] i J2e1; 32 = @rez)-1;
I3 01 a0 DEBOG = "Qup;
EL 9 o _ERDF :.ninsu} BEGIN;
3 POT 5K r! IFE3 (JEND GF DATA ON SYSIN FrLEY);
;g 0 pU% 2xie (2] 1334 !-mwu ENDSY) ;
4 E STOP;
s % END;
/% BEGIN HEEE TO STAET WEW PEOBLEN

is I E gl 171. CLASSES=32; WAINT=32; BAXHABPLFR=a;
3 i 15ess TR ivEcToR®
4a ;r 0 TI!LI!EDHHIIIS,KIIEE +STLYLS = 0
-2 1 E fon
87 1 g ansa--n-!
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APPENDIX 1

Program Listing of AQ7UNI

(Version 2)

November 1978
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5TAT LEY pr AGQTORI - TEESION 2
FILEL BIN {31
s:}i‘srtﬁchg‘i'nun 1IN OsK s
L
sTRoL p’irh Gez oara

iitilie i sl . .,
I L)

JgAET fredh af
::ﬁiii“i' finiol e avemo,
VARTY

AL c BAINANELEN) WAR ALIGNED,

B OF EACE YARIABLE *,

AAINT] c 1] ALIGHED

WL rf‘ EGTH oF BIT woRk amEas 1w pres .y
L AIN(31),

(Isd,E) FIIED BIN{31):

§ | HIME-isns.amuas - o
8 | FHVBSE i ¢ o
!

BAINS € 1 THRN DO
/% DETEREIND INTEIRVALS OR PacCTORS */

§ Tsﬁ.ﬂﬂggf: ﬂf’li:' THEX DO;
lli!l = FpE ttli - tpe.

1R I'; TIPR = 'y

g ;Eﬂf{: s Aviex;
P TdndERT L

INp;

AD NOMBEE OF VARIABLES +
H TR d

f pOT nﬁﬂi:{?hﬁinn EICEED maxznv');

PLOSH =
&0 To Eima_uip;

b
po =1 Ta gr;
n_nu:f:'- 'I' 1 Wom(I,0);

i?lc-g lslf 11 l!l Dﬁ! "
ﬂﬁmmﬁﬁﬁHWﬁwﬁﬁwmrum
uf E:EEHF"‘“““"' A} ;

1 ¥
P i 1)i;,
éil:
END;

"THE FOLLONING 5 '
n‘:nc-fnu*“ VARIABLES ARE

=¥ L] T
gl!.u L P P

j
[
L]
i 3
i ]
; :g I
-
J1 » 27 4mx :
i ;‘. éﬁ.“ :u;iﬂcir.‘i;s::ﬁhnr.r-:m:
1ﬁ .} wD: *
1 POT sk 178 L '
. ”ﬁﬁﬂdﬂﬂzﬂﬁhﬁﬁﬁ'““““‘“
1 i nu]}- "ro §v;
F] ntnn;,}u-':- 3yE Do;
H LR THEN J1 = J1's 1;
1 SE J1 = I;
i p F0T pitol hg';ﬂs: Jiez)).r 39
" M xhi Ii'ﬂlérq; ¢ 12030} ;
13§ H INIVARS (FIVaks) =1;
1i H BAL;
Fi END;
132 3 2 END;
123 2 4 FOT SKIP(2) ELIT('NOBBER OF VARIABLES =LNT) (AL PR ;
I o r
134 2 £ Eﬁu:}ﬁ!{z;naqiﬂlffi h Ml
1; ] i POT SEIF ELCIT (' m0BBES of jLE¥ POR_EACH YABIABLE: ") (A);
15 PUT EGIT ((NL(1) I=1 20 ¥¥)) (coL(38), (27) P (3))
1 j ] E§D;
138 ELSE bo; ;
. /% BEAD nauil DEPINITIONS = s
FE 5 ; EEE EHE..ET 3;;::}.;:”““/:"““1“5 )z
3 D < fL¥LS, B T . :
IR BEH e, -0
135 3 b i
136 % % o= 1t
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AQTONI = FERSION 2

/* 310D AQ7 EETWORLS

TR AT
gﬁ 55 ol k ks, nises;anznankiEs, stL¥Ls; oRB0G) ;

I‘ﬂ- a IIIM

'.' 3 !

E:E ii.t 1' E piT | iu“:h (COLOAN (20} ,4) ;
!‘IEIEI'II[ !; TORI | 'IBTI
EF: EFiEI}; H if Eig:gil:iiégiiiiczli hi 14 ifg TITLE) ;
BLEA: BEGIN;

oL ll'fl BOHBEER i' EVINTIS oy
(3

I;r% I .‘. OF LNTERVAL TARIABLES */

H

tlin /% BEIT INDEX OF L NAAE #;

i ll]‘i
Ili 3 k3 oF VARIABLES WITH NA VALUES */

vt T3

lsiégllfaliigg fapzx or A STRUCTURE */
R R e e
I!?IE{EEEIH ﬂlf LIII!IT hg'nn!s {(ADLT QF BPpC) ¥/
Ei : !flizit:! ETENT EEPRESIETATION IN BITS %/
N TARIABLE */
o galif Mibae s
::.H £ & i ?h EVEDT REPRESENTATION IN CRARS »/
;;.,L Mt o, gk matiiis oy
abth cobkerLr TN UsE */
noEg hﬁn :!rinul !ol EACH TARIABLE */
| NEEEI'}-’EH:‘- Iy
2 nits él*%%!#"’ "LETELS IN THE DOEALER */
2 op E‘,*'Eséiii TTRR (I,5.F) %/
imn gﬂ i Igl':ﬁ T0 FIEST DEFINED NAME */
2 vuii uiﬂ ) GEED TO DOBAIN %/
2 st m“.zé /z!lr nl 20 P4 S lbcronr mznent o/
HE5 FOR TAEIABLE TALUES =/

o 4*4'&2&* T R C

wedfy 128, 1 {13k 1n staocronr tmER o/
r{ iL }Etl;il OF TEN EVENT SPACE %/
EIGHEST CLASS NUMBER */
rii’ = ;4is1§! HUMBEZE OF EVENTS IN A CLASS®/
BAISH «"11 1218 wonsza or sTeocTERE BITS */
[ 4 fiil;: 3d32kE or ARES ALLOWEZD FOR A DOBAIR %/

il‘- =ﬂigl;ns TARIABLES ¥ITE WA VALUES .y
ii#ﬁli Ei Giatielat" !B ®fa vaLoes =/
(MATN¥) FIXED BI
] Srhebi oF Sn; AckERs REPRESENTING A VARIABLES/
HC {li'lhuEEIESrléxfssi! .y
|=nnizgt'i:§%1ki or THE rc::l wy
E ltuﬂfii or' KV :liz ACH CLASS #/
mal -liﬁl":’! TF iR $42°k8oxs tn & szrocroE =/
;E'E%gi 1 El I¥ USE */
8 FOE EACH YARIABLE */
}ﬂl;ﬂ tuﬁgil nﬁf Eilﬁ FOR A DOEAIN */
llil% :-'fgégx OF WABES ENTERED &/
TIET AIN
llrit HOMEE 3? “YARTABLES ®/

NSPEC fl' ll.!jll.h OF SPECIFICATIONS ENTERED =/
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STET LEV Nt AQTUNI - VEESION 2
137 2 3 H‘LSH.&LES! (*DOBAIN DEPINITION',I,'RrFECTED BoT+,
138 2 FLOSh =
139 § 60 TO n.u._iin
14 4 Grt Lisr 1.“}.*'““’-
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162 8 < = I.

R ﬁ*,ﬁﬁ e e - s
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"“;H* (o4} . nm:u:'.u = unl::
H l 1
el si;r L s: ﬂ rﬂ.ﬁs 0 !.ni !u ACCORODATE *

".JTS !ll I ‘l e e

wlll:;. £
1T usirr‘u B B

E
GET L

R ——— &
fogle ]
[

o anm. S mdmdiod i
L LN T N MWWIMHMNMN I B b b s b
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3 En
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AQTONI = FERSION 2
POT SEIF(2) ;
EmD;

/* READ NOMBER OF LEVELS */

2;1 LISH i‘ THER DO

5t (" Ill]lltls EICEED BALNT'):

I.IIIB ‘ . iiﬁ
T F
puf Skip(2) EOIT('NONSER OF VAREABLES =',¥V) (L,F(8)):
i 4 i’ bk i ah e Tk e v o
PUT EDIT |4nn1 (I) D0 =1 10 HV)) (COL(38), (Z1)P(3))5
f; P 11 P TEEN DO;
POT 3EIP LT *DOBALN NUSBER POR VARIABLE',I,
riokd o IRRSTYG
Ein?u sLEM_EiD;
WL (I} = unntn YLS;
Hiteeiil s ol i” NHE oo,
SLYARS = ITAES#*1
STTARS (#IVARS) =
oty Dﬂlil!liﬂlﬁ.ntlrl = 'S' THEN DO;
#5TAR = 57
i;gucinnslustufs: - I;
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5 R S s P O
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! i i;ii TEEN EAIEY = BE(I);
o
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LF DEBRDG T&EI *ﬂ'! F.Ii.i ﬂﬂﬁﬂi*l 1 EARES, STROC, YAETTEE DOMA,
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'55 E g E! I<hpamc TEENW LINK = BAFES (I+1);

i NE;

§9i7 & D RCOv;

#* PROCEDURE TO GRENERALIZE SELECTORS =/
928 GEEERALIZE: FROC;
939 6 1 bCL ll!{* slli'l ﬂl‘ INDEI=s

PHSH so =;¥£3$L1. FUNBRR »/
E BITS =,

::!{‘ . rnf:r § o winx o,
it i

!11 INDEY =/

STRT oo Ef;fiila CHAR NOUERER s/

EedeL,T) FLIED BIN(31):
L*!! - I.hl'ﬂiill.ll].
'!ﬂ lIl’IH'

L = l&tr

EI‘E - 'l'j H l!] = STRT+EC (M) -1;

{': ; f"'srli"l'i-,c 83°3b° PSTRIT;

fﬂ fi.:iiﬁ' Ef!li Eg"‘igﬁq
R o
Lsiaté: re UBILE (PR15>0);
=" FE1S;

::1 = taibstare (re1,TEDROR) ;
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AQTONL - VEESIwE 2

N. VLEX n-nnll = 1,0;
TR T T
ST < o
Hé;:mbn - ﬂl.uh];
ll{l:;?éE%'£<I:E% : éfi{' lEii[IBﬁtilﬁ!t}}, E= uV;
e S dlb gt b B
f; tsuuﬂf tREE E = K013
il ﬁh THEN CALL DROPSEL m.n =57 ;
ir !f!rnrnn E == OP i i
i:“ﬁ - 3:"?!; u IE lll[lc #;
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%%@mﬁmmﬁﬁ%W%%mh
Hi = (N.BER+N.HER) /0. OLNE;

'fBH Il:::l ’:{. "G“H;ﬂﬁ; jll‘.‘:l{lilll LELRE(NGBE),

/* PROCEDUNE TO CEHAIN EVENTS BT RANK */
RANECEAIN: PROC (SBED);
DCL un: HF EDEBER */
2! ﬂ'ﬁ EYENT EUEBRER */

(Tede l..l: FIIED BIN{AT) ;.
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1? tuuipgjﬂn DO;
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s+ PROCEDORE TO FIKL COVERED EVENTS ®/

ECOV: PEOC (SEANK, SEVET, COUNT, EAP, LNE);

pcL :au{§ ¢S50 COREENT POPULATION COONT */
Htfn gili!§ SEIT EVENT ON EANE CHAIN */
LEE 4* BLY i:: ESENTITION OF COMPLEL */
mp sk LICRED: svEETs COVERED */
FEANE { s:ii I-ﬁ EANE YALOE */
ceVRE" ¢ Bid Gc EVENT NONBER */

sn;E{:ﬁo:I.lgi fc RANK VALUE #/

I PIXED BIN(31});:
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AQTONI - YERSION 2

BIT (1) ALIGMED,
iD,1,J,K,L) PIIED BIN{(31);

. SLaTlén <o

igsifiéatﬂi AR B - o
Ir Dibos TEIR POT SKIF DATA (D, COONT) ;
Do s::urn:nt = YgvR, ‘qrp; :

';ngf gié:“' ; J"“S Wi,
'ﬁif’ '"E%E#rl'f 1
s e
Bag:
B iensr >
Ir:g“iifggsffliiiia Iﬂ'ri{r-iilslﬂr'lljl = ONES:
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“IE !‘ilﬁ&iis:ﬁﬁ x—r.:am.-:mu TaEN;

I
suns;lagggifinr‘ ﬁ'i"’ - N1
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JEI%E?LEIII ] SKIP EDIT ("BIT EAP AFTER DROPSEL' ¢ PLEE-3BT)
i NEBIED;
#* PROCEDERE TO LIS EVENTS COVERED BY EXIGEBOREOOD =/
NGBEEPORT: PROC;
DEL !1; = is::tll TO BE =y
rllng* r:ilr:l TO KR %y

I risen lIIlJl}

FEIS = g;
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END;
/% PROCEDDRE TO WEITE AN BVENT LIST s/
PUTEVIS: PEOC (FE);
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FIXIE i
wo sx cL¥ N keez rom rommar =
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AJ7IMI - ¥EEsION 2

EDIT (WA

.I. FoT

TR L BT H A AR R LA R

!llil 0o

"Eawm lu '-[-l' F
SPECIFIED); ' "

L L E?EBTIIPI-?IT, BO(J)+VAL, V)=t iy,
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'
8301
b lllnllc
/% PROCEDORE T0 EXAC Giasi EVENT DATA #/
READG AN: FROC;:
DL lllk g n::cgtn FARIABLE WALOE #/

L
’illgzilalig I;: -:

Plfzg:aﬂaigii ﬁ ELENEET oF & .y
(1,3.8) FPIzEp srm(at;;
IE = g;

DO =0 7o &
PUT ez !l lﬁx!['czas: PV OLIST(E), ') ') (4,2 (2) ,4) ;2

LA
lﬂqdﬁrithJQQWHﬁlmnh"unn

#iii :*Ili}ICLlsa{Ill = QLIST(D :

Elllllﬂl 11:511:
50 I = l;,h{.llfl'l’l.l’., 1} = "T'I'
INEG;
¥0;
lln llllill

lﬂ l;; igliifGEEEiufi'{ Iﬂll FRER §;

/" PROCEDURE TO WRITE : NUBBER O

ASSIGUED STHBOL =/

BETOANS
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cou !I fﬁi'f 1 By LAEEERD)

: TALOE =y
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D ;
ENE win;
BLEA i END
Esrgkgggni:;! L itxn:z; LI T('SKLPPING TO NEXIT PROBLEA');
DO FHILE Jllinlu am tal
GEY SEIF EDIT :nranf (R{1));
ENE;
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STAT LEV BT AGTONI - VERSIOR 2

SO0BRE PELNE=>CV, K H
-= 554:1 TEEN &0 rE‘n:rlln:
= L-BPC;

é: n-r]: VEILE (FB15 > 0):

YAE !l :Jls's' TEEN DO;
nntu[ﬁoni;alp.srlvcxnl.

e P P P BP0 0 0 ol e i el kil

uns:n ILI =>CT, K, 1

£ 1; E kel
T = TR n: rni!; v L;

L AY # i

EIQII = SEWORK in

[ s s +ET}:
= TRANSLATE (PC
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{“EZ&E'E?_H-:"‘L; il "BRROR...';

LINE §| BNOB({EY,EI} I} "} "3

L1
] in%! OT SKIP LIS¥("PRCOVER RECEIVES ILLEGAL CODE');

B
, 120 TAE
1 ”rE? SR IR aidy AHL T
I 3= soBsTh I, LL);
1= Ill:tlttrlll:
ENDj3

ribhigryg El‘h"-‘ii‘ﬂuﬂ $530 RIHEmLL

UNIT COBRPLEL )
IL!I Eﬂ'.l' SKIF EDIT(* i,' I&I 1) (A);
PUT SKEIF;
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/* PEROCEDURE TO DETEERINE BIT POPOLATION COUNT */

rquEviTIOn S8E (5-STAT-H MELMSSTRRRCBRECY)

P e POLNIS 13) bee1Nc WEOSE BITS ARE COUNTED */
poB ¢% rnbuzatzul COONT */

sTis ‘- Euing g OFFSET AT VEICE COONT STARTS®/
Frish ain (1

I FIIED BIN(31);

B e bl do ey
= FOP + }i{fniﬁi.
}fHEEP Iaftdn;
/ PEOCEDORE TO BEAD VECTOR EVENT DATL */
READVEC: FEOC;
1183 & 0 DCL IE /% l!!li gasER */
e ﬁx bt przsnr or E +/

L] {' 'H.iiI.BLI HOABER ON OUTPUT LINE */
IED BIN(3T),
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1§§ $ ] EE! SIIqtiL iiIit'CLlss F("LOLIST(E]} ") ") (ReP(2) 005
11 4 2 ir Pt Eazr 1 s:za EDIT('EVENT §0.',I,'=')
1 i ]'_Eci 311'11'
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On pages 61 and 62 the actual input stream for four

A complete description of the four

problems along with interpretations of the results will
be found in [Stepp 797.

ten traine each train congisting of 3 to

The first problem is called TRAINS.

5 cars, There

are 26 variables defined as follows,

Six

number of cars

no. wheels on car 1
no. wheels on car 2
no. wheels on car 3
no. wheels on car 4
no. wheels on car 5

length of car
length of car
length of car
length of car
length of car
shape of car 1

U o

. Bhape of car 2

domaina are defined;
number of carsi 3 levels

no. wheels: 2 lsvels

length of car: 2 levels

shape of car: 10 levels

2 mixture of 0
a mixture of 3 4 §

1
;.

of car 3

of car 4

of car §

shape--car
shape-=car
shape--car
shape--car
shape--car
amount--car 1
amount--car 2
amount--car 3
amount--car 4
amount--car 5

shape
shape
shape
cargo
cargo
cargo
Cargo
cargo
cargo
cargo
cargo
cargo
cargo

W B B s

Q=
1=
2=5

O=2
1=3

O=short
l=long

cars
cars
cars

wheeals
wheeals

O=open rectangle
l=open trapazoid
2=U-ghaped
J=hexagon
b=ellipase
S5=double open rectangle
6=closed rectangle
7=jagged top
B=8loping top
9=locomotive

2 S=open top

8 9=closed top

The data represants
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APPENDIX II.

"Sample Input Stream
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Neighborhood judging criteria numbers 6 and 1 will be used
to select the best neighborhood during all 18 characterizations
performed. Using the ULIST parameter, the first 14
characterizations are made on one class of animale at a
time. MODE='FREE' eliminates the density threshold
constraint. The four characterizations which follow are
characterizations of all animals, without regard to the
input class categories. The first two of the four use

RANK and selector threshold to determine the degree of
generalization. The specifications RANK=3 ST=8  indicates
that complexes are to be composed of no more than 8
selectors and that neighborhoods are to be composed of
evente which differ from the seed event in no more than
three variables. The last two characterizations use RANK
and density threshold to determine the degree of general-
ization., In these characterizations, no complex is to

have a density less than «05.

In the four characterizations of all animals (the last
four) both disjoint and intersecting complexes are obtained
for comparison.

The output of the AQ7UNI program corresponding to the
input stream reproduced on the following pages is given
as Appendix III.
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cargo shape: U4 levels O=circle
1=hexagon
2=triangle
J=rectangle
cargo amount: 4 levels [0,3]

The ten events are divided into two classes, of 5 events
each. Judging criteria number 6 is to Dbe used, When the
value of a variable is unknown or not applicable (e.gs the
langth of car 5 for a train of 3 or 4 cars) the value -1
is given to represent this condition. The characterization
parameters for TRAINS are

MODE='APPROX' DT=1E-6 NGB=8 TYPE='DC’
which designate that disjoint complexes are to be produced
such that no complex has a density less than 10=6, The
gelection of best neighborhood is to be made from among 8
neighborhoods built around 8 different, randomly selected
sseds. Because the ULIST parameter is not specified, this
characterization will be of the union of the two input
classes--all ten events.

Skipping the relatively simple second and third
problems (BOTTLES and FACES), a few comments are directed
to problem four, called ANIMALS. The data describes 79
cute little animals (shown in figure 4), each represented
by values of 13 variables., The definitions of the variables
can ba found at the bottom of page 61. As shown in figure
3, the animals are initially broken into 14 classes. This

information is stated to the program in line 3 on page 62,
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APPENDIX III

Sample Output Listings
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(BTORYYRLI= () NavRET) {1omzon REd0=(5) 2avasI)
T ITTdRDD

(T TONVIOTE *S 10T m {e)zawnsT) (-awyax RE30=(5) RA¥HS )
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