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ABSTRACT

This report presents a comprehensive reference for using the program
CLUSTER/2 for constructing classifications of arbitrary objects. Specifically, given a
set of object descriptions (in the form of attribute-value pairs) the program structures
the objects into a hierarchy of classes. Each clasa is characterized by a conjunctive
description involving selected object attributes. Object descriptions and control
parameters are presented to the program in the form of relational tables. This document
containg the definitions of the relational table syntax and the values that can be
entered. Sample input and the corresponding program output generated by
CLUSTER/2 are discussed,
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1. Introduction

CLUSTER/2 is a program for automatically constructing conceptual classifications. It is the
successor to the program CLUSTER/PAF [1],[2]. CLUSTER/2 may be applied to 3 wide variety of
problem domains. Experimentation with the program has included varied practical problems such as
classifying Spanish folksongs [3], classifying microcomputers [4], and reconstructing soybean disease
categories [4]. Input to CLUSTER /2 consists of a set of attribute vectors, {one vector per input event),
definitions of the types of variables and their value sets, and a specification of the clustering quality
criterion. The program generates a classification bierarchy of the data events along with a conjunctive
description of each cluster at each level of the hierarchy. The program forms clusters that have a
conjunctive description and optimize the given criterion of clustering quality. The program forms both
clusters and their descriptions, and thus behaves guite unlike programs that implement conventional

numerical taxonomy techniques. The theoretical background for CLUSTER /2 can be found in [4] and [5].

2. Input fille content

CLUSTER/2 is run in batch mode. All parameters are provided from a single input file. The
program creates one output file which is a report of the obtained clusters along with optional trace
information which shows what alternative clusterings were considered while obtaining the final reported
solution.

The input daia are in the form of relational tables according to a standard symtax. A table
consists of three parts: a table-identifier that is composed of one of the predefined table names, a line of
column-headings (composed of predefined column names), and lines of data values arranged such that the
order of the data on each line matches the order of the column headings. Rather than baving a
prescribed order, the order of the columns is determined by the order of the column-heading names. In
the example tables that follow, the columns are arranged in a convenient order. The user of CLUSTER /2
may freely permute the order of the columns in any table.

Data items in one line of a table are separated by "white space” which is one or more of the
characters: space, comma, exclamation point. There are three types of data values: integer, real, and
character. Each type has a required format which is described below. In the table definitions that follow,

the symbols <i>, <r>, and <c> will denote columns that take integer, real, and character data,



respectively. These editorial symbols are not placed in the input file.

Some tables have default values which are used whenever a column is absent or when a row
contains no value in a particular column, Since the relational table syntax uses no pumctuation (just
white space), a "place holder” symbol must be used whenever a value in a row is missing. The place

holder symbols are '$’ and 'Y, meaning "not applicable” and "unknown"”, respectively.

2.1. Integer data values

Integer data are entered as a signed integer number such as 10 or -3. For very large integers,
scientific notation may be used in the following form: <(sign>><mantissa> E <exponent>. Examples
of the scientific form are 1E6 {one million) and -2.3E7 (-23 million). In the scientific form, the given value
must be integer after the application of the exponent. If a non-integer value is entered, an error message

is produced and the program terminates.

2.2. Real data values

Real data are entered using any of the forms provided for integer data and also forms that have

fractional parts, such as 2.3 and -3.487E2.

2.3, Character data values

Character data may be entered several ways. When only a single word is to be entered it may be
written without surrounding quote marks provided that the word contains no "white space™ characters
and does not begin with $ or 7. For example, the character data values RED and BLUE may be entered
this way. Character data may also be enclosed either by ™ or by *. The same quote character must both
begin and end the character string. The other quote character may be used within the string. Character
string data may be up to B0 characters long though some parameters receive their value from only the
first character or the first 10 characters in the string. The following strings are legal.

onewordwithoutwhilespace

"A string containing 'apostrophe’ characters”
'A string containing "quote™ characters’



3. Relational table formats

3.1. Title table
The "title” table is used to provide the caption for the data analysis experiment. The title lines
are written at the top of the output report. A sample title table is shown below. The word entered under

"TYPE" is ignored in the present implementation. You may enter as many lines of title data as you

want,
TITLE {table identifier}

TYPE TEXT {column-headings}

<e> <c> {editorial symbols denoting data type)
MAIN "ANALYSIS OF DISEASE DATA" {1st data row}

SUBTITLE "CHARCOAL ROT AND ROOT ROT" {2nd data row}

CLUSTER/2 is initialized so that it is prepared to receive rows of the TITLE table without the need to
give the table-identifier and the column headings {as il the table identifier and column-headings of the
TITLE table had already been read in). This feature allows the.input file to begin with the first title data
line itself but also allows for the complete entry of the TITLE table exactly as given above. An input file
that begins as shown below utilizes the implied definition of the TITLE table.
MAIN "THIS IS5 MY MAIN-TITLE™
SUB "THIS 1S MY SUB-TITLE"
3.2. Parameters table

The PARAMETERS table indicates what you want CLUSTER/2 to do. This table must precede
all other tables except TITLE. Each line of the PARAMETERS table requests a full iteration of the
clustering algorithm, specifying possibly different cluster organizations (e.g., hierarchical or flat), numbers
of clusters, and clustering criterion values, ete. Two simple PARAMETERS tables are shown below.

They both rely on default settings for almost all parameters,

PARAMETERS
K CRITERION

<i> <c> {This table implies a flat (one-level) cluster organization
3 ALFHA and asks for two such clusterings, one with 3 clusters and
4 ALFPHA one with 4 clusters. The user must define the "ALPHA™

clustering quality criterion (see section 3.3).}



PARAMETERS
COVERTYPE CRITERION {This table requests a hierarchical cluster organization.
<e> <e> CLUSTER/2 will build a classification hierarchy using
HIERARCHICAL Q23 the clustering quality criterion "Q23" (which must be

further defined). The number of clusters formed at each
level of the hierarchy will be in the default range of 2 to
4 clusters and no further partitioning will be done for
clusters that contain no more than 4 events.}

The PARAMETERS table has many other columns which are optional. The following table

shows all columns that are available along with the default values for each column.

PARAMETERS

K MIME MK CRITERION THACE Hi1 Bl HI  INITMETBOD NIDSFEED OOVERTYPE BASE FROBE MAXHEICHT MINSIIE BETA
£l Lim i e <e» €l i i <al e L ] <ix <ix <i> <i> <z
L] ] 4 ALPHA CFF ] ] ] RANDOM FAST DISJOINT 1 x i1 ] 4 1.0

The editorial symbols denoting type (e.g., <i>, <c3>) are not part of the table and are never written in
the input. The table can contain as many lines of data as desired. The columns are defined below.

BASE BASE and PROBE control the clustering stopping criterion. For each number of
clusters considered in finding a solution, CLUSTER /2 always forms BASE number of
clusterings. Then PROBE more clusterings are generated (see PROBE below). If
any of the PROBE number of clusterings is better than any previous clustering the
better cluster description is remembered and another PROBE number of clusterings
are generated. The algorithm works such that for each clustering a unique set of seed
events is selected. When PROBE clusterings are generated without producing one
that is better than a previously obtained one, the algorithm stops and reports the
descriptions of the BASE number of best clusterings that were obtained. Increasing
BASE increases the number of alternative clusterings that are reported.

BETA BETA specifies the relative importance of good fit of the cluster descriptions to the
data for different numbers of clusters formed. The system chooses the optimized
number of clusters by measuring the fit multiplied by the number of clusters raised to
the BETA power. This measure has been denoted 5 and is defined:

S == sparseness x k'ﬂ

where sparseness is the measure of fit and k is the number of clusters. The optimal
clustering is the one with the minimum value of 5. Increasing BETA increases
improvement of fit demanded for greater numbers of clusters (i.e., it tends to cause
CLUSTER/2 to select clusterings with fewer clusters).

COVERTYFE COVERTYPE specifies the desired organization of clusters. The specification
DISJOINT causes the generation of a "fat,” single-level clustering having a particular
number of clusters, or the optimized number selected from a specified range.
DISJOINT clusters do not overlap; each input event occurs in at most one cluster.
The specification INTERSECTING causes the generation of a "flat,” single-level
clustering but with clusters that may intersect. This feature is not present in the
current implementation. The specification HIERARCHICAL causes the generation of
a multi-level hierarchy of clusters. The clustering algorithm is applied recursively to
clusters formed until either the hierarchy contains a number of levels equal to
parameter MAXHEIGHT or the cluster to be partitioned fails to have more than



CRITERION

H1

H3

INITMETHOD

MINK
MAXHEIGHT

MINSIZE

NIDSPEED

MINSIZE number of events,

CRITERION specifies the name of the relational table defining a criterion of
clustering quality. Such tables are described in section 3.3.

Parameters Hl to H3 control search heuristics. If these parameters are set to
“infinity” (this cannot actually be done) then the results of the search for the best
clustering are absolutely optimal. Since only trivial problems can be handled in this
manner, given the combinatorial explosion that occurs, H1 to H3 are assigned small
values and the heuristic search process yields a good, optimized solution but one that
is not necessarily optimal. H1 specifies the number of potential cluster descriptions
maintained during the process of generating alternative cluster descriptions. In terms
of the clustering algorithm (see [4]), H1 gives the number of complexes kept in each
partial star. Increasing H1 causes more descriptions to be considered. Values greater
than 10 are usually unwarranted, as they do not generally yield an improved solution.

Parameter H2 specifies the maximum number of potential cluster descriptions
produced for each cluster. The actual number maintained may be smaller than H2
since the search tree is tapered on one side and has fewer alternative solutions. In
terms of the clustering algorithm, H2 gives the maximum number of complexes in a
completed star. The affects of H2 are similar to those of H1, Typical values are also
less than 10.

Parameter H3 controls the persistence of the search for optimized clusterings. The
method inspects clusterings according to their Path-Rank-Order [4]. When the
number of successively ordered clusterings inspected without finding a new, most
optimized clustering reaches H3, the search terminates. Increasing H3 extends the
search, possibly enabling it to find better results.

INITMETHOD specifies the technique to be used to select the first seed events. In
the current implementation, the only value allowed is RANDOM.

K specifies the desired number of clusters. The value given for K is placed into both
MINK and MAXK (see below).

MAXK specifies the maximum number of clusters to form when generating a
clustering. The algorithm tries clusterings containing a number of clusters ran ging
from MINK to MAXK,

MINK specifies the minimum number of clusters to form.
MAXHEIGHT specifies the maximum allowed height of a cluster hierarchy.

MINSIZE specifies the minimum size (in terms of number of events) of a cluster that
is subject to recursive clustering into smaller parts. Ouoly clusters that contain more
than MINSIZE number of events are further partitioned.

NIDSPEED specifies the technique used to make Noo-disjoint clusters Into Disjoint
ones. The value FAST causes CLUSTER /2 to use seed events as well as previously
determined cluster descriptions to form an "against set” for building alternative
cluster descriptions for clusters. This improves the speed of the program but places
high weight on the clusters that happen to be formed first. This may lead to less-
optimized results. The value SLOW causes CLUSTER /2 to use a cluster-adjusting
algorithm (NID) whenever the clusters created using only seed events as the "against
set” intersect one another. The clusier-adjustment algorithm adds to the solution



PROBE

TRACE

PRINT

time but the clusters are not weighted according to the order in which they are
formed and can be more optimized.

PROBE controls the persistence of the cluster formation process. The system forms a
candidate clustering and compares it (according to the clustering quality criterion) to
previously generated clusterings. The system performs PROBE number of such
cycles looking for a better clustering. Each time such a clustering is found, another
PROBE cycles are performed until PROBE pumber of successive cycles fails to find
an improved solution. The algorithm also halts if all combinations of events have
been considered as seeds. Increasing PROBE permits the program to explere more
combinations of seed events and may permit the program to discover better
clusterings.

The TRACE column controls the generation of intermediate clustering descriptions in
the output report file. The value of OFF limits output to just the final cluster
descriptions. The value ON requests the output of supplemental descriptions for each
intermediate clustering that is produced.

The PRINT column may be defined in lieu of the TRACE column. The values
entered under the PRINT column explicitly control the printout contents. The value
given is a single character string composed of the letters A CE I NP, T,V. Except for
letter T, the order of the letters is unimportant. The letter I controls the printing of
intermediate results and is totally equivalent to the ON setting of the TRACE option
(above). If letter [ is not present im a particular row of the PARAMETERS table,
that part of the run is made with no printing of intermediate results. Each letter
activates a different type of printout during the running of CLUSTER/2. If the
PARAMETERS table contains many rows of data, the system proceases the values in
the PRINT column as a single specification, as if they were concatenated to form a
single string of letters. Each letter has the following meaning:

A - enable all print functions

C - print the input -CRITERION tables

E - print the input EVENTS table

I - print intermediate results

N - priot the input -NAMES, -ONAMES, -STRUCTURE tables
P - print the PARAMETERS table

T - print the TITLE table ONLY; this negates all other options
V - print the DOMAINS and VARIABLES tables

The initial setting is PC which normally prints PARAMETERS and -CRITERION
tables. Giving a value such as E (or CPE) adds to the current print option the
request to print the EVENTS table. All options except T are additive; T cancels all
optional printout except for the TITLE data. The value TE first eliminates the
current (PC default) option and then establishes just the E option, causing only the
EVENTS table to be printed with the TITLE data that is always printed.

The PARAMETERS table directs the work performed by CLUSTER/2. Amy combination of

parameter values that is to be performed is entered as a separate row. The clustering algorithm is

repeated for each row, using the parameters given on that row,



3.3. Criterlon table

The -CRITERION table form may appear more than once in the input file. Each occurrence is
given a unique name which consists of a specific part followed by a general part (-CRITERION). There
must be a -CRITERION table for each name specified in the CRITERION column of the
PARAMETERS table. From the previous PARAMETERS examples the table ALPHA-CRITERION and
possibly the table Q23-CRITERION would need to be entered, depending on which names (ALPHA or
Q23 or others) were used in the PARAMETERS table. Either one of the following two tables could be

used to define the "ALPHA" criterion.

ALPHA-CRITERION ALPHA-CRITERION
# CRIT# TOL # CRITERION TOL
<i> <i= <r> <i> <ec> <r>
1 8 0.3 1 PSPARSENESS 0.3
2 2 0.0 2 DISJOINTNESS 0.0
# The program applies the elementary evaluation criteria in a user-defined order. The

column # specifies the order of application of the elementary criteria specified in the
CRIT column. The numbers in the # column must be in numerical order, starting
with 1.

CRIT# Either the CRIT# column or the CRITERION column is used to specify which
elementary criterion is applied. If the CRIT# column is used, the criteria must be
indicated by criterion number. If the CRITERION ecolumn is used, the criteria must
be indicated by criterion name. The elementary criterion numbers may be taken
from the following definitions (see sec. 3.3.1). The elementary criteria are combined
according to the values specified in the -CRITERION table to form the
Lericographical Evaluation Functional (LEF) [5] used to evaluate the clustering

quality.

CRITERION The CRITERION column may be used in lieu of the CRIT# column. When using
CRITERION, the elementary criteria are identified by name, rather than by number
(see sec 3.3.1).

TOL TOL is a positive real number, normally less than or equal to 1.0. If TOL is larger

than 1.0, it is an absolute tolerance. When evaluating the LEF, clusterings within
this amount of the best one are judged to be equivalent. If TOL is less than or equal
to 1.0, the tolerance is taken as the indicated fraction of the difference between the
best and worst clustering scores for the elementary criterion. For example, with TOL
set to 0.3 then clusterings scoring within 30% of the best clustering (on a scale from
the best score to the worst score) are judged to be equivalent. A TOL of 1.0 caunses
all clusterings to be judged the same; a TOL of 0.0 causes no clusterings to be judged
the same unless their scores are absolutely identical.



TOLERANCE TOLERANCE is a synonym for TOL.

3.3.1. Elementary criteria available in CLUSTER/2

The following criteria are defined in CLUSTER/2. These criteria are component parts of a user-
specified Lexicographical Functional with tolerances (LEF) [5]. They are specified in a -CRITERION
table by their index number or name. CLUSTER/2 optimizes the gemerated clusterings by favoring
clusters whose descriptions have the lowest scores for the elementary criteria specified in the LEF. If a
negative elementary criteria index is given, or if "-" is placed directly in front of the name, the negative
of the score is used. As CLUSTER/2 favors clusters with deseriptions that have the lowest negatives, the
effect is the same as favoring clusters whose descriptions have the highest scores.

The elementary criteria are presented in order by criterion index number. The "input
specification” annotation gives the keyword used in the CRITERION column. Only the unique part of

the name (capitalized) need be entered.
1. Sparseness (input specification: SParseness)

The sparseness of clustering is the sum of the sparsenesses of the complexes which comprise the clustering.
The sparseness of a complex is the number of events it covers which are not given in the input data.
Such events are called "unobserved™ events. The sparseness is computed by calculating the "area™ of the
complex and subtracting from it the number of points which correspond to given (observed) events. The
"area” of a complex is the number of points (each corresponding to a possible event) in the subset of the
event space covered by the complex.

Example: Suppose that complex [x,==2,4][x;==4..7| covers 4 observed events.

(assume the variables are X1 Xgu Xg, and that the domain of X, contains 3 values)

The "area™ of the complex is the product of the numbers of values in the references for each variable, In
this example, area = 2x 3 x 4 = 24 (2 values for x; 3 values for X,—its entire domain, 4 values for xs}.

The sparseness of this complex is "area” - #observed events or 24-4=20,

2. Disjointness (input specification: DISjointness)



The disjointness (degree of intersection) of a clustering is the sum of the degrees of intersection of each
pair of complexes in the clustering. The degree of intersection of two complexes is the total pumber of
selectors that involve the same variable and have intersecting reference sets. The following example

involves three variables x ., x,,, x.,.
1 - 3

Example: ay: [x)=1.3][x,=4]
ay [x,=2.5][x,=2|

ay: [x 1 =4]lx,=3][x,=1]

The degree of intersection of complex a with a, is 4 because the references used with variable Xy in each
complex contain intersecting values and the selectors omitted for Xq also intersect (a "dropped” selector is
equivalent to one with all possible domain values in the reference list). The degree of intersection of
complex a, with a, is 2 because two selectors (for x3} intersect. (In ay the missing selector for variable

Xg is presumed to have a reference set equal to the entire domain of 13}.
3. Number of events occurring in more than 1 complex (input specification: Multcov)

This criterion is for use only when considering intersecting clusters., It is not used im the current

implementation.
4. Balance (input specification: Balance)

This criterion measures the unevenness in the cluster populations. It is the sum of the deviations from
uniform distribution of observed events in each complex. For one complex, this deviation is caleulated as
the absolute value of the difference between the actual number of observed events covered and 1/k of the

total number of the observed events, where k is the number of complexes (clusters).

5. Commonality (input specification: Commonality)

This criterion measures the number of common attributes in the cluster descriptions by counting the
number of selectors in all clusters (dropped selectors are not counted). The negative of the number of

selectors is used in order to maximize the commonality by minimizing the numerical score.
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6. Dimensionality (input specification: DIMensjonality)

This criterion measures the number of variables which take on different values in every complex. The
number reported for each complex is the number of variables in the complex which occur in selectors in

all complexes of the clustering with mutually disjoint reference values.
7. Simplicity (input specification: SImplicity)

The simplicity of a clustering is the sum of the simplicities of all selectors contained in all complexes in
the clustering. The simplicity of one selector is the sum of the cost of the variable plus the cost of the
reference list. Variable costs are provided by the user via the VARIABLES table (see Sec. 3.4) or given
the default cost of 1. Reference list costs are computed according to the type of the domain. For
structured domains, the cost is 0. For linear domains, the cost is 0 if only one value occurs in the
reference list, otherwise the cost is 1. For nominal domains, the cost is the number of values in the

reference list minus 1.
8. Projected Sparseness (input specification: Psparseness)

Projected sparseness is calculated just like regular sparsemess, but only some of the dimensions of the
event space are considered. When calculating the "area” used in calculating projected sparseness, only
the variables which are present (not dropped) in at least one complex of the clustering are considered.

This is equivalent to imagining that the domain sizes of all universally-dropped variables is just 1.
Example: Suppose that {x‘—E,i]'[x3=-l,.T] covers 4 observed events.

The factors used in computing the "area” of the complex depend, in part, on other complexes in the
clustering. If, for this example, the variable Xg has a domain containing 6 values and appears in a
selector in some cluster description then it is used to calculate the "area™ of the complex as follows:

"area” = 2x4x6
where 2 and 4 are the numbers of values in the reference lists for variables X and Xq respectively, and 6

is the number of levels in variable Xe.



The projected sparseness is then (2x4x6) - 4 = 44. Projected sparseness may be negative.

9. Number of exceptional events (input specification: Except)

Certain situations cause the formation of a clustering which fails to cover all the events. Any events not
covered are placed into an exceptions category, which is shown on the printout, Most elementary criteria
are applied to each cluster description (i.e., to each complex} and the sum over all cluster descriptions is
used to evaluate an entire clustering. The number of exceptional events criterion is an exception and is
applied only to the entire clustering. When applied to individual complexes, this criterion produces a

score of 0 since the exceptional events list is a property of a clustering, not an individual cluster,

3.4. Domains table

The DOMAINS table is used to define variable domains that are likely to apply to several
variables. Variables may be defined entirely with a VARIABLES table (described next) or with the help
of the DOMAINS table. When many variables have exactly the same domain type and number of values,
it is more convenient to define the domain first, and then reference it in the VARIABLES table. A simple

domain definition table is shown below.

DOMAINS
NAME TYPE LEVELS
<c> <c> <i>
COLOR  NOM 4
SIZE LIN 3

NAME NAME specifies the name of the domain. In the sample table above, two different
domains are defined: color and size.

TYPE TYPE specifies the type of the domain. Only the first letter of the word given is
significant: N means nominal, L means linear, $ means structured. See the
discussion of TYPE below for further information.

LEVELS Levels gives the number of distinct values in the domain. If the number of levels is j,

the domain consists of the integer values from 0 to j-1.

An optional column COST may be used to indicate the cost of a variable having this domain.
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3.5. Varlables table
The VARIABLES table is used to describe the attribute variables used to describe each event. A

simple variables table is shown below.

VARIABLES

# TYPE LEVELS
<i> <> <i>

1 NOM 4

2 LIN 3

3 LIN 5

# The # column gives the variable ordinal. The above table defines the variables )(l,
}(2. and Xa. The ordinal values must be in ascending order, starting with 1.

TYPE TYPE apecifies the type of the domain of each variable. Only the first letter of the
word given under TYPE is significant. Nominal [or just N) denotes an unordered
qualitative domain. Linear (or just L) denotes an ordered quantitative domain.
Structured [or just S) denotes a tree-ordered (or graph-ordered) domain. If the
Structured domain type is specified, a -STRUCTURE table must be entered, see
below.

LEVELS LEVELS gives the number of distinct values in the domain. If the number of levels

iz j, CLUSTER/2 requires that the data values be integers from 0 up to j-1. The
event descriptions are entered as a vector of integers, one integer for each variable.
In printing the descriptions for each cluster, CLUSTER /2 refers to the variables as X1, X2, X3,
etc. The mame of the variable in the report cam be changed by adding a NAME column to the

VARIABLES table. The following table defines the variables SHAPE SIZE, WEIGHT.

VARIABLES
# TYPE LEVELS NAME
<i> <c> <i> <c>
1 NOM 4 SHAPE
2 LIN 3 SIZE
3 LIN 5 WEIGHT

Another optional column is COST which can accept any real value. COST is used in calculating the score
for elementary criterion number 7, the "simplicity™ of a cluster description. If the COST column is not
entered, all variables have the default cost of 1.

To indicate that a variable has a domain identical to a predefined domain (defined via the
DOMAINS table) the name of the variable is entered in a special way (this requires that the NAME
column be present in the VARIABLES table). The name is entered as < variablename>>-

<domainname>, i.e., as one character string composed of the desired variable name, a hyphen, and a
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domain name that was defined in the DOMAINS table. When this is done, the TYPE, LEVELS, and
COST for the variable are taken from the domain definition regardless of whether specified in the
VARIABLES table. If any defined domain has associated -NAMES, -ONAMES, or -STRUCTURE tables

(all described below) then these tables must precede the VARIABLES table.

3.8. Events table

The EVENTS table holds the attribute vectors for all objects or situations being studied. Each
object or situation is defined by one row of integer values (subsequent sections tell how to handle symbolic
attribute values). Each attribute value must be placed in its corresponding column and must be in the
range from O up to LEVELS-1, where LEVELS denotes the number of levels for that attribute as specified
in the VARIABLES table. The headings for the EVENTS table are the names of the variables, If the
variables are defined without the NAME column option, the variable names are of the form Xn, where o
is the variable ordinal (e.g., X1). If the variable is defined with the NAME column, the given name is
used without any hyphen or domain name part (e.g., SHAPE). The following EVENTS table shows the

form used with variables that are not given a NAME.

EVENTS
# X1 X2 X3
<i> <i> <i> <i>
1 1] 1 1
2 2 1 0
3 1 3 3
4 1 2 3

The same table must be entered in the following form if the variables are given names. The heading

keywords must match the values from the NAME column of the VARIABLES table (they need not be in

the same order).

EVENTS

# SHAPE S1ZE WEIGHT
<i> <i> <i> <i>

1 0 1 1

2 32 1 (1]

3 1 3 3

4 1 2 3

The # column gives the event number. The values in this column must be in sequence and must begin

with the value 1.
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When working with events described by very long attribute vectors, the number of columns in the
event table (one column per attribute} may make the tables unmanageably wide. CLUSTER /2 permits
such tables to be split into left and right halves (or left, middle, right, etc.). To make use of this feature,
the EVENTS table is specified several times, with different column-headings (for different variables) used
in each EVENTS table. (Each table contains the # column). All of the separate EVENTS tables must
have the same number of rows and the rows must be in exactly the same order. CLUSTER/2 collects the
values from the ith row of each table into the attribute description of the ith event.

The optional column WT my be entered to provide a weight for each event. The weight may be
used to indicate the relative frequency of observation of the event. The use of weighted events alters the
calculation of sparseness. Each observed event counts according to its weight, so a complex with an
Tarea” of 4 and covering 2 observed events receives a sparseness of 4 minus the combined weights of the
covered events. With large weights, the sparseness calculation may produce negative values (this causes
no problems). Negative sparseness should be interpreted as a measure of ft something like weight

depsity. The more weight of covered events, the more negative the sparseness.

3.7. Names table

A -NAMES table may be entered for any variable or domain definition. The specific part of the
table name is the name of the variable (either Xn form or as given in the NAMES column of the
VARIAELES table) or domain. The -NAMES table specifies a symbolic name to be used in lieu of the
integer variable value in both the reported cluster descriptions and the inpul of the event data (i.e., values

for this variable in on EVENTS table must be symbolic rather than integer). The -NAMES table is

illustrated below,

SHAPE-NAMES
VALUE NAME

<i> <c>
0 SQUARE
1 RECTANGLE
2 CIRCLE
3 OVAL

For linearly ordered variables and domains, the VALUE integer establishes the ordering of symbols within

the domain. If a single value denotes a range of observed features (e.g., the value 3 denotes a temperature
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in the range from 68 to 72) the name should be written "lowname..highname™ (e.g., "68.72"). The use of
the .. range indicator allows CLUSTER /2 to combine names appropriately when reporting an interval

value of a linearly ordered variable.

3.8. Onames table

The -ONAMES table may be entered in liew of a -NAMES table. The -ONAMES table specifies
output-only names for the integer values of the domain of the variable. If the input data is numerical, an
-ONAMES table will allow the output to be symbolic while the input remains numerical. (Using the
-NAMES table requires the input to be symbolic rather than numerical.) An -ONAMES table contains the

same columns as a -NAMES table.

3.9. Structure table

Variables that are defined as Structured TYPE have a tree-structured (or .graph-sr.ructured]
domain. The LEVELS value given in the VARIABLES table (or DOMAINS table) refers to the number
of discrete leaf values in the tree (or graph). Higher-order node values (generalized values of the variahle)
are defined by the -STRUCTURE table. The specific part of the table name is the name of the variable
{either the Xn form or as given in the NAME column of the VARIABLES table).

The -STRUCTURE table takes two forms, depending on the use of an associated -NAMES table.

If no -NAMES table is used for the variable, the -STRUCTURE table looks like this:

SHAPE- STRUCTURE

VALUE SUBVALUE (SUBVALUE) (SUBVALUE)
<i> <i> <i> <i>
4 2 3
5 0 1

The VALUE columns and the first SUBVALUE column are required. Additiona! SUBVALUE columns
may be used by including SUBVALUE several times in the column-heading list. (In the above illustration
the parenthesis around SUBVALUE denotes that the column is optional. The parenthesis is not used in
the input file.] For each row in the -STRUCTURE table, the value in the VALUE column is defined as
the parent of the values in the SUBVALUE columns. Thus each row of the -STRUCTURE table is
defining one (or more) links in the tree-structured domain. Any nodes or leal values that have no

explicitly defined parent are implicitly parented by the root of the tree. The values that occur under
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VALUE must be greater than any regular (leal) value for the variable. If the LEVELS column of the
VARIABLES table specifies j levels, the leal values in the domain are denoted by values from 0 to j-1,
and the values j, j+ 1, j+ 2, ... could appear in the VALUE column of the -STRUCTURE table to denote
generalized domain values. In the example above, the variable SHAPE has four levels (values 0 to 3).
Two new values (4 and 5) are defined as generalizations of values 2 and 3 and values 0 and 1, respectively.

If a -NAMES table is given for the variable (the -NAMES table must precede the -STRUCTURE

table for the same variable) the following form of the -STRUCTURE table is to be used.

SHAPE- STRUCTURE Shape

NAME SUBNAME SUBNAME

<c> <e> <c> 4-Sided Circular
4-SIDED SQUARE RECTANGLE /\

CIRCULAR CIRCLE OVAL Square Rectapgle Circle Oval

The tree on the right illustrates the semantics of this -STRUCTURE table. This latter form of the
-STRUCTURE table has all the options of the previous form, but with symbolic (character data) names
for all values. The names given to the defined generalized domain values must be unique among all
names (including leaf names) in the same domain.

If a generalized value must be the parent to a great number of subvalues (or subnames) the table
may become unmanageable. In such cases it is permitted to repeat the VALUE (or NAME) entry on
adjacent lines, giving part of the subvalue (subname) list on each line. CLUSTER/2 merges the

definitions together into one specification of a generalized value for all of the subvalues mentioned.

4. A sample Input file
The following sample input file makes use of the relational table forms described above. Some

comments about the interpretation of this example are given below.

MAINTITLE "MICROCOMPUTERS™

PARAMETERS
K TRACE CRITERION NIDSPEED COVERTYPE
2 oM Ds SLOW DISJOINT

$ OFF FC FAST HIERARCHICAL



DS-CRITERION

# CRITERION TOLERANCE
1 DIs 0.3
2 CoM 0.0
3 FSPARS 0.0

FC-CRITER 1ON

# CRITERION TOLERANCE
1 PSPARS 0.3
2 SIM 0.0
VARIARLES
# NAME TYPE LEVELS
1 MP STR 13
2 RAM LIN 4
3 ROM LIN 7
4 DISP 5TR 4
5 KEYS LIN 5
MP - NAMES
VALUE NAME
0 S0B0A
1 6502
2 280
3 1802
4 6502C
5 6502A
6 68000
7 6800
8 6805
g 6809
10 8048
11 Z8000
12 HP
MP - STRUCTURE
NAME SUBNAME SUBNAME SUBNAME SUBNAME
6502X 6502 6502C 65024 $
B0B0X B080A Z80 8048 $
8BIT 6502X B0B80X 1802 6800
8BIT 6805 68090 $ $
16BIT 68000 Zgooo HP $
RAM-ONAMES
VALUE NAME
0 16K
1 32K
2 48K
3 64K



ROM- ONAME §
VALUE NAME

0 1K

1 4K

2 8K

3 10K

4 11K..16K

5 26K

6 80K
DISP-ONAMES
VALUE NAME

0  TERMINAL

1 "B/W_TV"

2  "COLOR_TV"

3  BUILT-IN

Display Type (DISP)
DISP- STRUCTURE
NAME VALUE SUBVALUE SUBVALUE L3
TV 4 1 2 /\
TEEMINAL B/W_TV COLOR_TV BUILT-IN
KEYS - ONAMES
VALUE NAME
52
53..56
57..63
64..73
02

e G0 B e D

EVENTS
MP R
6502
6502
6502A
Z80
20B0A
780
HP
Z80
6502
6502C
Z80

12 280
<end of file>

ROM DISP KEYS
2

[ =
- 00 =) oo b Lo kD = e
NMHHW#WWMHMN;
—

L S S e e R N R R A

i i 03 QO b OB D o= e OO
L= T R e R ]

The tables used in the above file are PARAMETERS, DS-CRITERION, FC-CRITERION, VARIABLES,
MP-NAMES, MP-STRUCTURE, RAM-NAMES, ROM-NAMES, DISP-NAMES, DISP-STRUCTURE,
KEYS-NAMES, and EVENTS. The entire clustering algorithm is to be performed two times (because

there are two rows in the PARAMETERS table). The two different user-defined criterion names (DS and



FC) bave -CRITERION tables which define the elementary criteria used. The variables MP, RAM,
ROM, DISP, and KEYS have names associated with the integer data values. There is a -NAMES table
for each variable. The variables MP and DISP have structured domains. There is a -STRUCTURE table
for each of these two variables.

The table MP-STRUCTURE presents a graph-structured domain in which the generalized values
6502x (members of the 6502 family of microprocessors), 8080x, 8bit, and 16bit are defined. The inset

shows the graph-siructured domain of the DISP variable as defined by the DISP-STRUCTURE table.

5. Program output corresponding to sample Input file

The beginning of the output listing shows the PARAMETERS table and the two -CRITERION
tables. Since the PARAMETERS table contains two data rows, the CLUSTER/2 program will be
invoked twice, once for k=2 for a "Bat” clustering, and once for a hierarchical clustering in which the
best k in the range 2 to 4 will be determined {using the default beta value of 3.0). Parts of the remaining
listing that are of particular interest have been marked with circled numbers on the right-hand side.

Location "17 in the listing marks the beginning of the first clustering, which is identified as
“experiment 1." The criterion applied is "ds” as defined by the DS-CRITERION table. The number of
clusters is set (by the user) to 2. Because the trace mode is on (see first data row of the PARAMETERS
table), each clustering that is formed is described in the listing under the heading “intermediate results..”.
The column "iter™ gives the clustering iteration number while the column ™eplx#” gives the number of
each cluster formed (here, only two clusters will be formed). Under the column "vi-rule” is the description
of the cluster using the names specified in the various -NAMES tables. In iteration 1, the first cluster
consists of microcomputer systems that use an 8bit microprocessor (mp), that have 32K to 48K of ram,
that have 10K to 16K of rom, that use a TV for a display device, and that have 52 to 56 keys on their
keyboards. The column "events covered” indicates that this first cluster covers input events (rows in the
EVENTS table) numbered 1, 9, 10, and 11. The "costs” columns show the scores obtained by each cluster
on the elementary criteria in the criterion of clustering quality defined by the -CRITERION table for the

"ds” criterion. A "totals™ row on the listing shows the total scores for the entire clustering.



When clustering quality improvement ceases, CLUSTER /2 reports the best clusterings obtained.
For the "experiment 17 this report is at location "2" in the listing. Because the default value for BASE is
used (see PARAMETERS table), two alternative clusterings are shown, with the best one listed first.
Since the first experiment specified k=2 and a disjoint (fat) cover type, the processing for experiment 1 is
complete.

Location "3" marks the beginning of "experiment 2" which uses a different clustering quality
criterion (called "fc” by the user). In experiment 2, a hierarchical clustering will be generated, with k
determined by the program upon considering clusterings with k ranging from 2 to 4. The trace option is
off for experiment 2, so only the best clusterings appear on the listing. (See the second line of the
PARAMETERS table for these parameter settings).

The microcomputers are first clustered into two categories. Then, at locations "4” and 5" in the
listing, they are clustered into three and four categories, respectively. At location "6” in the listing, the
best value of k is determined by comparing the "S-scores™ for each of the clusterings for k=2 to k=4.
The S-score is the sparsepess multiplied by k raised to the beta power. In this example, beta has the
default value of 3.0, For experiment 2, the best top-level clustering in the cluster hierarchy iz the one
obtained with k=23. Its description is shown at location "6".

Of the three clusters formed at the top level of the hierarchy, one contains just z single event and
undergoes mo further partitioning. The other clusters contain 5 and 6 events, respeciively. The events in
the first cluster of the top level of the hierarchy are further clustered, leading to the final result shown at
location "7". The best value for k for this second-level clustering was 3. The clusters are too small

(number of events not above parameter minsize) to be partitioned any further.

Following location "7", the output is shown for the clustering of the second first-level cluster.
The final results for this second-level clustering is shown at location "8” in the listing. With beta set to

3.0, the best clustering is with k==4.
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CUtput from CORJUNCTlVE concepiual clusterlsg program cluster/2 last upgrade: 11/10/83

parmlhar_s

mink maxk  irace Al B2 h3 initnethod nidspeed covertype criterion base prote beta maxhelght minsize
2 2 on 3 2 3 randon slow disjoint ds 2 2 3.0 4

2 4 off 3 2 3 randca fast  hierarehial fe¢ 2 2 3.0 ] 4
ds-criterion

# critericm tolerance

1 dis 0.30

2 com .00

a pspars e.00

fe-criterion
L critericn  toleracce

1 eXCept 0.00
2 papars g.30
3 Eim o009
variables
F  type levaels OS5t hake
1 srrosnared 13 1 mp
2 lizear 4 1 ram
3 linear T i rom
4 structured 4 i disp
& linear 3 1 keys
'IIP"DIII!
value  basme
e} BOE0a
1 8502
2 zB0
a 1802
4 B8502e
5 6302a
-] 28000
T -1: [ ]
A G8CE
a 6839
L] Bog8
11 8000
12 kp
Bp-Structurs
valus mpams subnane Subnane Subname
13 &s502x BEQ2 B502¢ 8502a
14 B0AOXT BO80a 280 Bo48
15 Bbit BO&0a €502 zBO
15 Bbit - 1802 &502¢ 8502a
i5 Bbit 6800 EB0E 8809
i3 Bbit 8248 3 5
18 16bit BE000 ZBOOD bp

TAR-OnAmes
value naze

o 16k
b 32k
2 48k
3 117 4

rof-cnames
valus LaEe

+] 1k

1 4k

2 =14

3 10k

4 1lk. . 16k

5 26k

8 Blk

disp-onames

walus Eame

[+] terminal

i Biw v

2 colir_tv

3 built=in



digp-gtruciure
value Tname subname subnaze
4 v b/w_tw color_t¥
KeF5-CcNands
valug nama
Q 62
i 63 BB
2 BT. .83
3 64, .73
4 92
aventLs
"B Tam TOm dis ku;n
1 Bsoz amx 10K coler_w¥ B
2 &502 48k 10K color_tv BT..63
3 &582a 32k 1lk..18k eoler v E4..73
4 zBO 48k 4k biw t¥ BT . .63
B BOSCa 64k Lk buiTt-in 64,.73
& 80 G4k Bk built-in &4..73
T hp 32k &0k built-in B2
a B0 B4k Bk terminal E7. .83
g 6502 32k 10k BiW_tw 53..586
16 6502c 4Bk 10k b/u_ty  B3..58
11 z80 48k 1ik..L18k b/ tv B3. .58
12 z80 48k 11k, .18k Builo-im 64..73

microconputers

--;g-.u.-x-t-t-t-t--lilcIsu*-*-tttiillI'*i*!*i*ﬂ*itlll"IOSKS*It-!'

expariment 1. k=2, criterion=ds

interaedliate resultis.. 1
iter/cplxs  vl-rule Segd -----m———= = @QgLE==mmmm=m===== gYANLE cOVeTed
dis con pERArs
1 1 [mp=ﬂ':1|:.% [ram=32k. . 48%] [rom=10% .15%k] 1 4 ] 156 1,9,1C,11
[disp=sv] [Xeys=E2 . .66]
1 2 [mp<>1802] [ram=22k..64k] [keys=57. .82] F] 4 -3 apig 2,3,4.5.8,7.8,12
i totals a8 =8 172
(760 nsl
2 1 [npe>8080x] [ram=32k..48k] [rom=10k. .80k] g 4 =4 1194 1,2,3.7,9.10
;413 <rrarminal]
] 2 [mp=e080x] [ran=48k. . E4k] [rom=tk. . 16%] 12 4 =5 264 4,5.6,8,11,12
{digperenlor_tv] [keys=53, .73]
2 Latals -] -8 1458
{28040 ms)
3 i Emp-nsnso:l [rap=32k . 48k) [rom=10k. .B0k] 2 4 -4 1194 1.2.3.7.9.10
dispe>tarninall
3 2 [mp=8080x] [ram=48k. 64k] [rom=1k..16k) B 4 -5 264 4,5.6.8.11,12
[digp<scolor_tw] (keys=E3..73]
3 totals - B -9 14568
(2300 ms)
4 {  [mp=tp] [ran=32k] (rom=80k] T 2 -6 o7
\d15n=nu11=—1nl[k-;s=92{
4 z l:'np=Hb1|:.] [ram=32k " &4k] [rom=1k. . 18k] 11 2 -4 2382 1,2,3,4,6.8,8,9,10,11,12
{keys=52..73]
4 totals 4 -8 2385
(2217 ms)
B 1 [nq;:hp] [ram=32k] [rem=00k] T 2 -B eT
[a sg=billt-ln][lijs=92]
B 2 [mp=Bbit] [ram=32k. Gdk] [rom=1k. . 18k%] 4 2 =4 2389 1,2,3.4.6,6,8,9,10,11,12
[keys=52..73]
B totals 4 -9 2389
(2288 as)
6 L [mp=tp] [ram=32k] [rem=80k] ? 2 -6 07
Edls =bu1lt-1n) [Keys=92]
] 2 [mp=avit] {ram=32k. . 84k] [rom=1k. . 16k] 5 2 -4 2389 1.2,3.4.5.6,8,9,10,11,12
[kays=52. .73]
totals 4 -8 2389
(2387 ms)
the 2 best clusterings follow. .. (13117 ms)
1ter/cplag  vl-rule S0 =m==eeme=meeCQElgmm—=m==s===c= gyRNLE cOVETEd iz
die com PEpars
1 [nvzhp]Iran=32k%[rn==eat] T 2 -B orT
dl:g=bu111—1n3 koye=92]
4 2 Enr—- bit] [ram=32k." 64k] [rom=1k..168k]) 11 2 =4 2380 1,2.3.4,5,6,8,9,10,11,12
keys=52. 73]
4 totals 4 =9 2389
2 1 [=?<>acnazltran=32r. 48k] [rem=10k, . B0k] ¥ 4 =4 1194 1,2,3,7,9,10
dispe<>terninall
2 2 [ap=BoBOx] [ram=48% . . 64%] [rem=1k. . 16k] 12 4 =B 254 4.5.6,8,11,12
[dEtp<?¢a10r_5V![IIFE=53--73]
2 totals 8 -9 1468

(22 stars buiit)

for the best sclution above, 55 1.0e+04
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;--it-;-"ltili*-"lti-ﬁ‘--I‘l'lt'l.'ll*!’lit?!ltt-llt.‘l’t"lll-“’lli

3

experiment I: ¥=3, criteriomns=fc

the 2 best clusterings follow... (13283 m=)
iterfcplxe  vl-rule o Rt == 1 1 EE R TP avents coversd
axcapt Spars 5in
2 1 [mp<>B080x] [rlu=32l 48k] [rom=10k. .80k] 1 Pu ¥ {194 6 1,2,3,7.9,10
Edls ;;;'E?i )t ]
2 2 [=p= x] (ram=48k . &4k ro:n!lt..].ﬁ 12 ] 284 8 8.,8,11,
{d1spereolor_tv] [keys=53. 73] el e
2 totals s 1458 14
4 Eupﬂaoan:] [ram=32x] [rom=10k. B0k] T 0 477 7 3.7.9
disp<rterminall [kl; s=83, . 92]
4 2 I[:p-sbé;.] trn]:-cax.. 4x] [rom=tk. . 16Kk] 11 a 1691 T 1.2,4.6,6.8,10,11,12
ByE= -
4 totalsg Q 2088 14

{22 stars built)
for the best solution above, s= 1 Ze+04

---;n---tt-t--lltt-*.tltw-tllIitt-*taI-tat-Ill-ttrtntt-'t-t-xnitnx-u

4

expearinent 2: k=3, eriterisa=ic

the 2 best clusterings follow. ., (80034 me)
iter/cplxs®  wi-rule Sogd —--mmemmeaaa COSLg====mscccc—-e gygnts coversd
GXCEPL PSEars sim
] 1 [mp=8502x] [ra==32k..48%] [roz=10k. .16k) 2 o 81 3 1,2,3.9.10
[disg=tv] [keys=52. 73]
& 2 up'ﬁuauxl {ram=48k .64%] [ron=1k. . 16k] & a 284 8 4,56,8,11,12
dispe>coler_tv] [keys=53.,73)
& 3 [opshp] [ran=32k] [rom=80k] T o a E 7
[d1sp=buile-ia] [keys=52]
5 totals ] 385 n
5 1 [tp—e=-:>2:}rnn-aa1: .48%] [ron=10k . . 18k] 8 a 31 B1,2,3,9,10
2isp=tv] [keys=52
5 2 L=p= Eﬁgg:]%'lau"d-ak E-lk! [rem=1k..18k] -3 Qo 364 T 4.6.6,8,11,12
[keys=
5 3 [mpzhp] [ran=32%] [rom=80k] T o 4 5T
Fcup'bu t-in] [keys=92]
5 totals ] 445 20

(T8 stars built)

Tor the best soluticn above, 5= §.Be+03

¥4U!l..t-‘l-atlt-t.t-.‘lIlIIlt*i*i*-t;-t-l'I‘--t-*-*-;"l'|llib.t--

experinent 2: k=4, critericn=fe 5
the 2 best clusterings follow... (TE&1T ms)
luerfcplx®  wl=rule Bl =mmmmmmse e e R ——— #TAOLS caverad
BECEPL pepars Elm
3 1 = =BEQE:][[M42¥. 48k] [res=10k] H -] az T1,2,8,10
disp=tv] [teys=52. .63
3 2 [wp<>8080x] [rap=32k] [rem=11lk, .80k] 3 178 Tar
[dispe>terminall [reys=64. .92]
3 3 [mp=:280) [ram=48k] [mm--ﬂt .18k] 4 o 33 T 4.11.12
[dlfgcbuulntl] [ksys=63. .73]
3 4  [mp= QBD:_]'I Erm S4dk] rn‘]n-it .Bk] & s} Ja T 65,6,8
[disp<aiv] (keys=67..73
3  totals Q 278 28 .
2 1 [mp=6502:|:] [ru—-lal:] [rom=10k] [disp=tv¥] 1 ] 18 6 1,2.10
¥5=52.
2 2 E gnanau:] [ru-aﬂt] [rom=10k. .BOX] g o 477 Ta,r1.9
disp<rrarminall (keys=53..92]
2 3 ZZED] [ram=deék] [rom=4k .161‘] 12 [+] a3 T 4,11,12
sp<xterminall (kays=53. .73]
2 4 np- 080x] [raz=64%] [rop=1k. 8k] g [+] 33 7 E.68.8
disp<>iv] [keys=5T7..73]
2  totals 2 658 w
(89 stars built)
for the best solutios above, 5= 1 Be+04
With beta= 3,00 the best clustering at this level is for k=3
iter/cplxd  vi-rule sead ----------—-QOSLE-—-==m======= §FRRLE Goversd 6
4Xcept PSpars sim
] 1 [mp=6502x] [ram=32k. .49:][m=|ux. . 16k] 2 o ER B 1.,2,3.9.10
Edisp-r.v] [kayz=52.. 73]
2 :pssnaox] .:‘M‘ASI. .84k] I.'m 1k.  18k] & o 254 B 4.6,6,8,11,1%2
digp<rcolor_uv] [keys=63. T3]
6 3 [ep=ap] iraz=32k] [rom=g0k] T o a BT
[aisp=builz-11] [keys=82]
& totals ] 355 21
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peginning classification below hierarchy path 1-0

;-‘t.".’-."';'*-’-;.;-*-f."-;-..-’-"-".I--J'l-t.i.""‘."‘t-'.

panic finding nev seeds
experiment 2. k=2, criterion=fe

panic finding nev seeds
premature eod of clustering: seeds exhausted

the 2 best clusterings follow. .. (8850 ms)
iter/ecplz® Tl-ruls S08d ~e=m====-———c gOSLE==-=—==—---== §V4NLE cOVred
axcapt pspars sim
3 1 [mp=6502x] [ram=32k. .48x] [rom=10k] 2 a az 71,2910
Ed:s =uv] [keys=52. 3]
3 2 [mp=8502al [ram=32k] [rom=i1k, . 16x] 3 o o &3
[digp=coler_te] [keys=64, 73]
3 totals 1] az 12
2 1 [mp=6502x] [ram=48kx] [roa=10k] [disp=ty] 1 [+] 15 6 1.2,10
{kays=52. 63]
2 2 {uE=5502:][ram!32ﬂ [rom=10k. . 16k] 9 ] 34 T 3,0 .
disp=tv] [keys=563..73]
2 totals ] 48 13

{18 stars bullt)

for the best solution above, s= 2.8e+02

-1-c;-x.---atitttt-llI!#t*illll'I!l!*lllil-ItItltl-IIl!v;;-#iilittqt

panic finding nev seads
experiment 2: k=3, ¢riterion=fe

paniec finding Sev sedds
prematurs qng of clustering: seeds exhausted

the 2 best clusterings follaw... (BBST ms)
iterfeplxd wl-rule gegd ——-<==s==c==gpgtg-----< ~=s==== gyents coversd
except pspars sim
2 1 [mpe650l] [ran=4sx] [rem=10k] L o i 61,2
[disp=¢clor_tvl [keys=62..62]
2 [n;:ﬁ&oz:] [ram=32k. .48k] [roa=10k] 9 a 4 é 2,10
[disp=b/w_tv] [keys=53..86]
2 3 [np=6502aT [ra=m=3%k] [rom=11k. . L16k] 3 -] a E 3
[disp=color_tv] [keys=64..73]
2 zetals & 4] | 17
1 1 [ep=8502) [rar=48k] [ron=10k] [+] 4] E 1
disp=eoler tv] [keys=62]
1 2 pp=8502x] (Fam=32k" . 48k] [roa=10k] 2 [+] 21 T 2.8.10
[disglt!] [keye=53. 83]
1 3 [mp=8502a] (ram=32k] [rom=11k_.16Xk] a [+] [+] Ea
[disp=caler_tv] [keys=64..73)
1 totals . [+] 21 17

(21 stars built)

for the best solution above, 6= 1.4e8+02

" E o® M OF 3 OR TR OE R OE R OW R W R S B ¥ K E ¥ E KR R E kR ko R KRk EE AW EE ARk E R FE NN FFE AW R W W
expariment 2: k=4, criterion=f¢

panle 1:1‘.&111:5r oew Eeeds
premature eod of clustaring: seeds sxhausted

the 1 begt clugterizge follow... (7616 as)
irer/eplzs  rl-rule 600 =====me=sssagogfgeemsss======= gyants coveTed
arcept PSpArs sin
1 1 [ep=850%) [ran=48k] [rom=10k] 1 ] Q 61
d:.sfcnlor_tr] [keys=52)
1 2 [mp=8502] [rin=48k] [roa=10k] 2 o ] B 2
Edu =coler_tv] [keys=67..63]
i 3 mi= 502a] [Fam=32k] [rem=11k.  16%] 3 ] [ E 3
(disp=color_tv] [Keys=d4, 73]
1 4 [mp=6502x) [Fam=32k. .48k] [rom=10k] [} o 4 8 8,10
[disp=bs/w_tv] (keys=£3. E6]
1 totals - o 4 21

(30 srars built)

for the best solutlom above, s= 2 Be+02

With Beta= 3.00 the best clustering at this level is for k=3 7
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iterfcplx®  vwl-Tule send —--—-—--—-—---gEpEtE-—-----—==——-— EVIALE covered
eXCOPL pSpars sim

2 1 [rp=8502] [ran=48k] [rom=10k] 1 "] 1 6 1.2
[disp=ealar tv] [keys=52 £3)

2 2 [np=6502x] [Fam=32k" 4an}[run-1mc1 9 o 4 B 9,10
dispsb/w tv] [keys=53,

] 3 [up“EEUQaJ[ril!SEI][fDm-llt 18k] 3 o 0 5 3
[disp=color tr]Ltle=al..73]

2 totals *] B 17

beginaing classificatien belov hierarchy path 2-0

W ® B ® % K % % ¥ 8 ¥ ® £ % £ ¥ = Kk ¥ F ®F F F B & F 8 8 ¥ 8 F 8 8 S R F ¥ S F X EF S F S K E X & E S S EEEF R RE R RN

axperiment 21: k=2, criteriocn=fe

the 1 best clusteriogs follow... (8500 ms)
itar/eply2 wi-Tule Ei4d =====mm=se==CpElfemmr e ————— events covared
except pspars slm
1 1 [mp=z80] [rem=4Ek] [rem=4Kk..16k] 4 a 33 74,1112
¢lgpe>tarninal] [keys=63..73]
1 2 ([mp=808B0x] [ram=64k] (rom=1k..8X%] B 0 33 T B.6.8
spe>tr] [koye=57. 73]
1 totals a 1] 14

{16 stars built)
for the best solution above, 5= B, 38+02
® & B 8 & & & ¥ ¥ & ¥ & & ¥ £ 2 & &£ B & m ok §F ¥ @ & & & § & F &k & ¥ § & 2 ®x & F K F 8 & F & B F 4 2 F & kK 2 & ¥ B ¥ ¥ §F §F F ® & =

sexperiment 2: k=3, criterioon=fc

the 1 best clusterings follow... (14200 cs)
iter/eplze  wl-rale S0d mmmmmmsseee AR - g ILE CATETE
excepl pspars Gim
1 i [=mp=z8c] [ran=48k] [rom=4k. 16K] 4 2 8 Ta4,11
disp=t/v_tv] [kxeys=53. 53]
i 2 [mp=80B0aT [raz=84k] [rom=1k] 5 0 9 EE
[dlgp=puilt-in] (keys=84..73]
1 3 [mp=z80] [ram= 42k . B4k] [M—Ek . 16k] -3 [+] 21 8 6.,8,12
[disp<aty] [keys=57,.73]
1 totals Q 7 20

(31 stars woils

for the best solution above, 5= 7.3e+02

W W W FF WS FE AR E S E NS ER S EEXEXERXEFIENENEXER RS AR S NS AR RE RN NSNS
exparinant 20 k=4, criterion=fe

panic finding new sesds

the 2 best clusteriogs follow.. (18017 =s)
iter/cplxd wi=rule safd ~——=—————————AFlE-———————=——aa events covered
SXCEPL pEpars Elm

2 1 zE0] [ram=48x] [rem=4x. . 16k] Q & 7 4,11
E ?sg biw_tv] (keyss 53 83]

2 2 caoal [ran=64k] [rom=1k] ] Q o 5B
(disp built-in] [keys=64. 73]

2 3 [mp=z80] {ram=48%]} [Tem=11k..16k] 12 Q 0 b 12
[digp=buile-1n] [keys=64. .73 )

2 4 Emp':ﬂnl[rtm=sirl[rol-ﬂ 1[dispertv] a a 2 8 8.8
keys=67..73]

-] totals 0 B 23

1 1 E Es:ao]trauus:l [rem=4k. . 18k] 4 0 8 T4
disp=b/w _tv] [keys=53. 83}

1 2 {E"E-IJBHTEHIwﬂ] [rom=1k] 13 a o 65
dispsbuilt-in] [keys=84..73]

1 3 {np-zan][rtn—4at B4k} [rom=Bk. . 16k] ] Q 4 T 68,12
d1sp=built=1n] {nyu-at .73]

1 4 =zH0) [rmFﬁ-I:t] [Fea=Bk] a a 4] ]
{drsp =terminal] (keys=57..63]

1 totals o 1o 4

(40 srars built)
for ths best solution above, 5= BE.le+02

with beta= 3,00 the best clustering at this levsl is for k=4

iterfcpl¥e wl-rula B8Rl ====s==mm=ccgOElgsscc-ssss=-== gyERLS COVEred
sxcepl Fepars sim

2 1 [mp=zB0] [ram= -iE]:'.I [rnﬁmﬁ. -164] 4 2 8 T 4,11
digp=h/w tv] [keys= &al

2 m;-Ecscar[ru-aqlr] [rﬂu-lu] E [} 0 EE
disp=built=1in] [keys=64. 73]

2 3 [(mp=z&0] [ram=48k] ['m!iit . 16k] 12 o 2 & 12
[a1sp=built-1n] [keys=64. 73]

2 4 E p=z80] [ram=64k] (Fem=8k] [dispe>ty] ] o 2 6 &.8
keys=57..73)

2 totals -] 8 23
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Appendix I: CLUSTER/2 Program Listing

Index to procedures and lunctions

page name

T2 procedure addehr
72 procedure addnum
72 procedure addval
45 function bestc

13 function cendist
76 procedure clearcy
78 function clstring
67 procedure cluster
40 function ecmpeov
29 procedure critdefl
18 procedure critval
45 lunction cselect
44 function degiset
36 procedure dh

T3 procedure disppart
71 procedure disprule
49 function domofl
73 procedure dpribuls
36 procedure dt

28 function dtypeval
63 function elim

23 function eolninput
23 procedure errormsg
44 procedure extend
40 function freeeplx
42 procedure genbest

page name
67 function genpath
42 procedure genrliz
23 procedure getinput
81 procedure hlevel
61 function iabs
43 function intrsct
66 procedure mane
61 function maplow
60 procedure masgn
59 function mecard
60 function mcomp
60 function min
57 procedure mop
48 function meweplx
62 procedure nid
49 function numeplx
59 function numsel
13 fupction mnumstar
51 procedure printreal
52 procedure prt
50 function prtalfa

8 procedure prtbmsg

51 procedure prterit
52 procedure prtmap
53 procedure prirlt
51 procedure priset

page name
66 procedure pristats
&0 function prtval
24 function readcolumn
58 procedure reduce
41 function refhigh
41 function reflev
40 function reflow
40 function refpum
43 procedure refunion
76 function savecv
29 procedure semantics
59 procedure setlevelmap
58 procedure setmap
21 procedure setup
23 function skipfill
11 function star
13 procedure starcr
61 procedure statnam
11 procedure strasgn
21 function stringmatch
47 function syndist
26 procedure tablesetup
39 function tcover
47 procedure trim
22 funetion typcod
61 Mfunction wmecard



program clusterd{izpat._output);

fee

[{» globel definitlozm )

=
=
L]
=
=
= 2 number of
= T Lo EAZETH
- x numbar of cluo
= (* max nusber of
mREETiL = (* maE criterias neaber =)
saglavals = (* wax levale Lh ose varlsble =)
BazbLEe = (e max slternstive soletioes =)
| inelengid = (» puupat line lengih =}
%
bt alfa = packed n.-ﬂ;[l..l.un:.::l] af char;
| sifalo = packed TRy .I.u]‘ of ciar;
i 1alfs = packed array(i..lalfanize] of char:
| naped = felr.all, 2008, 21fF tutaz) (s Bi% Cp codes +)
| ncapn = (ee.le.eq.ge): (* op codes for fuzctlom mccmp *)
| ialteetisg = (raxdom.ormaetil; (e izitisl seed selsciies o)
| 4] E eventd At Fandem =)
| (1] k cptisal raps =)
| dipjapeed = {#low, fant); 4] thods #) [
i 1] coaplete search o}
(s famt: ams sbbravisted search o)

of relatiomal tables,

% complete demcription of tie relational Table IRpUL fOPMAL 18 Ln
Tm deBCriprion asd aeer"s galde for CLUSTER/Z.
coEcapLedl cludtering® by robesrt stepp )

iag progras CLUSTERS2. Lopat i# in tke fors |
QRLER # la & repert form, with & saxlimum linw
lezguh spscified By tde laelength conwtaas.

this Lm bhe comsepranl elus

& progras for coajunetive

Tardate

{* date of lust chas h
(* mnzimom sumber of levels »)
(% wax nodes 18 sanrsh tras #) |
(s i far efbar iEplensatation #)
i+ long sifa wize chars #)

‘180888
&8

coTerLype m (disjodnt iatersecting hisrarchical):
[# &imjoint: flat, mon=cverlapping #)

{® eZei: ¢2 L# toversd by 51 )
susdLypa = (geatral, distant);is d malectlice sype «)

{* @ ra ®#lect BOST CEALTRL WWERLE 0

(v dissant-select SOFL A1NCELT EVERLE 0
converelon = (moval ShATTRL.IntVl, realvel):

[* Eeval: deft inpot anytilag o)

{* charval: impat string *}

[» tacval: iRpUt LWteger +}

(v realval: 1mput floating palnt #)

{a the followi coded are tded Lo EBalotain 9ee cosote for procedorem o)

ALALLTP q00, qed, qel, ger qev, qed, gff qit.qad.qal.qax, gre.arl
qTH.qFR ., g7V V. G5p, q0g, qEF NL.GLE,g5F, g4t.qcf,qtp
qbc, qud, gk, qeq. gev, qlast) LAL ECRARATE W)
dbugeat = gat of statiyp. (# procedare Lde Shat wTite trace date o)
eltypen . Ectcm“u t:“rnill. efin
= cfechun #X shaps ch
Ei -rflul:u-l = llrl aeed EBY &
® ¢fintTae = this coaplex i arch &res »}
{# cffres = tells 1f complex is belzg ased =)
cosfipe = pat of cicypes: {* cosplex special fndicators =)
Teridz = |..EAETATE; {% ipdex by vAristle zomber o)
tramidr & 0, . ireesize; {» index by tres nods )
refval = O..estelze; i Taage of selector valods »)
galmnpiait = et of refval: {* ipdicstes covered avents )
ATLEAP ot ¥
T 1t map of esvered #ventd 18 brokes lta
III'I:I.'IJ. et parts to permit ronzizg on ke cyher
wWhich ha® a short setsize coosiraint e}
pessduap = “mandEap;
[T 1T

[* we a3t seed Bap o)
(v map of one geed gt »)

! [* intersectiag: flat, owverlapping =) | maedn
| {* Elerarchical: disjofnt =% ench levels)|
H doRRLETTPR = (meminsl. lizear, E]'E'l.!. sLTRETATAd) | proaplex
1 {8 seminal! nominsl scale o)
] .1hll.'.. artial ordeced scale #) : conplax % storsge for vil complex =)
| [# cyclic: limear with wTap-around #) | 1T 23 {» pointer Lo ReXt complex =)
| {# structored: las geoeralization tres =) | cflags {* mise imdicmters e}
| | ETER (% arem of TRE coNpleE o)
| ccode = (ind, cicd, €2el);(» code Tetoraed LY capcor =) | eoat {» comt ar weight of coaplex )
| [ ind: ¢l and ¢ ars indepexdeat s) | | critvals nazerit] of peali{s valp ef er 1
| {» clc2: ci is covired by c2 = T e {0 Bl wep af covered v
= 3= | ——
|
| pulsciors © weray[varidxz] of sslmspuait; (v selectors #) itaration integer: {*+ iteraticn om which prodoced )
i wad: i rank o ilnteger; {0 Mierarchy level for thim cover )
1 | nabcovars © phcked arrsy[!..saxk] of prover;
(» mete on izmerzal representatlon of s conplex: ¥ polnters o nert RlerarcAy lavel =)
| parent © peover; (e polntaT Lo PATERt 16 Elsrarchiy o)
the sbove record tLype containe azd array of peRan £ 3x; (* tRe cluster zumder 1. .k o)
| ercor 1n the complex.  (the name @ ! 1.
BT THLP SANE ARTE LYpE 18 & A8lECLOF-URIL BA4 & EAR-DRLL, fOr
BLliry of atker primltl ERETIGAE,) &RZh BRpURLT {each pRtrset # “ELruck;
£l La it of valoes. tin called the reference Lisv of the
1 internally, sll values are 1o The range of O to ° G #Linck = ragord {* peite weed to baild stroctace trees =)
i is & comstant morsslly set to B8, sack compl neTt pstroct; (% pointer to ReXt ELFECLITH ENtry )
Eontals 1p Lo CSAITATE” nomber of BelEspualts (eelsctore). nodedels t sslEapanit; (* SLrUstErs Dode dafizitlon o)
i ot ¢ oalfs; i mamm of thig asde =)
For exaaple, the complex [xi=2] [x2=3. 4] [x3=1 v 4] i@ storsd internally © integsr; {e izternsl waloe of tRis oode =)

L

1 tis flrst three elesents of the array “selectors” 12 the sbove record
F in pascal 1otatlon, thess three sets are (3], [3,4], ana [1,4].
T SEAET EELE (CRAT Are slemexts of “selectors’) are 2oL uewd.

#ach compler aleo contalne & Bit=map of the event #obeet That the complex
egvers. Af & complex covers 8 evenis, Thel thefe Will B # naEbars (of
#vente) io the eet called the “evimap’ of the complex, since tha dcal
iLE cohlaln only op Lo ‘setelze’ differsst veluss (ot sacugh to handle
the gEantity of svents desired), each umar iw scaslly cowpemed of

® #Eall arcay of Ceeluspusite’ which are lo n:l.J., ;n;m hmznr o aEt
B4 oRe large set. the primitives 'lcﬂf ! Er avided no
l“;-FH'-I'I-I Lhems “map’ data aggregates [Rete The Fflll'“.'.l Bil stary with
‘m'}. 1

the "ares’ of & complex i the nzaber of
covers. che ®ld 1w ® in conp.
1apot EYERLH. is the recocrd comam from the "W
ATERLE table.

ints in the svent space it
#Iss that represeat single
coluna 1o the

#ich complex u CArTien & ez the lef criteris in tie vector
calles ‘eritm @31y Thoms SEored for whleh the criteris im motive
Lo che lef are svalusted and glven & value,

peplzlime ® “cpizliet;
cplxlise ® racord (® mester complax lint e}
ELT : poplrlist; (» next cplzliee o)
eplx : pcoeplex; {* polntar %o compleg #)
and
peover = “cover;

packed record(e repressats cletrs COvATing complezes =]

1 JEEEE; (v poater of ElUSTETE ENLE Sover e}

i oarrar(d. mazsrie] of renl: (® cawer ceats #)

¢ packed asrayll. szt of peosplex: (o tha conplagen +)

L 15H SECERTICNAL aveRt Llst &)

: packed arrayfi_.mazx] of prompl
* polntars to mew sesds for T

: packed weray[l..mazx] of O, Eazk;
i® path SRrogfh @earEl LPae &)

excephica
b d

pathdats

It clumtarm )

|i® note un lt.rll:l.lrll tres data:

®ach internal node in tie tres gLTRctre of & domaln i & gezeralization of
cartain anderlyiag leaf valzes in The domalin. ‘Lhe stroct dete TYpe 18 umed
to bold the deflzitioas of internsl Acdes. leaf scdes aTe handled ms
ardinary dcmais valses selng other [commen) data siractares.

for wach svrsctarsd domals or varisbls, whers 1s & lisked Ilen of laotersal
node definficions, esch hll|= one izstakce of the aborve record type.  each
such aode has & valn’ which is uniqee ameng sll Internal modes and leaf
whlues. 1f the domali Eae 10 lavels [I.lH Valued O, . 0) thea the saallest
! for an 1atefial Reds L9 10 ‘BaEE” L Il of ths Talis which

[ ia the priss proc AVAT & VATLADLW Takes on this gensralized
valoe, ‘nodedsfn’ 18 & mipealt® 1ike & & . s particular, 1t ir
sxactly the equivalent selector for the imversal node specified iz tersm o)

the Leaf valtam thet lie geder it in of the domala,
approach purpossly & EeL capture the identity of maderly:
interoal nodes, bt oRly the saderlflag leaf values.

and;
(L L = TRame;
haEe = F'EU" {» wnits ‘l'ﬂ- o hold valos Dames #)
T : array(i. esxlevels] of alfs
(% QAESS ElVeE LD BUSETIC 'l-lﬂ'.l =]
amd;
paoEslE = “domein;
deaaln ® packed record <+ anit what defines s dommin »)
name : alta; (% name of domaln w)
eoat = integer: (¢ coet of shis domain typa o)
domsin © pdcEiin E- poiater Ta rext domalz e}
aLrEcElist FELFEEL] ® polAter 14 14t Ftrac slement =)
deyps LELTERES [® Lype of donaln #)
BATVRlTH refval | (* namzer of levels »)
: pnaaN; (* pOSALET %0 lopat names table =]
: praae (* poinzer te outpot anim s}
;o .alfasize;  (* lengtd of longest xame =)




- =

|
1
|
1 Tarisbles = array[varidx] of pdomadn; (o warisbles defs dats w) i | BLATESERT : integer; [® const of stars prodaced »)
o i closndj ¢ lnteger;
! peric ® Tcritlise; | | [* ¢luater nuaber to ad)gst when tTying to geE. nlgee seedd ®)
| ! ugsduaadn : pawsdeap:  (® bend of 1let of vesd seed see o)
eritilat = record {* eritaris specification s} ! wnd;
™ onliw {* eriteris name ) |
i ] . pErlR (» polater =o maxt cpit mpac. +} citatls = racord
ccnt - WAZCTLE; (% lengsd of erivacisa 8] { | froeclat proaples; (# chain of fres complefes #)
elist T ORTTAFLD. of integer; criterim o) | inte {» nu af fres complezes =)
tlist ©onrrayld. of resl; {* L1st of tolerancam o) | imte (o n af coaplexe
(11 H | £ (& Tamp-vork coaplex
5 : | ¢ Balesa; (* WHLEALEA WVEELE PramaEl =)
1 ppars " Tpars; | svanteel :ainmr: (® avasLe nable coatlnuaniea sal #)
| | wnd;
| pars = racord (* parsmetars record s} | |
(114 © ppAT; | rtatic = record
| mink. saxk  C lnteger: (% seaber of clustars =) bi, b3 ;odmteger; {+ Besristis WEArel pArLEATATE *)
| srng 12 (* trace/debagp value s) wad;
i Bl, B2, 33 [* Besristic sanrchk paramscars ) |
| inttmtid 2 (# fnitlalizatioz wethod ») | i slfnfld = alfs; (» sliername type asae for alfa o)
| aldepeed : (v spesd of 814 process ) i
cavertp . (» typs of covers &) (% gEL¥ATS sepment #)
(3243011 ] ¥ * oams of partial star erit #) [
sy o oiRteper: E* toaber of base Intarations o) (% global varisble defiaitions #)
| probe : LEteger: + number cf proba LbeTazicns ) |
Eata : raml; Ei beta Talus =} var
| mREht o ipteger: * mazheight of Riararchy #) | postat : toEmaRie]
| niastae © ipteger: [* miz cluster st 1 pERLAT Do EEEATIE
| LLLH [ pastat T TEERAnie;
| peivis it | pastat T opatay;
izl : pelele: (= 1ise of title taxz u)
| title = record (* zitle inforsation =)
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| leagtn = inn {® charsctar coman #) |
| tATL ‘;u ! (* sitle tazn #) I | PATAESTATE  © pPATN; (# parsssters list #)
| | | avezta © promplex: (e 1ist of avents o)
PETAT = Cenan; | numevents ¢ oimteger; (* nuazer of svents »)
|
HEAL " Eecofd {» metivity statistice =) dcanize ¢ pdosain; {® 1ist of damain defns a)
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|
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(e
forvard;
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forward;
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{» gonnt salectors in complex =)
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{* cyoer ozly #}




caxt[L]
iwmit
wnd;

fuaction domef

(v this fometies

Sl v A
8 jwhere = Lwmit;

BFae the Pﬂi:ll'llf Eo the domsln recerd for & dosala

of variable of & glvez zume »

fuackicz isbe
f T

forvard;

©oalfa): pdossin:

t inegerd: izteger;

[+ defizitions of comceptaal primitives #)

I
(funetlion Leawar

{el,c2

forvard;

fzaction cEpoov

FMllﬂhfl refunlce
ie

{e1, 2
forvard

fanceion reflev
| ]

forvard;

fanction Tefhigh
{n

fafward

L ]
fﬂr'ﬂll‘ia

'procedars genrliz
Le

ferverd:

fazction lotrsch

fer, 2

forwverd;

iproceders extend

[var ralt

pL, w3

v
forvard;

‘foretion refanm

im

L
tarvard;

!fn:u:t.lnn rafler
i {2

(= trom if =32 zovers g s)

: peanplex] bodlean;

{® compare COTETRER w)

: peomplax]: coods;

(* lowsst valae for given selector =)
salmapeait}: inGeger:

(s Bighast valas for gives selectar +
© mslmspuzit): latager;

(% cle= ¢2 2 ¢8 o)
| peamplex):

(» gensralize selectors af ¢ #)
pecuplex);

(* true 1f cl a2d 3 iztersect =)

- promplex): boolemn;

(# sxtend #l agalnss o2 for var v &)
#elaapanit;

{» covat of eleanzts if referexce list e}

: EElmEPINLL:
¢ vRrldal; lateger;

{® cowot of saluss 20 acioal TEf aete)
i

: melmapunli): integ

forvard;

[fametios deglsct
fed, =2
fopvard;

functicn bessc
[Far head
critl

(11
forvard;
(pracedara trim
g
war clise
erltl
farvard |
‘function ayndiat

{el, 2
forvard,

function ptar
1wl

'proZedurs ATATCT
| fer

;. forverd;
|fazckion numetar
i roinEREEr;
| fervara;

[fozction condins
(er

rep
forvard;

:mz:cliurl eritval

Farvard;

(ef n:tion enrd

L. &

apuEit):

(® const selectors which latarsect e

. promplex] Iptagar:

= malecs tie Best complex o)
¢ promplex:
:oerinilet:
: integer): pecaplex:

i* LFlE compleged to q bamt o)
; int

i peompl
frelienh:

[* compste syntactic distasce «}
promplend: real;

{* mnjor subroucioes =}

(e fometion to beild a star o}
intager;
rtuhr;
hteger): poomplex;

{4 get Intermedlate critarla =)

= perit);
(* get nuaber of stars *)
{* %2 choose Tepreseatatlive eveats =)
t peove
© meadtypal: boclass;
{® recorse cost vis givea crit zam e}
1 poomplexd;

{* ibEps seFmint #)
(» this fmxcnies retarns the cardinality of set m »)

lateger;

lntager;

2 o
= oe

for
eard
LLLH

- 1f =

sateize 2o Lf 1 iz & ches ¢ ;= g=l;

{s this fozetion cenerss She tiew 18 GGt tenthe of seconda #)
(% the {bmpc has no cleck == pera 1s alvays retorned s}

(isfuaeniss elosk:

begin

=)

elocx
nd;

=g

(procedaure strasgn
* thle procedice amslgne an alfs mtriog the valoe of an alfal0 striag =)

[var sifl

(1% -

Latager;

¢ alfalg);

|
|+ this procedsre sesigns & strisg of lengtd 10 to ma sifs =)

-

begln

1.}

if alfasizerin :1n 1 =10 sles j-:nruuq'

for 1:.21 ka

1 do weri[d
ﬂlil 11?“'!'4““] lo begla
*;

_!n:uon BLAF;
v [(im

..1

{* ba1ld » siar about event el, staying clear of any other

var

;hegin

er
bl. k2

EATAT
DETAT

WILE pRSRALT

o lakegar;

= marfi];

weTifi] = ¢

L
{=fl clumters2 safer sibroatines’ €}

(» baild & star =)
: integer;
: praver:

¢ Loteger): pocomplex;

suedn )

¢ peomples: [+ tew #Ear painter =)
| peokplex; (* old Fiar polater =)
| pesEples: [+ ¥oTEiRg politers =)
. integer: [* index to swed »

]
(* pELRTET To SUFTEAE avests &)

1 omall (o sslector referancs gat o)
: integer; [ ar of complezes in star =)
do elgse) = elqae]e1;

i wl

(* lecate event el via 1el:
(= oev paend(ie

4f qar 1n dbug then wTitelal”

- 1% =

Lncrement nzmber of
H pastat”.starcomnt =

B palld =)
LAFESOEE + 1)

wIATD abomt event C.eaplowiel mapl il

{* begln with » snit complex »)

CNTRT

= neweply:

netar = pil;

| vith 0sTAr™ do b

for 1
LILH

(» srart wvizh firse

lmmed 3 1:

egin
'3 1 e hv do selectors(i]

= [0, pwariskiss=[1]" mazvalee};

again
ad m prl pllu[uun]

ntacplzs (% 0

(# compute partisl stars ©acll ageinss set I8 efhaosted =)
wiile (e2¢»nil) do begin

| Af Llesad<riel then Begls [+ sk1p ever She focos of atterticy weed &)
(# tris eoaber of conplezes from previoms partial star =)

1f namcplaeckl then wrim(bl,cstar, pestat™.crit);

i {= ripd w11 previens Nl‘ﬂllli BI.I! cover [Interwect) wvizh as

f ATERL 1B ThE
viils (catar<dpll

BLENG BAT; PrOf #85h #icl complex =)
do 1f :ntulttuw #2) then Begla

| (* for ssch welector thet takes different valoes in ench event

outaAr .
engie

(= 1t
it

[the oz Bal coversd and the cne from tRe mgRinet set)
1 extezelen of 1ts reference list thet caveri
belng coverdd (the focus of wttentlon) mad Zoes

T the AgRifSt det event =)

1]we2" melecters[L]) then Begin
= meleetarel]. #2". melecvare(i] . 1);
T IT BAWCPLE; (% g4E & BAW GONGIAZ Lo recelve Tesais o)
(* if anable to get new cosples, tTis to fres old caem o)
1f (r=ail} aed (zetar<onil) them Begin
trim{dl,aster, pEanat-. crit); r
wnd
if remil thes writalni‘star: no fres codpletes Teanined -,
*after trimsiefp -- resslts iapaired’)
else begin
(» logicslly snltiply the extended selector and the old
COBpiex L form & new oRe LRAL 10 plEced 1838 bLie
IN BRAT coaples lls% whess Resd 18 the polater optar
oELATC; nsRiplEd (= nERcplmsl:
nstar (= r;
rore[t] = £ weleczors[i] o reference;
Fl: [® feducs The 38w comples =)

I= mwdEplE;

ehd;
wnd;  (* for #)

= l'ru:p:l.:tonu) (» fres old ostar complex o)

1F lacrecy 4)

the ald ecnpler did @ot ovef agalnst et event o2, then
dorl na% aeed #Tltlpl¥ing and 18 Just copled o zstar =]




- 18 -

i slms bagin (= Jusz copy from omtar te petar =)
| q = omtar; DETAT S QELArT EeEt; q7.54%t % amtar;
| SENCPLEIE = pimcplEaTi; ARTAF (W g

(LM

(* prepars for mest partial wiar; astar bacomes ostar o)

| DETAF T BELAr; BELAS -= pil:
LN
; i0isd ¥ lawed + 1; (% g0 O% L3 maxt eeed i3 agalnet met s}

{* for the FiFST E LLAFASIonE, the agalast #TERG 18 & #eed sVARE.
o8 the k+] Iesratica if Eldspeed 18 fast the againet evest 1o the
Tirst complex i the cover takex fram the coztert List,
nidspeed Lo mlow, DLl 10 uRed aad tha iteratiozs stop.  otherwise
| an the E+2 and Bigher lteraticos, Shw sgRizst event 1m the next
| comples on the coatest Ilst, until the entire Jise has been uewd.
Ghere are At mOST 2E-1 fterations in Lhat cade, =)
| if imesdcsciatre then w2 i e paeed [Lowed]
slaw if lweedrclotres] then #2 -= e2” paxt
| Eluw Lf parasetarsT . nldepesd=isst ches &2 (= CORLEEL
3 = pil;

[+ fiasily, trim to psebar of complezes
crinihd, ostar.pestats . crit);
#0d; {rmtare)

reqrested vin 42 #)
TR DETAR]

?'HH?HH #LArEr; (» sare star trlmmipg criterics spas, s)
*  ler

i perit};

=il ther mevipestat):
tarcoazt = 4; pEstat™. clussd] & O
Gbedareds (= mll; prEtat™.epie = EpT;

futction NDUERLEY; [ report the mumber of shars boilt sizce last TapoTE w)
(1] © Lloteger;

*}

Jbagis
i GREFLAT (= pERLALT. starconat; FAELALT starconnt = )
| eed ;

|

.E"““{" sandlet; {# select new meeds -- cantral or Sisteac s)
. (4]

I pLover,
l ) TR ;o oseediypel: Dooleas;
1i.
(% new seeds wre wele the mum of syntactic distaace from

£5 #eed to sll
| ERES,  distant
| me% daplicata

# have alolmom ayziactic Sistaace
thm met of K Besd @VERLE must
end Bet. Gha medd WeD 13 compaced with

pOTArily discarded. £f wll weedn arn
age ‘panic finding sew sweds Lo ootpot’
B BEIFLE Lo Eacther complex io bope of fisding an

ta gwe. Lf nons caR be found, the retarn code from

to fndicate fallure to find say seed #o%. wien o oeigque
B4 can b fooxd. tie reiern code LW tTUE. 5)

T
| a ¢ integer; (* index o cludter worked on s}
| Attempte tolateger: {* number of sttempts to rizd meed set -
| ol B0 B D lnmager:
| BL - Lnuager; (% 1zdex ta best paed o)
| beatdist, disv: real; {* syntantic distaac

[ © promplex; (* poizcer o comple

ToAviER ]

D orenl:
© wrruy (9. maxevencs] of peosple
D Array[0. . eaxeventa) of integer
! MFTay(D. mnzaveats] of Ta ® gyRTEcLic dimtances =)
1..mazvars] of real leaear centars o)
cmagvars] of selmapenit: (v somizal ceaters +)
(» meed mat is good (oEigoe) #)

(# treable fizsding sesd sec o)

Local event lidt #)
{* welus freq. counts s}

with pastas™ do clqea] = olgea)en;

Eocdeeeds 8 false; ALLERpLAc=D; panle := false;

‘ (* repeat motil good sesd set or patermizal paale o)
Tepeaat

iAtteEpLs = ttsmptesl;

TEr T Work Ga
d set problem =]

L% ged in dbag thea writelna(' cendist: elussd|=', peatat™ . closad] 1)

| (* melect best swed from all complezes s)
| 3 W pamtat”.elussd);

CepEat
|

& = paf;
if ndcletrs then nosy;

| {* be sure complex has ws event map =)
ir Itl.l‘d(l:!".rnl.qlt.lr[:,]".n.;u}ln than
| SEkp 2 2 .polastern]* map: el

| {* sean throzgh wll evesta, placing pointars TH eveats coversd
| by this complex into 3 local events List. ® i# list lengtk +)

cusly as
| all previcasly ganerated sess sacs snd if shers is & matel, the fanction whils {cicre1l] 2o magia
| - 16 - | = 1B -
] |
|
ir seesplcl™. map,le,enap) ther Begin (nomimal, structured:
LIEE T laventain] i e1; | | cafe Tep of
LELH | |EeARTAl: 1f I::IIDICI:I'G[]E"\"I.‘ lectors [}1}-(][ Elen dimtoTdipne
| €l = e1”. mexk: | |atatant: if (ocwcwzu[j)eci™. ctorel ) 143 [] then dimc:zdipg=l:
| wnd,; | | wnd;
| |
{# process snch variable according oo ite typa =) | llmenr,cyclic: BEgln

fer 1 := 1 ta &v do came prariables*(1)*.dtype of
:l" For neminal or structaced wariables, Build walos Risc aE@ iRd fl3d the
Bo8t commen {for ceatral) or lesst commcs (for distast) veles
. ralues becoms tie ncalnal centsr of mase, #tored 1R momseat. ]
neaizal atrmeTured
i BEELE
far

1= 0 to wazevests do counter[)]:=0;
= 0 toom 40 bBegin

refiow(levente{)]~ selectors[i]];
(k] := comatar(k]+1

Zh88 Fap of
seatral: 1h
E co cenatar (o]
far ] = 1 te peari =[1]~.maxvalze do
1 1f connter(]]2k th seomatar(]]:
' nomcast[1] = []:
I for = 0 to prarlsbles~[1]= . maxvalon do
| AF copzter[j]=k thes momcess[i] = somcent[1]=[1];
wad;
arstast: begin

k := eonzzer[o]:

|

| for § := 1 ta pvariables=([i]™. mazva da

| ir MlnhrEJ[jt: then k:=coumter

| nomesnt[i] :® 10, prarisbles=[L]* alen];
] e do

d
ounter[]]=k then nomcezz{i] := somcent1] - [}];

far i = 0 o prariables~ (1]~ max
it ¢

L L1

ond

| wad;

[# for lizear a2g epelic vardables, t3e averags valos is computed axd atored
12 likceac =}

Lizear egelic: Bagin

P scm o= @:
far j = 0 te » do begln
sum = gun + reflovileventa[)]~ salectara(i)};
ena;

| lineane(i] := szm / (a=l);
end
ehd; (% for came o)

{* mearare all distasces relative 0 CONLAT of wEsE &)
bestdlst T Ledp
for & := O te ® £8 begin

€l = laventa(i]; aiet e 03

fer | := | to ¥ do case prariables[})” dtype of

tli]-reflevici=.melecrarafy]]}

digt im digt = abw
]

£ prariables™| anzvalis;
{ wWEd
| and;
(s Easp tim Best choles )
cuma rep of
esatral: [l :.uiig 18 diwk;
Aldtant: rdisnii] & -disk;
| med;
if wdlsc[i] €beszdiss then begln
bastdine = mdiscfi]; by =g
end;
mad;

-

f if qed ia dbag then for 110 to w do begla
write (" cendiss: scors of "); premapilevantafi] - map);
writaln(' is * ediss[i]:0);
i
|

{» choose the best smed »)
if nidpamtat™.closnd) thes begin
(¢ 1f not the last i)
and maintaiz ®
ev-.psnedin] := wats[bi
plasedaes, onion, sesdant, Javercs [w]=.m N

eck. Juet savTe mesd eholce

Ims Bagls
(¢ whwn last seed ie selected, check to make
WA NETer died pravicusly s}

s5re meed set

wed [y a) =)
} BestalEt c= ledd; wli=d
for E:=0 to m 48 if sdist[k]<bescdilss thea
Beatdise iepdiat (k] ; bd:=k:
LET-H

i';:l.u

i (s make a Leaporary seed set map )
WEAD ¥ masdEet; lrphup_nniuu,q.“p,h“:_-_'[‘i‘]— gl

| (» mwaren 118t of past-nsed sewd wet maps for duplicatica o)
BELF (3 ppatat” sEedserds;
! Eeadpteds (F Lree)
| while geodeends s2d (sptrerzil] do begin
if mcoRplEpiT-.deeds.eg enap) then begim
I (* mark » Wit bad scoTe T eliminmze ip )
slan(bl] o= 2eed;

AT ; BpREC.AEEL;



- |7 =

watil goodseeds or (]3m);
wed;

entil nepastat™.clomed):

kil goodsemds;

(* record sesd
\f Bt paale naez Begin

T that was generated @9 11 will Aot B Suplisated =)

bq-un E; digsesiozality #)
m-l' ‘& | to av da
1t cletrs <= prarilables” (1]~ snzvelues] thes Begin

4
(efl cluster/d relational table input” =)

|
|
|
|
| 4 qed in dbag thea begls | new{apte); . BNE% T pastatc.useds
writel(" candlot: "), | di PEE;
| 1f goodi writel good seeds { L
i alen write{ duplicated » wrs "); |
| preanplenspl; writeln; | 1f gqed i= dbog thes Bagln
i [ITH | write{" camdisc: sav ')
| | cadw rap of
| {= mt &2is polnt, @esdd may ar may 36t b odme | jcentral write({ central®);
1f pot gooddeeds, tEed thers is 3o seed 13 the ‘ad) { |latwtant; wTLtE(Tdimtantt)
| cloter that can be selected to Field s good seed met || whd;
4 # JETE JUs% tried mbove sad failed} #) | writel® seeds are ‘) ;
if AL Begia | for 1:=1 te clatrse do write{maplovic™™ . poesd (1]~ mapl 4]
seeduet T emap; cv . peend[a) :® levents[ba]; WTItelE!
wnd wad
ales begia wzd;
{* Bare wo face the problem of how to fizd & onigue | [+ report maccess or fatluore in fimding & tew Talgee seed wet o)
Lf fewer than k (clOtfs) sitempts have Bess m P cendint :® a0t panie;
Tapeat ihe sbove vhlch will try te m L) LR TIET Y | [ [F1H
differeat closter. Lf k attempts B thed switch '
Tep typs from distant to cesteral or . him is ;El‘ﬂldnrl eritval; {* svalaute cospleses sccording Lo the lef »)
geed for another kK atten if Ix anx been atteapted e e : peomplex);
theh paaie and Loy any wvent from mny cluster that will )
SORRLE & TnigEe seed met (1.e., sbardon Zeatrel oF distant I |
qualities eatirs | | var
1f attesphe=clatre then begio | | En. €l. €] {* sriverion izdices *)
if ged in dbog then writela(® cendis o 1 § 1. 1.k
if repscentral then rep sdistast ale sntral; Ei {* mcors 0 the criterics =)
P
if attesptasirclatrta then begt I map;
wTiteln; wTitela{" paale fizding nevw orede'); [ 1] walEaponit;
€l = eventa; (* ignore closter Bosndaries; Just Fizd u sewd ») | | ok &
while (ef<>all] med not goodsseds do Bagla | | feusn £
eERp T smeduet; moplemap, eaion, esap, o1 wap); | | AET : tntager;
ir l.:u-l::tlu;.nl assdset) thex bagln | |
optr = pastat”.omedoecds; Ecodeteds (= urue; | begln
while goodsesds and (ppir<>nil) do begia | with pastat” do efgel] = efqei]er;
if mcoRplAptir™. sesds, eq, emap) then goodsssss:=felEs; |
EPLT S EpLCC . BeEL; {* Lf complex bas eRmRged, Fecalsulate 108 “AFda° )
&nd; | 17 cfchanged 18 e™.eflage than Bagln
and; 1 c.cflage 1= e~ cflagn - [efehanged); seimapled; o
sli=el™ . aeat, | (# wres 1s product of all reference limt lengiis n)
| #nd for L:=i to av do 'n
| if gocdresds thaa bagin | | 1= raflavie*. i
| u:—:ru BT v peend[e] % levents[bi]; | | u 151 them i ¢
o |
elee Begla | | nrn L 3
(e 1f this last-diceh effort fail n e ap & | |
paaic e tro goodaeeds = | | if qel iz dbog thea writels(' eritval: ares=",ri);
writela(® premsture sad of uul"-l--lu: sends axhansted'); ! | azd;
and;
ond; | {» svelonts nll criteris in the lef o}
#2d; | for en = {0 o pERLAL™ erit cent do begln
H -1 - | - -
] H 1
1 |
[# ci is thw critericm id zosber =) i | ok (= Lrde: §
| el v pastat”.crit.clistecz]; | | 1 rorafi]:
H if ci40 them el:=-eil; | | ﬂnt {]ﬂunzl-llvl,} and ok de begln
| i wi (¥ gveoftext”_peeed[]]”.welectora(il];
(® check If thim sams erlnr'u ad Alrasdy bBest caloalated =) : ok ;5 [] = 9 am;
rezps 0= falew; 1=y METEET
while (j<cnd snd (new nun] da begin ;| =J =1
I = peatat®.eric.eline(]]; i
; if k<G thea E:®-K; -m.n [pnnu] and ok do begin
£ 1f ksci then reomw ;= troe eles | (= ]+i; Lf cixp thea ok = [] = » » p~ _gele
i whd; " g g ectorsfi]; P
f LLLH
| i Teune then begin il of waes ri =L - 0
ravioasly calealated valza ) 'H
| 1 ri i
| !.r.nln-“‘-:nt--c:l.ln[i]to uh#n £ii=-rl;
o
i T Ul‘i] 1:- mimplicity )
| t8 CTitericn Telos =) | -
i - r =1 5a ¥ do begla
iz . i arsazadn ) | i 1= refnanic” wctora[1].1);
| .afes = wecard(e®. aap.0); | ! J:u then ri i £l o+ ] = 1+ peariables=[1]=. comn;
i l“.
2 !-lrl:u {A disjoletaess o)
| = f§; 1T goatart; L H bagin {i projscted sparsensas =)
'.'hj.:u Epﬂlll] 22 baglo i = 1
1f pire shea ri := rid + deglwetlc.pl: for 1:=1 to av 4o bagin
P EL - T T P T coatext; rereflavi{e” . melecterai]);
L wnd; EAXT = prariables™[i1]” mazvaluos;
1 wnd: :‘ . 1:
| ile (f*axv) sad (perail) do begls
i+ H begin {# § events coversd WOTe TAA once #) Jreraflav(p=.oelectorn[1]); P T pT.mext;
i P IT combtext; rios 0 wed;
while [pirail) e Inl:l.n if Jesmagy then 71 i=rioe c);
| moplet, Later, " |
l 1f pore thes i '- r ﬂhﬂtn a): | £L - weeard (c” map,0);
P = pUOREEL; | |
“d., | |
exd; | iLH £ of eXEepLichal avanta #)
| BLVAFE 7470 it cosplex lavel #}
4: h;h {» balange #)
.trtl. i= cLALEs Ghek baglz
1 1 mapiconseze); (wr,enion, levelmap.c™ map): s (wcnman)
i :rJ := iapeliincwevencasiovel) div clavre) - wweardint, 0)): |
| #ha |
! III'I Fio= Label (eamevants div clpnre)-wRtard{c™ . map,0)); 1f pamtas™.crit.clion(cal<d thea ri = -ri;
axd; | 1 c.critvalalez] = ri:
& begiz (» comsonality e) | | 1f qel 1s dbog then writsln(® eritenl: ‘,en:2,Ti);
rl o= -punsellel] | and;
i wns; | #nd;
0 ! * rlith megueat o)
|




=2 = | - -
|
! i 14 ;ointeger: (¢ table 14 namber o)
wnd;
feBction Lrisguatch {* compare two stringe s)
| inl, 03 : alfafld; F ¥ TaAr
| 1 D integer): Boslesa: | i CRAPLYRE o char; {» type of inpee: f.q.@." * e)
b I 1 izranl I real; tl 1lpl: valua, Lf resl )
TAF = : i 1E1nT © integer; (* impuc valos, LE LACEEEE &)
| L lnt.l‘u'_. lickar L r-c-u:ra [» laput valos, Lf charsctar s}
r ¢ bocless; Lengea aLeger; (= tamber af chass rfead =)
boolesa of
bagla TR i {zhara lalfal
| P (1est) “ “‘“ | {alfas .‘?a:nd srrayll..8] of alfs);
r 1= wif1) = w2{1]): 1w ded; :
nr:uu-r.eu Sl typecoden : packed array(l..84] of char; (» char types =)
and; colord : wrray(l. mazvars] of integer; (s order of columns *)
; {* integers indicate defe nomberss)
lrranﬂun saTEp; Tarord : wrrmy(i. .waxvars] of Lateger; ([# glves var 1a dats cable
(v thiw grocedors resds the relacissal table inpat to the progras =) caldln : wrray(l..zomeoldfn) of
[4s nzd wats op &Ll necessary dats stfsctures o) eclbasder: (¢ definition of colomam =)
If' algorithm proparly =} '!-l].l:l : "I‘:}El .un[utﬂ}lur :‘Dilllﬁlr (v dafinition of tabls
i rnr scked arrafli. max #] of 5
(» laxienl sharsctaristies: |: | F ¥ i i
| ealro, nEteel: (® colows mapsgesent o}
| ® relstioeal zable comgiste of & nxmber of irnforwscionsl wnits | colues : {* correat ul.ul:: naaner o}
| weparated by “white space® conmisting of blarks shd Lhe chaTacters sidraf : {» corrent cable =)
« o " ard T or any cosblostion of these CHRSRECAFSE i. ] H
| ib, 1% :
The LmpET flle contalas s serles of relational unu sach begioaiag | schold i {w ad gegnatie RELion esde )
Wity thé table bame alons o3 ons followed by & line of colemn (1} : {® inpot comvarsies Teguired +)
headlag ildestiflers. am maay lia data &8 necemsary follow, (1] : {* trom if gf-table =)
i :nmuml( valoss ordered mecordiRg O the colisn headings &Y, @makch ! {* trum if wimsizg valza #)
| L dred, dend i {* polpters for dommls defis o)
t iruf 1 operit; {# poirters for eritarin defas o)
ceonst s tref, tesd : pritla; (* polRTars ta title Lext )
| pomceldia = 89: (» total nasber of columa izitione =) pref. paed : ppars; (* poiETers o paramater defas o)
peatikldia = 15, somber of defimed tabla w] D pRANE; (* polavers to aade defzg o)
| eecky o wraf, serd  : pELrEct: (% polsters ta straciares s
Bluskomgr = ared, eexd  C peomplex; (® polaters ta svents )
| segkozat * lneypacty © ARtager: (* liné zosbar expected oexc =)
| coatkonst % F tid :OARLEEAT (% cirfest table 14 »)
| iztkomet = iam ' EEREE 21fs; (% specific tabis nass =)
| SRATEORNT & ' ochar H | | THENA o oalfe; (* name of walo
IHP. H | inlineno o ointager; (® jmpae Lime SINBar &)
| colheader = packed record | ElsnEEcnst  : alfe;
| name Toalfa; (% hender suse o) | egEoLat alf
table B - H able id CORLLAnET © alt
Bttiod LR Y I CEArCOAL : alf
i [T 84 T converalon: t converatoa #) | | izuccasy tomlfmg
1 g
| i fozetisn typoad
thihender = recard e i char): char;
nams : alEs; (+ same 6f table #) !
=023 = i =3 -
;hrln | writeln( integer hsd & Jru.un. pare’l;

iw typesd = typacodesfisardicl]; #}
if gra(e)cvd thet typeod -® typecodes [erdis)=81]
#l#s Lypeod = typecodss[ord{c)-83];

end;

procedure getizpot;

(* gat next input character and echo it #)

\Begin

| Eerlinpat);

1 If cécho thed

i lu eolnilzpet) then wTltelo wlse writs{izpet™):
wha !

:Hl“lm eoloinpat: Booless;

II' this fancilon detects sola on the lzput fils =)

‘begin

splninpat (= false;
while {nat eof (input]) aed sola(input) de bagin
ialineno := inlizeas + 1; Eetinpat;
:lut"- 1= typecaliapest}; WalELBpUL 1T LPUM;

1l'tn!ulntl them salEimpEt = srae;
ezd:

Ehnrt fos wkipfill: Boclean;

((® wkip "F131° ehars. returs troe Lf eols croseed +)

| ar
| aln : boolean; (* troe if wols fonad @)
begln
| wln = solalapat; chartype = typeed(lapas];
| walle tr.uarhnn‘l"! sad (mov soflinpunl) do begin
| getizpst; ela o= elp or salniapus;
| tnut.nu 4 Lﬂeu{upu‘_!'
' -u-m: i wlag
1 wad;
'proceders errersag
{errval ;ointeger;
| uNTAL Lhtagar;
: slfaval . slfaflal;
(% write setop error messages *1
Iho:ln

vrital® on 1ime ‘ielimens:l, i '),
sase arrval aof
sTitein{ unmatched qeotaticn marks: '.alfavel);

writelol "item

writeln( "

\lrl slniericerin-ta

uﬂ.ul.:[ row out of seguence:;
writels{'isvalid aumeric item:

writela( lavalid cyclic varlakle valuea:  Coalfaral):
writeln{ isvalid warisble walows:

wTite
WTLLH.

“lavalid value EOF CYpe:
‘Loo mary criteris (muse

wTitaln( ' uakaown varisble valus:
wTiteln( lacorrect colomn header

writeln{‘lavalid wode optics:

writeln( 1avalid trace optiss!
writela{‘lavalid llssar variable *alues: ‘alfaral);

writala{ lavalid valus for fnltmetiod
writala{ iavalid valos for sidapesd
wTitala( izvalid valus for coveriype:
writela( ilzsafflcient NeNOTy Lo #LECS EVERL
{eriterisn mass *
‘wodd Talue af °,

al:

writa(‘invalid debaf Tequest:

wrall;

Toalfaval);
JRONTRL)
tunlfavall;

B em tomamerie,)'):
“aalfevall;
'_I'I.l'a'l'lu i

“oalfavall .

toelfuvel)

ltavall,
al):
all;

.8l

¥Rl ° IF GREhowat);

i.‘ coaflicts witk & lesf ralan®);
1;

1f momval=0 them writelo( ®" slfevel,'*") sles vTitalai{nzaval;i);

i»

1 coaverslon;

bocleas;
bocleas;
integer}: lateger;

BD TECOVEry i attempted )

Takle colnsn RCITPdIRf O €987 and return coloe: 39, 8)
table'; wirsmisg meass ‘o valos fooad' s}

for *charTal® ispat: the data foreat cax b a)

(1) & wiring of nef=fill chars surrouaded by £111 &)
(2] & serimg withest Lnternal * ehclosed By '-mATES &)
(21 » #LFIEE withedt loteroal® saciosed by "-marks =)

348-
r:
30:
wnd;
wnd;
male:
and;
|fuactics remdcolums
{ecoar
war eoh H
TAr mlssl i
ar aertcol
(= rasd & relationsl
{* sot mesnn ‘end of
[C]
L
14
(L]

[ far ®"reslval® inpot: whe dats formas cam be o)
(* sa optionsl = ar -. followed Y any forsat sccepradls to pascal )

for "intwal® impat: the dete foraat caa be o)
soyhing dewcribed sbove for "realwal® with s zero fracileoal part s}

id

¥ ’
delin
[Tr-T

¢ msalenn; IC
Eutua.

: ChaT; [

i rn:' It

Trae 1f peseible Tid fosnd )

aLring delilter char #)
ceed to read suaersis o)



begia

- 98 =
B © LEteger;

Es8 = nexteal: chartyps
if chartypes=’'f’ thea Bagln
if sEipfill ches cme = 1

% gypeod (Lnpat”);

wrd;
1f wof (i=put]) thes 14

- 28 -

if ene 2 | then eat
EeELLel

(= falae alen eon o= 14
B pexteel = 1)

L H

if L4 when pextesl
resdcolenh
and;

‘ wnd;
|

LE gBo;

c= Lrow alaw cade conv of
procedure tablesstep;
charval: Begln |
inehar lengrh strangniizchar aifam(t], g | (» ideptify relsticnsl teble sad sssige coluane )
i gnﬂ.fpn a 'q tlll ‘bagln
delis = lapat”; ERtiopat; var
i while{input™ <* delim) and {uun waln(izput]} do begln
1 tnchar. length = inthar lengthe=i; L
nuu,uu-[ucnu.lnpp] 1= lapetT) i fic table oamm o)
Eriinges; ")
wnd; { 1f 1tem foned L]
H 1f ecln{input) then srrorwsg(i.0.ischer alfss[1]} else getinput; (= tras if solz reached L)
| and
alne while t:lll."l’.}'pl o f" J l.nl tln soln(izpat]) do bagin |
[ inchar.lehghih = iBehar. leagih |Bagin
| inchar chars [ishar lengeb] = I.wu" vith pastat” ds ¢[qep] = eigrplei:
[ grtingan: if gqtp 1n dbag thes bagin
I chastype = Lypeod(inpot”): writa(’ tablesstip-—inchar= b
| ead; 6F 1 -8 1 ©o iEEBAr. :I.-nr..l do writel(ischar. chara[i]):
I aigpteg c® vypeadinchar chars[i]l="n’; id ;= wEipfill; rrit-ill
| [t H | Bed;
|
|intval, reslval: | glen = 9 wlen := 0} Ehans (= BlankeooEn:
| LT $5 snsEe 3 blaskconet:
| ige o= 1.0 1d c® false; nimdlng: viypesd (1npen-)n " ;
1 if taput™ = "=° than getisput (* wable nese of the form: specifiec ral .
| wlee §f imput™ = °=° then begln (® maparate % Ayphes and leave in ard gnams L
I g8 -® =1.0; ERiopak
i wnd; | 1= 1;
1 CRATLYp® (F !ﬂeou{npu 1t 14 = pELpIill: | whils {inchar. chars[i]<»°=") sad (Lesinchar. lengid] da begis
if chase L N 'I-Ill I' 1 wlem = mlez*l;
& ¢ aeandel; {ehnrval.id,m,a); 18 inchar. ekara[i].
| if nor (L4 er llul.:l:] then arvorang(s,,izetar alran(1]];
nd
| alew beglis
resdiinpet, fnreal)
| if cecho then begla | if glen <= slfanize then nuttﬂu] = lsedar.chars(l];
| weite{"{" laresl:0:0,') *)}; BETil i = inclar.lengih:
| if eclalinpac) then writela; if glen=t then beglz
and; ELARE T BOREN; glen = alem;
lareal % dareal * Bige: and;
if copv = latval Ghea begl i I
1nie% = trancitarasl); Foom oimine | L] identify general table Type w]
| 1f P <> tnresl thes srrorssgld O, blankconst); |
whdl =1
clartype o= typeediizgey); I‘lﬂl (ret srringastehipaame sbldfncid] nume gles)) nzd
Lf chartype <@ ‘f' sden errorasg(2,0.blankconst) (sbldfnisid] . 1d<20) <0 i &
wlew id ipfili: i 1f thidfafzid] .id=0 then #rrc
| #2d; ' eid :w chidfnfeid} . dd; =]
LLLH ! camé tid of
= gt - | | - 8 -
|
12 begla |
I tities = n1l; terd = ail; [i» "moval® plll}lM‘:ﬂl‘ll‘l L]
| [} H ! i 1 H inchar alfas[i] := Bleakcozesn; Em i i:=0;
| leagth = Elfasize;
2: begiz
= all; pend (® R1L
* follewing specinl TTestwent spplles ©o event data cnly L} ]
L H begi | 1 {tid=8) sxd (1>1) sad {inchar slfas[i]<>seqeonst) mad
domning o= mil; dead = nil; i {ineh u!u[:]*uu“aun then Begia
and; 4 ] =
1 wiils --l!='l1.:l.} uﬂ. ti 'lunu]l do begln
L8 1f prarissles=ni]l thas bepin ] dezd "= pvarisbles”™ ]
i asw{prarisbles); Af Asndornl] thsn
| HI: 4071 te maIvArs do prarisblest(i] = 8il; | y I.r,ur:na EaEe=lRERAr slEna[1] thes dref-=desd;
wnd; | g
| snd;
55,9 Begla {+ names, SREEER, SETOCTOTA 0] if drefeail thes srrormsg{is.0,inchar.aifss(i]};
| dref ‘= domof (paaad); | i H Lt TAID! i=1] := §; imeaar. lesgth = slfawize
| it ﬂﬂr.;u]_ (3.TF) -lr!n!ll'[l o, panae); (* demnis mamw mnkaowm W) | I daref~_ laamesdrall thea IICBI.E alfun I:} (& ghafisaet
if (1d=5) or (tid=8) then begl (v izicislize nasas lists )| alde inckar.alfsa(i] :® Lotcsnss,
navfaraf); drsf” onamam aref; | ard;
| 11 (tid=E] thas . innaed ol |
| for 1:=1 %o in da beglin § =1
i oraf”.nam _blaakcozat: oref” asenw[i] [1] = "x; Tepast
| 1f 1510 then b pamai (8] [ = ghriard('n’ J+l} slse Bagin astch = (tidecoldfm[)].cable) and seriagaatca{inchar. aifas(1],
| rrel™. B 1 g ] = ur{nnrdlt a9 )=(1 div 10}); | coldfa(j] .zame, izciar lenghih):
| AFe1T . BAREN := err{ora{’a°)=(1 mod 10}); | F LR e T
bl | entil mated or (eolafe[]] . table=g);
LETH | IRLEET
end: |
wnd; (* colusz order imdicated 5y values in the sITay colord U
Bagly 17 ERLER colerd(l] = | alss trl‘ﬂ!'ll'.gfﬂ o, tnehnr wifas[i]):
eraf ;9 criveris; Eatck (= falwe; if E*l % liereandeolann (charvel  ia.av, *ok 1T TrEe;
Af eraf<rnll then repest | T LT
Batch (= snamescrafT.onaEe; | watil 1d or eoh;
1f mot ERLEE GReA ered 0= creft.omert; |
BxEil mateh er {eref=nil); ! colardfi) = & { wex eircalur flag ]
Lf eref=nil then erroresgid,0, seame); (* table amme oot defimed ®) | loezpectid % 0 {* The peXt Llne seq. 20 18 ! )
wod; |
i | LLLH
i H BegLn [ evesat-tables w} | and;
eref 1= il;
end; | | (pmmmmem 1
1a: dbag :® dbag = [gae]: {» clenr dbug codes ) | fuzetion diypeval: deasistype;
| 1 |
i | :f- decods inchar snd retars demain type lndicated )]
i wd; | |begin
| 1f inchar.chara[i]='n" thes drypeval := nomizal
| wlee 1f lachar.chars(i)= ta4n SrypaTal infar
(s process eoliss hasdinge *) if ischar.ckara{l|=" eycliie
| if imchar.chars{i]=" diyp = giprctured
| it (tid » @) shaz bagin I alnw erreresgll2, 0 1zciar aifaefil};
' woh @ falis H e2d; (+ iz=valid valie for iype 0]




| = 20 -

I

.]:mcuddl'l wempatice
act o lateger);

‘(e parform actice me par ‘LEtT O BECEPE lEpas data

Tar

‘procedera critdef
| (cn T alfafrld);

({* to define & criteria ctable
I!lf ¥

o peri;
; Beelean;

ERLZE IE falme;
rn:l (LE} tepun:l.;l do
B T T

| aod;
| Af nat mateh thes begin

| aww{cpl; e;p .BeES I® eriteris; ERT.BENE IE &
| criterih := cp: ep=.ciiscin]

ep™ :11.-:{ i l ep”.tlise(0]
| l:]l tlist = I:I-J EpT.ESRL @ 1
| u.u;

I-lﬂn {* semmntiza )
with pastat” dao clges]

L]

*)

- 30 =
1f tand=sll thea titlesd = tref elew tend™ next = Traf;
tand = traf;

Witk Lref” gl
zext = all; leagth (= Q;
w0t
wnd;
begin (= check iat aEpected )
iF inlintirlaexpectd thes errorwsg(8. inizc.Biasnkconst);
and;
bagln {* title taxt @]
for 4 :® 1 to ischif.lengtd do wref= . vexuli] = inchar chars(i];
Tref” lemgth (= imchar.lenged;
wad;
Eegln {» prap parssstears )
lzwzpacid % Lnexpecidel; oewiprefl;
if pend=11l then parasetars = praf slse pend” . aeEt = pref;
pand = pref;
With pref” 48 begln
28t 0= Bil; nink:ed; mazk:
Bl = 3; b3 = 3; &3 =
initeidd = random; aidepaed = fasr;
caTartp o9 disjolnt; strasgaeritiane, * defatlt
eritdef (critaame); T prabe = 3;
bete (s 5.0; mambi = 0 minel LH
wEd )
wzd;
Eegia [® set clatrs o}
praf=.misk :® 1alak; praf= . mazk := ininu:
wnd
begin " ot trace )

vaams = inehar. alfasfl];
4f (vasmell]='s’) cod (veame[2]="£') then pref=, debag:sabog
eles Lf (vasma(i]='s") nad [vomme(2]="n") chas

ir oclqasler; - prad= debag-sdbag + [q00]
1 if qee iz dieg then begia | slas erToTEAf n:,a,s....g?q
| writa(' semaztice: mct = C,mencd.t celmmm ¢ ' celumacl); | and;
ckia o7 of I
Mt'l'll.::l u'Hl.ﬂ.:E' nevel): |
intval: writele{' Intwval=", ininc:1); | af= bl = imizg; * )
|Toalval: writelal® reslvals® isreal:1:3); ! FE & {* sot Dearietic t o)
|EhATYAL:  Begln Pref= B2 := laiax; {® mat heeristie 2 =)
1 WEitel(" charval="}); |
| | begin [+ pat initmathed +)
if inchar. sars[y]='p* uln pred= . inicEtkd -@ rasdea
1 aloe Lf dschar.chars{1]="o' then pret- izicethd -®= armeth
| | 4 wlen errorasg(33,0, tnchar alfan[1]):
i i and:
4 chEe RO of ] Dagle [+ wot addipesd )
i Lf imehar chars[l]='s" ties pref* aidspeed :® alow
EE begla (s prap tizle ») ' wige 1f inchar chars(1]="f" thes pni‘ nldapeed = fast
losxpecid :F Inexpactdel: aew(rref); \ wles errcraEgidd. 0, iachar alvamf1]);
- a - | =32 -
| |
1 |
L1 H I I HE begin (% mat variable same o}
| 1=1; atrasgnivaem,
Al BeELn {* sst covartp =) | | while (imelar chars{i]€> ="} sad (Le=inchar.length) 48 BagLh
1f inchar, ill“fl]'['l-.: then praf” -carerip -= dlmjeiat | i 1€ tezalfnmirs thek vanma[1] % Lschar. :junr
elos if imchar. uru-l.”: }='i" then pref”.covertp = latersscting | | 1= el
wise if inchar.aifan{i]lif='n" ches pret- cowerzp = ntersreniesl | | wad;
alow arroreag{3b. .0, d1zchar slfaa1]); | | prartables~ [inerpectd]” mums = vhaws: JiEalfasiie:
i end; | while (121) and [wname[]1=" ") 48 j:=}-i:
l praciablonc (loexpecta] = awidth = J;
112 ERgin (" sat bass walue @) | { if imesar.chars(i}=s‘-' then Degia
| pref”.bams = inint; | 1 j =0 straagni{rname, - L
| ond; | | TRpARL
| | 1w el S L T
|1a: BRgin (# se% crit nasw =) I 1t J4=alfanize 'I-h'll wname [}] oinchar . chara(2];
pref” critname (= inchar.alfas(i]; critdef (pred=. critaasel; antil (i»=incher.iasgeh);
| wh | dref -= domsing; dezd !w 2813%;
| | while {dref<>eil) snd (dendwail) do bagin
14: Eegin {* we% probs value o} | f BfT BENATVEARG Thed dead & draf;
| Ppref= probe = IRiAt; 1= dref® domain;
i wnd; and;
! if dund<rpil b PYATia “{laszpectd]~ . domaln ;= dend
L8 bagin (* prap domains s} AlEd ErTOrE L0, vanme);
mawidref] ; wnd ;
| 1f dend=pll tEes domnics = dref elee dend™ . domain = dref; and;
duzd : raf;
| with - BagLE i prarisbles™[loexpactd] = comt := isizs; (* set variable cowss)
| straage(auma, " 3 EAET (T 1)
dtypa ;= romimml; maxvRloe (= setairs; = H prarisbles=[inexpactd] = .dtype ;= deypeval; (s mat domatn type o}
oEaaew (= all; mwidek 1= 1:
] domsin (= nil: inames = 6il: 24: pravisbles[leezpactd]” maxvalon = inizt=1:(+ set mexveles o)
I and; |
} end; | 26: Bagin [ Prep nanes o
| aref v wil; straagn{rhaes,” 2 lanxpactd := 0;
|18: dref~ sams := ipedar.alfas(i];  (* set dowsis maae #) d;
117 dref= coss (= inlac; i wet dommin cost e} | |28 bagin {* mot Talus #})
| | | Inexpectd = imimtel;
1a: draf= duype 8 dtypeval; (s men diype &) | | 1f (vnama[L]es® '} thes Begin
i | inciar.alfes[l] := vaeme; eviEcharval; semsanica{27);
1o dref” amgvalze = lalat=1; % At dosals mazvalos =) | wad;
i wed
H-H begin (s g varinles ¢} I
i Inexpectd : loexpectd; o LIT L] (% wot neae o)
rdl): vEame = inchwr alfus[i]; red 1T Srelt . onames;
un:puud"hm Baglh it l[rtrlr<>nul a2d (Inexpeetdsd) then Eegin
eoat s 1
mRavalae IHETH uu.u- {i€alfusize) do Eegin
strectlint := ail; 1f (vname[1]%°.°) and {nltt[t-L]-'. } thea Bagia
izsmemc=nil; i for ]:si-i dovato | do raaze(]=1 —un[Jl_
nwleh ‘= s; ] i= inexpectd mod 13; | erane[1] mric; LTRSS B 1oealfantze:
i i® loexpectd div 10; wnd;
1.1 180 then onme[2] cw chrierd('0°De)] wime Begim

:w chrfordf 'O dei); (1T TN

zamn [3]

—

;e car(ord(*0°)*]])

1w e

wRd;
aref™ names[inespaced] o wmame:
1f imchar.lexgih » slfseize then ibchar.leagth
Af inehar leagthredref™ nuwidth then dref* pwided
and;

(% mlinslae;

1= iachar. leag”
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wad; emd;
| if iaist ¢ O then srracmag(id, 0, voeme);
m: Begln (e ;!"r sLrucEEre o) cvozintwal; sessstica{32};
wref = Bl laezpectd -= 0; #Lrasgn (vaame, " "1 and;
and;
| az: bagin {# stroct subvalus =)
F1] begin {* wuroct naaw o) ] 1f srefssll thez bagis
i roame = inchar.alfam(1]; praf = dref* ostroetlist; lnegpactd EpRitdel; rwork[lasxpectd] = inime;
| 1aiat ¥ dref” 'I;.l!lll.l'l; | i #
witle (srafernil} do begis wlos begin
I if [voame = sref”.osae) thes Begla if inintezdref=, pazvalas then sTef™ podedafs =
i iains % sref”.valu; aref = all; | eref” sodedefn + [1a1nt]
H ol | |
| alen begln i | wond 3 draf” struetliet:
| ir ’flﬂ valesl) » laiat thes 1sia% (e aref" . valesl; i | while !4<>nﬂl :elu 14 ] -
| #rE LLE N | “.FaluTisize) thea aTef”. sodedala
! wnd; arel” . aodedefn = sand™_ nodedefs;
| : | wand ® send” . neIt;
| tval: semantica{3a); | wpd;
LLTH
| "ed;
|am: bagin = srraer valowm =) | wnd;
I if inlat <= dref® mazvalos thex errormsg(30, inint blasskcomat); 1 |
| Wrar T drars l'l.rl:tul[t I-;';EI. b, l'l].n; | |aa; bagin {» prop erin »)
| wEile fernil) mad (2ot match) de begln lhexpectd = lonezpecid + 1;
WAtEl T sref”. valusinian: | if lasrpectd*mafcrit thea arrorasgiid O.blazrcozst};
| if oot eatck chea soef W srefconers; i el
1 L 1.1 ] i
| 1f wraf=nil theh Begln | 1 H LT+ 0 {* st crit noabar =)
asulored); srad®. vala := imime: sref” _name = vheme; | craf=. clist[loexpacts] := imias: cref= . cest = lasxpactd:
.BEXE ;= nl:l.. erei= nodedefe = ‘ wad ]
ebd = dref™. ptractlise:
H mangTail then draf= prractlist = grsf al Eagia |8E: Eegin (% §&% talsrasce #)
while {se2d”.nexternil) do sazd - ‘ | eraf.titot[leexpaced] = farenl;
#ead” . sext 1= apef; ond;
| wnd
| ‘ L Bagin (¥ prep wvect date +)
to lnexpectd do begin | Lnerpactd = lnexpectds);
indan := reere(il; IEIRLYRLl; Semantice (23] | : t: |n£un;1 then wref % aref~ . meXt sl98 eref ©9 avente:
whd; | arafsnll them bagin
Lawspectd := 0 i arel = nawepls; EENAVHOLE = zomeventesi;
and; if srefenil them srrermeg(36.0,.blankconst):
| for 1:®1 to nr do eref™ actarnfi] o= [1:
a: bagln [l {* surges n:n:- #} i | i lwfﬂt'lf“fﬂr cir aref=, :np (eraf= mapl aref= . cost 1w g
vEREE T (Rghar.alfas(1], ied o= dref” siractlisd; | BAAEE (ofef” map, 1neXpectd=-1)
inian =iz i I ir ﬁ“l:hil ilrl QNEH H 11“‘ slon wead™ zext o= ared;
waile {endcrnill and (i3ipt<n) do bagin 1 | wEad = graf;
| 1f vnaae = mend™ .oame them 1miRt '3 meRd, vale 1 | wnd;
| wime meod T EERST E4EL) | wnd;
| a2d; |
nraf o= drel” lnaEed :.!?' begin {® avesT IGE Taluwe)
ir {:.zu <o) I-.-I tnnluuu:l . begin | | L ;= wprordleclzaal :
R | 17 dplsgipvarisdles=[1]" waxvalue then srrormsg(ll,inint.®laskcons
th‘.i (lzinted] mnd (1e=dref=.maztalun) do begla i
1f voame = nref™ zases[i=1] then lzint = & I aref* gelectara[i] = [imtas];
| LT H ! | wnd;
el
; - 95 - i | ==
| |
28 begiz (# svezt nams Talues) | LLE tl Hu: PETANETAT &)
| i := varord[zolome]; nrn r= prarimbles® [§]*, inames; | |
J o= b | 2
-m..l (arafcrnild and (h:nJ and ! <swazlevels) S0 begln | a°) axd (c<="z°) vhen preflage = preriage + (e]!
Lf nref”.asmes(jl=izcear alfesll] then k:2); opn::l:m prient .pu. :u:;n :“ ] }['ﬂﬂ]
" f=l; in preflsge & | = dbog ¢
1 '1n o, iz preflage & I'HI. FI
| it k=0 then -rmrlﬂ:iu 0. inchar.alfan(1]}; ' ia proflage Ghea pnﬂq- = U B E P
eraf_melectors[i] = {k=1);
end;
=L H (* debag anme ») :
| ] = ?H = a0, Fraae o® lnchar. alfsali]: wBd; (¢ pemantice =)
| while (s :]W} ud ul«quui o begin
| statnamisl, i) procedorae db
| if Toamw EEILJ““ 8] = @1 {keyvrd F :lfun-
g BL i§ mmcciel); RCT Podan T
¥ ] coav { conversice);
1w -qﬂn then lrmrulil-l LR T T
| dbag := dbeg + [m)]: (= defize hesder Eeyeords )
1 aad;
[ |t* tbe rormat 1s: ax¢'vore “t14.8ct.conv) o)
A0 FrefT.R8 o= lniak; {* #a% B3 #] {» whers t1d 29 & Ta514 14 BEEber, mCt 48 & SEERAELC action nimber o)
{* amd comv 18 a8 1spst convermicn cods, LGYALY 1T mothing in resd e)
H1E pref”.mink ;= ialan; (* min & #} | |
i Fref.mREk := lpint; (# max k o) . begiz e
Fraf=.bata :® fnreal; {» becs o) | Vith colafa(ih] 4o begia
- sLrasgn {nans, keyvrd) wable :® tldref: action = mey;
kb pref~.mazht o= imim: [* mazhaight =} :::nrt 1% comv;
and;
i“ Fref”.miosize = inlaw; {# mlpsize &) I and;
LLH aref”.cost = iminmt; {* wvean welght ») | HHCE::H- % ik
LnEw ! ;
4 Eegla n rTlhrlnn name *) [ i wid | datager);
1 i® 13 81 % lzchar.slfas[: |
| et [ |t ter1ze relanssaal vable o)
| Ho - H
I for | 131 to mamerit do begla | (= formas: dul'tablenams °*,tid); )
i (k»1} 1 .;“‘;E: :.E!.k s .'h 1
while nl and (nf[E]ea do k:iek-1; |bagin
H 1F (e=1) sad {aifi] ﬂ[t]! un Tagina | I 1% miget; woerasgs (teldrs[in]  pase, taaae); teidfalit] .1d =t14;
i talet = §: 1 | tidred = tid:
| end; | | and,;
i CEER : |
1 :m ged |
I AL 1 [1 1) or {1881 | begtn ap *)
| ETITintTal; | | islanEconst, blankeonst); BTTAEgn (Seqronst . megkozat] ;
| if 1e1 thiex sepnzcics(34) else errorssg(37 0.at); | | ng:on:nnn_mr:::u::}l; uru'nun.rmn. 1BLEGEET) ;
| and; EElcharcoast, charkoant] e*TERLE
1 wnpd = il aref
48: HEELE {= prep datug =) eraf oW opll; inligese = 1

lasspeced :® laexpectd + 1)
L]

1% sypecodes below denotes charscter clusses: »)
({* §Fraumeric, f=3fi1ll, g=»qI0Ts. EFFElesing data =)




: - a7 =
i

::- blaek denotes ordloary charasctecs o)

typacodan =
sIRBCOSTERI)E BECRQrEtATWITIOLINMESTER=

08= . 008 wrons
st foge

t'[ gt () OL234EATER "'::‘:"
. (A, = IiEEE =
| i B R it e Abcdefgal JklmnopqratevwEyE(]_»
i ih = 0 it = 0 (* coluen hendinge defizitionns #)
de(‘title e (» citle +)
| dn(* “.1.n0vel); (# #)
| du("type f.1,charvall); [ =)
dn{‘taxt *8,cEnrvall; [ @)
If.t'puunrl' a); [* parameters =)
; [» =)
‘5 [# ®}
an( aink 4L Lt :|.:| (=
ah [ maxx "LAZ bnuTel); im
a {

<11, char rll'l

{a w}

*,.13,1ntvall; {= =}

dhi* erluuu 13, charemil; {= =)
dhi “prata M Lotval); j'l =}
dii"bata *o42, realvall; ]
dhi “mealeight Ak iptTaAl) i w}
dhi mizeize ' 45, imvvall: e =}
dbi"priat ' A9, charTal]; {n =}

dl "downinm  ‘,8): {s domnins #)
dhi" * 46, maral);

,charrall;
LAntval);

& :-uru]
¥ I.I intrall: {

dh( "zama

arlvariables ' 4} ariablen =)
&l

* @0, navall;
an{ca RERTEE
CETRS 1T T fL21, ekarTal);
il[‘:nlt 122 1akval)
H en{ "Ltyp *, 23, charval);
| aaf "l!l *oA L lanval) [ #)
| del zanen B (s ansied #)
| dai" .26, mevall; (s =)
| dhivalne .20 danval]: (s a)
1 1] cav  ENRTVELD LI
bl *LET ek 13 (o »)

dt{"strectace *,8); 4] ;ru:nn =]

| -3 -

|

| *.20,charvall; [» =}

| fLAT, Entval) (o a]

| foA L enarrall; (s a}

| A2, tnnvall: (e a}

i def'erinarics '.7); {« criterion )

| dhi" ,!’ rovel); {w =}

| l‘ht't ERTITN (v u)
dh('eriee TR (m w}

H du( erie toM tntwal); {e =}
H:I[ eritarioe ' AT, charval); (= =}
(ol Ak Tesinal); (e =}
di('tolersace ' 3E.reslval); (n w}
dt('avazts ta); {» greate #)

| du(* *.80, 20l {s =)

| an{wagkonst, 2, intvall; (s =}
dh{inthonet, 8T, 1atval); {» =]

| dh(charrosms, 38, charval): (e =)
dn{eoatroaat, 48, Latval); (v =)
dui"onamed L (* entpat=oaly amass &)
&hi® L ib.novel): [+ #)
dniralne *L 38 imtval) (v #)
CLI T T * 2T charval): (» =)
el dabag =100 (* debag control o)
dhi" * AR e H fe #)

2 fo.innvad); (= )

dhi zame "o30.cnarvall: (v %)
n{' the and CL0); (= -J

navall;

® apd "0 (=
» b2t of tare (end of ‘l.“ Eark) o}

L]
(* cha lilt- WELEY NTET

[® we start BY nEw
E' 1.0 np 1f we Bad alresdy seen

=g that title dats will be first o)
title folloved by =)
LYRe  LEET LH

for 4 := | to & de :ulurﬂ[l] 1= 4
| colord[4] := 0: ti4 =1 tezd = il lzaxpactd (= 0,
¢ resd nll relstionsl table lmpat =)
TEpHAL
coloas = B IARLE-H et 1= faldw; achold = 8
exteal = i;
TEpEAT
1 = 1=1; 3 = calord[i};
1f 1=0 thes begin
1= 0 coleen :w 0] azteal 1w i

whd

elie Begln
ev =8 coldfal)]. ceavert:
Lf c7=noval them achold

1= cotarnl)]. neties elow begis

dhi{" " I8, mevall; [n = ealne := resdepiceEnicv, eot. pv, 2xtooll;
-2 - P! -4 -
i i
| colemn (= column + 1! i i | dmteger:
i 1f colamnireolas then srroramg(d.0.blsnkeonsc): H
1f {not eat] then begin | beginm
it uaaluun then semstics (medala); | with pastat™ 4o elqer] = e(gqer]e-t:
wcheld @= | 1i= 0y
if aat v ;hn semanticeleaidfal)] menden): rapeat
ead; | PO B L)
end; | if aot {e1= sainctoralile=c2~ welectors[1]) then 1 := mw+i;
[1LER | H aatil (1»=mv);
i ERTLL @8t | if gtr im dbog then Begls
| vritala(" teower: ',1:1); prefel.id; prele2. 2d;
i m.-q. shen begin o wrd;
1wl & a¥ do if pruuuu*m'.uomwnu tham 'hT | | teaTer = Lé=mT;
aru o= prariables [1]; dend :® pari p=i]" . demain: { i wad;
ars!f” coEt o= dref”.dtype nd”  dT¥ps; |
Aref” maTeloe o= dend” maxvalue; | ‘fazction capeovis (e1, e2 © peomplen): efode;
| iF den wuu{}p;‘ chen dref=. ﬂ.li" A" . Gh AN )
I 1f dend™ inasesdrail chex dref” . liames Bd= :
1f dend” . structlistcrell them dref=.struciliist
dend™ guryetlist; (% 21 in cospared %o c2. the resslt belng one of: ‘eled* if el covers ci #)
| 1f dend” . mvidthedrel~ nwidth then dref=. avideh:sdesd” . awidilk; | |(e “c2el® if ¢l covers ©2. or “ind" otherwiss s}
[EtH 1
| and; 1 | war
| | i EWtagar;
if {21420} then came tid of 1 | <4 | ceeds;
pricieltid, snnand; 1 |
if 'p’ ia prifisgs thes prerluitid. snmms);: | bagls
11 ‘v’ 13 prtflags tdes prerlt(tid.exame): | with pastat™ do elger] = elqevl=i;
81 'a’ 18 priflage thes prerltitid, sname]; | i = 0
84 "z’ i3 priflage thee precrlt{tid, ssame}: | repast 1 8 1+1 masiliel™ swlectors[i]eored=, lllltwu[l]} er {isnv):
: i1 's' in pruflege shes prerlt(s N | if e1*.melossarn[i] e=eld” ctorsli] thes cd := cicd elpe ed = clel:
| wod; { if 1en¥ vhes ease ed of
1 (v writs back what vas rasd )
| eled: Tepeat
if pet eof (lnput) then tablesstop; FEEL L
| astal sof (Lapak); if aot (e~ melectorw[i]€=c2™ . snlectors[1]) then 1 = aeel;
| antil [L=aw);
| T . display them =} |
| tat3all] thea y - ) el ripeat
1 if (s’ 20 prefla and net (s’ ia prefla then it sonme) i 1w i+
P i t s ” i 1f Bou 1:2‘ palectors [1)¢=c1* welestore[1]) then 1 = avrel;
e2d; (e wa wzop mad snd of file o) uwntil [ir=aw);
“{w prim megmant s} | | (LT H
{vRl eluates/s coneeptasl primitiven’ o} & | lfdidzli then cmpoar i od alew cEpEOY B 1nd;
| wnd;
i i!':llu:t.iau raflow(s in ; melEapunit}: lateger;

I?Huu! tcoveris fel, €2 : peomplex): boalana;
.

(o &f 1 im completely coversd by 2. then trae s}

I
T

(» retaras the Bit oembar of the lovest Bit iz @ s}

TAT
- lateger;

|eepin




-4 - =42 -

with pastat” 49 e[grv] = elgrw]=i:
1m =i

repeat L 0% L*1 satll {lzseteizel or (1 im @); {
i refiow -® 4]
| and;
' procedurs grarliz(s i © poompler);
r]uarun refbighis i 2 selmspanicl; i )
¥

| (G* make all selectors sxpressable in vll by appropriate gemeralizaclos =)
i{* revroe Tie Bit moaber of the BLgEANL BLY iz § ®)

|Tar
AT B lntegar;
{ 1 Dointeger; | tlRapanit;
L] i pEtTucT;
glE on. as DoBelmapunit;
| with pastat™ do clgre] .= t[qn]+|.. dn HE T
| 11 [[30..setalze]en} = [] then i % 10
! mt 10 ([20. seteszeles) = [] them 1 := 20 elms L T swesizesi; procedars geabast
| 'Fu“ 1= |—1 sanil (870} 6F (1 1a #); {an T melmapunind;
I nigh = 1;
i lnd. itt thim procedurs maves the bamt-fltoing geasrslizasisa +)
.functlon redlevie in © mRlEspEalt}: lavager: |bagin
o
! H )il ches begin
i 11 8 card (hi=on);
j(s retzras the aseber of biim iz w #}) 1
| i
Beglz i
| with parsas” do r[!-"] = gigrelel; Bagin
| reflay (= cardls 1 with pn-tn." do clage] = elggE]+t;
! and; if gz o dbug tlez h{n
| | wTitals(" genrliz: before (1) aad afeer(2)’); prile.t);
(faaetion refuamie 1] ¢ aalmapunit; e
| ¥ i varide): integer: Nr L7 L te AW 4o Af praciables”[i]”.dtypa <> zosizal thea begis
#) = g~ peledters(l); @ = reflavios);
| : |r = prariables” [1]° eazvalue:
! if (nrL) med (wesws) thes begin
{{® pezaran the soaber of SYESActic seferezte ia & #) cume prasiables-[i]- dtype of
TAr lnominnl: 4
i ;o lzTeger:
I |1inmar: hul.
it ] 8 [refiowlon) .refdighics}]:
vith pastat™ de ¢[gra] := clgral+i; | n.q-
| i :® cardis); | 4
| if 1> pvariables™[v]™ maxzvalee thea 1 = O | leperte: begln
' wlae 1f 121 chex cape praristles”[v] - .diype of | 1 := rathigh{ca): r := reflowfen); LR T
1 £ T wv=lerel; i1 == 7
‘mopioel: while (1i<m]} &5 begin
| B T
inear,cyclic: | Tep#AL | = !=1 gotil | 1o ca;
! 1 =% | ir - 1!:{ Eama 'h;:n
| | i EEE £ =1
stroctered: | wnd
} i =1 | 15 = 15
- 41 - | | - M-
il
=H | | 'Hllh aszat” do cfgin] = efgiz]et;
1¥r thex zo 0= [r..1) #les oa @ [0..1 7. .av]; | | E & qiel
| | | rlpnt
1 | 1 i asy;
(FLrattored: ] if Cei~.oelectarsi]ecd™ . malectorn(1])=f] taer 1 := awsl:
| variables® (1] stcactlist; we =[] mRtil (1=aw):
| 8. .prariables~[1]" luu.lll] 11 ;= setmeize; ir q;‘ HEY g'q‘ theh Be
! ulul.- (apsrail) do pegiy elnf® lnuface: prifed.id: prefed, i) ;
' pnhu(-p .aodedefn) ; geetaet{dn-ap™ nodedefn) ; qM,
| §p ¥ ApT.oeER; intrece 8 loenw)
| a5d; wnd;
i far 1:#8 to prariables™[1]°.saxvales do pezbestide-[]13;
i if was(] txez 2w c= [0, .wv] wine ze o= w; |precedurs extendis (var rolt  : selmapoait;
| wnd; | nl.02 T EElERPANLE:
| v Dodmueger)
| .:
| 0 = e efiage + [efemnaged];
i = omap); (» axtend selecter #l agalost 82, both for variable v )
| var
| 1 ¢ oimteger;
i 1f qgn in dbug then prefe,3); ¥l ¢ pEtTICY;
[IEH
! begin
(procedare refasionds (el. c2. c3 : peomplex): with pastat=~ da ¢ [qea] = t[;ﬂl]—l:
|#3 caon pvarisbles™[v]=.dtype o
| nenioel, cu:l.l.:.
|{= form tie reference anios of complezes ¢ med c3 8] 1= [0, pyariables=[v]= mazvaloe]-s2;
i
VAT linsar: begin
1 T IBLAger; 1 = raflow({s2);
| 4 ir nnw{.nu thez ralt = [0..1-1] sles bagin
bagla @ 82+ [0, 1] relt = [0..pvarisbles™(v]~ muzvaios]-s3:
uiuh pmtat” | u :Eqrnl i= elgral=1: i "“i
for 1 : | LLLH
i e J.lzt-uﬂ [I.] 1= e2™ melectors{i] + e3" . pelectors(i]: |
| woplcl™ map, unles, 2™ BAp. 25" . 00p); |mtrnetored:
i gra i3 dbng nhes begin begia
writal® e ") ;ﬂn.gf::‘.up]: weitel(" c8°);
NTLIE®lR,;
: =
| el=, H‘ngl :m oel*.efl = [efcamaged]:
| if e1e2ed then gearliziel); |
| L H
fanenion intractis fe1, =2 premplex): boolean:
L] i qld in dvug then segin
| : writel® extend: ‘.v.i." from'): prioecisl,'=
i L U T T presetiralt ¥
{n 1F el imtefecta ¢ then trme o) I WTitel” mgminet'): preaszind, =)
| I writeln;
A wnd;
| i toiatager; LLEE
Eegin J funcuicon degimcui+ {c1. €2 peonplex): integer;




"

| H

(e panaras the smber of selectors vhich intersect )
i= peleciors L ¢l which &fe dfcpped are nos ueed o)

|FRF

1. ) olateger:
begle
P with zﬂ. ¥t go o[gar] = eqae]er;
] =
: for 4 -# 1 to av do
(® 1f eard{c1™ selecy ﬂ'l[l]H‘Tml!Nu' (1]~ magvalss then )
| 1f [21° ewlactors[i]eez™ acterp[i)1ex[] then | := Je1;
deglacy (= ),
| if git in doug then writeln(® degisen: ° §:1);
| wod;
‘fazction bassele (var hesd  : peosplex:
eritl ©OATLELANG; :
& ©OIREAEer) . peoEplex;

"
| B

ad and v}

[n thin faretlon ecazs dowe che 11et af mp:“" from B
i[* plekm eEt LM @ ich im . BEgard E Lo the cosk =)

[* the welected Somp. in removed from lh it and & polntar =)
I[r to 1% im Feteroed a)

;1I.I'

| P.op_pap T promplax;

| bestcont : real;

| WwaTrEcoNt . real;
% : reml;
tal : Taml;
limat : feal;
beat : peomplex;
tall D peoEplex;
BEvRERd . proEpleE:

functioa cwelwct: peomplex;

[l Plck complexes vith cost less thas 13m3t from che list, dechaln #)
d cRller L

(0% Lham, ezt Thelr polmter T3 g
label
| "
TRF
wp : peanplex;

whlle 'l!'p(!lulll A blf

ie sp” cr!evlll'[cn 'i=u:1.l: ﬂun Eese 98
! P’P =g
! end;

= 48 =

llln: if {ep=nil] ches bagin

| ERll (= pEp; coalect ¥ pil;
LLE]
®lae begin
I‘? = AeEk: "
{pap=nil) o2 Eead C= wpow BFT.ORIL (T WP

select 1= wp; #pT meat (s ail; 0o

|-||;.u
with pease 4 s[qee] o= elghe]eL;
if {head=ail} or {cndecritl.ccnt] chez Begin

| Hemt = hesd; (* give ot first complex #)
| 1f (Ramdernil) thes bagln

hend:Thead™ . naxs, DEATT . BAXT (= ail;

LLEH

"
Al Begin

(% fizd bBawt and WOrat costs )

| P o= EeRdT HEEL; bentcost = hesd”_critvalsfea);
VErHESEt (T Bealioet;
while {pernil) do bagin
cat i®f p~.critvalscn];
if {est<bestepst] thex bestoost (S oEL;
if {catdvorscomt] thes werscost (= cEt;
p = pT.oaeEE;
wid;

wol :# ¢ritl.cltetfenl;
if tel<d tiea tol := -tols(worscosc-testcost);
limit -n bestcost + %ol

i{' Bave Ril compleses witk costs Below Qimit to new llac &)

wp o= head; PER ¥ mil: aevhesd (= cEealect;
i p = aevhead;
| while {;ﬂnnl o Bagls
| 1= EEAleEE ) BT pT.EETL;

if! il only oos complex, Jost TETOTE 1L #)

| if (zevhesd™ nezs=nil) thes begin

| best 1= pevhend;

: end

|t* elow tnvors veste to welest from Lm0Af EeTeral =)
|

eles bagin
baat = bestclnevhesd,critl. cael);

| wnd;
whd;

if (railwnil) thes head = pevhead elde Sall™ next = oevhesd

- 4T =

if gqbe 1n dbog thex writals(” Beste:  erd(bess) i, cas’ cm:l);
Badts ® bast;

) #hd;
procedase trimie [} integer,
i Yar cliss 3 }GQIFLII:

eFitl Toerdnlietl:

¥}

(* trim coEpledss to g best accordisg to specified eritarim o)

™

pmlplu. {* polnters to complemen o)

P BB
4
1

Begle
with pastat™ do c[gte] = tEqﬂ}ﬂ:
if gtm iz dbug then writeln{® urim: “.qii):

|{* makw sure CTit VALIWW ATW Freseat o)
! p = glies;
whlle (pe:ail] da bagin
if cfchanged in p*.cflage chem critvallpl;
P i® p.mext;

wnd;
| 1= 0 £ = clinh: Fp = mil:
repeRL
o p o= bemne(z,eritl,l):
1 E;p-nl: Lhea Begla
= Bl elisn im p;

i

wlee bagin
PP ezt C® po PP @ P
LLEH

wptil (40mg) orf (ppeall);

:[' eTarything Iafe ob © 1i0t caa be freed #)

while {cerzil} do ¢ := frescplz{c);
ead;
[e1 , e

E;u:tinu apndianis ! peosplex ) @ real;

‘fereapates syntactle S1stascs Batosen tws couplexsss)

war
d, 24 (= wom of syntactic distancae o)

(% salector lacfemmntar =}

- 48 =

with pasiat” do clqsz] := clgqet]+i;
g4 = 8,9

far 1 % 1 to a¥ do cams pvarisblesc[1].deype of

nomingl: 1f er”.selecters(i] <> 2™ . welectors(i] thez d:=d=|;

jlioear: d:sde{abe{reflovicl”.selectors[i])-reflowica selectera[Ll})

J prariables”[1]°. mazvaln

jeyclic:  bagis

1 dd o= mbalrafloviel”
i Lf dar{py [1
| VET1ED 1.8

[2.0 + da) / prartables” I1]' TT LS ETH

seraenered:
if 1. welectore[i] < c2™.selectors(i] then d:=d+1;

and;
£f gE% in dbug then writelal” eymdist: ", d:i);
|}:HIII LN H
and;

(= oper soguess #)
(=81 cluacer/2 speraticeal primitives’ o)

Inrtl.uu. aeweplx;
|&s T peomplex:

)

(s got azd isitislize s complex =)

(* reterss poiacer to new complex or 31l v)

TET

i lameger:
] i peosplex:

|begin

with pRSCTAc™ do :I:qnx] = elgar]=1;

if pemtat=nil than Bog
T pORTAL) patu.'.‘.uli'ru LB
eatat™ . ffeeclet = all;

T avrEaXvars thes begin
writeln{'zawepls: &7 too large'}; Ealt;
end;

BaulpoRtat™, cverk);
and;

P oi% postet*.fresciss:

if (pEnil) thes Begin
newip): Fratat=.ffeeclot :® p;
POSEALT . BIEESLLen ® postat”.acegsitensi;

PONLAL™ ammgoiien



- AF = [ - 5 =

FEALALT RENEFEE T poRLEL” numiTee+l; 41 = d1° doan
1 FoomaEy = Ll
wad;

pu'.u Sreeclat = ppers; pontat= lnr:u (2 pontat™ manfres=i;
po-crflage @ Irruu'u] T i
for 1:=0 to sumeveats do p~.mapfi] (= [];
pooEext (= ail;

wnd;
| i uzxul RRem bagin
n!.:l.- uu:.'lJ sad (42=n11) do begin

4l o= prariables~[1];

Lf (41" .names1d) ches 43:=d1;

i
| | Lois iel;
1f gux tn dbeg thes vritein(® sewepls: ', erd(pl:1): | ‘ nd:
ol
EAVERLE [T B | donaf (¥ 43;
[IEF wd:
[ |
:hn-:ual freecpls; {» free » complex o) I '
e Qe © proNplex)i prosples; |fozetion prealfs
LH] I (n ¢ alfa): integer;
& placew complex ¢ oz fres list #) (v prist oculy lesding contest of alfs =)
var TAr
| P o peomplax; :. (11 ::::ﬂr.
I H
| megin raonge boolean:
| with paatar™ do s[qfz] o= clgral+r: l
| if gfr 1z dbag ez writele(® freecple: ' ordlel:l," *,ord{e” saxt):1); bagin —
o1 o= alfen
e=.cflagd =% c™.eflugm + [effres); wnila [envl) ud :-Eu]-' ") 45 wmiven~1;
| P % postat” freeclst; T“Il ER T O
while [pirnil) do 1f c=p thaz Balt : if r then 1:%2 slew L:=3;
| frescple = rl neEL; - :0? nu & }4;..1 do begia
| z ) [
i £=":'“ CRMELA P posEy if raoge med {e="17) t2ea write{ewrpat.”..') eles writelcatpat.e);
1 1+1;
fasctics sumcplele  latager; :
Y] preaifa
| v wnd;
((® reveres sie pamaber of remsizing fres complezes o) ! ln:ﬂiq:l)nﬂl
I E
begla . ‘ v
| RERCRLT T POSTALS.BUNITEM;
| n!;p 8 (% prime value of selsctor #v; retars mom chars written #)
r action dowaf (s {1d: wifs}: pdomsin: ‘ ar ik i
1 L : LM
| H | W ! integer;
[(v fiad domatn Sefs af varisble defs of given nams o} bagin
{ if (vh0] mad (vewmw) them eref o= pvariables™ (7]~ .coames else aref := gl
|var | if azef=zil then begin
| a1, a2 : pdamain: [ | Af TalrEl then beglan
| i :odnteger; | -“-- prevalival div 109, w): val = tal mod 100
| | .
bagia alse w30
| di 1= dewnips; 42 :® nil; | | 1F VAL then w o= wel;
| wiile [d1¢%311) mad (d2=n11) do bq:tn I vritairal:i}; W= wEl;
| i {417 namesid) cdes 42 0= di | wzd
— —_— =
- Bl = | | = B2 -
elee w o= proalfainred™. asses[val+i]); { dlm © char);
| prival (= ¥ |om
i wad; } | H
procedurs printoeal | | TRE
ir 1 rea}; 1 © intager;
o : lataper): -
TAF [ . for 1 = @ to #steize do 1f | 48 § Shes begin
1 : dntager; 'UI':HMII. 1 dls kg
and;
ibegia wnd;
| 1= 0;
| AF (wba(F)<10020.0) thew 1 = trenc(r); { procedurs preaapis (var a T avemapl:
| Lf ter thee writel® “.L:(w=10) ales writeir:v); | i*)
azd; l H
|
|procedare pricrit: (= print erit hame o) wr
e {a !.t'l:!ur', dlm
1 ) TAT Cin RLERJ 1
L]
| Begin
Tar dlw := '=';
| i.) © integer: far 1 := 8 to aumeTEeLE dn tl' |[1]{=-K:| then begia
| P : boplesa; {® print reqzes: #) prt.l-iu{l.l CAlm);
| T D boslana; (e PLEAT JuRtified )
| “‘_
|BeElE i
| . i := §oi= ehl[l]-’p i r o= ehaf1]epe; | |puu|'|u pruie (e : peoEplex;
if I.<il “n P! | a : inkager):
| ir {120) sad tullueri.r.} then caew 1 of |
.;: -u-np[ega ‘apar 3 i
: #tradgs(cha, "dim N H
a lltlls‘:[l:ul.'nl“er " (* procedore to priat & complex )
4 #iraagaicka, “bal 4 I
'B: atrasgaicka. “cow 5 | FaF
|8 strangaicta, "dim L i 1. ] t iBteger;
i s:m‘u#:“.‘lll ';: i
i atraagnichs, “pApArs ‘hi gl
i ur--:‘:{m.':lgm Wi | 1f mim0 thes vEitel' complex *,mil,'(*,erdfe):l, "—r' crdice.aer):i.
| and | )
| :}ll Enrasgn(chz, "wokoows ‘1 ! | ;1.“: o; pR——
| B Shed Begla | e
| 1!1:.-:? uE:1\-11ut'—'J wlse writel® “}: :ﬂt=‘.l“l.:.:lli:;;::rllﬁln.::;:':-::
1 wTitelcan:-@}; or =
(LN i I princrealicritvalafs].2);
ir 2 Begt wsd
| l! y l.:!':.!:l G P | | -.rr.-u;.:t' .T;;_-‘ ” prizapinapl .
1]at = =i-1; or =
| '; =.i':|'m s il | l EE rln-r{uh:w-h]:cl;nr:mnn (63 1 n:nlu then begis
if 120 cthen write{" - | writs(® [x'.1: pr:--t.:nuzwn [1],*
If 240 then writed =") elsas write(® °); I | wrlte("] 'J; ] x
| for |:=1 o 1 do write{ehn[]]1); il‘udlfj eod 8] thes writels:
! nza: N

(L H
| writela;
procaders prosetis (n : selmapinit; L and;
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: rogedere FERCLE; L] Print & relwticnsl cable )
.?l‘ (tid © lnteger;

toaas ©omifalk;

- B4 -

Af eref= vexe(jie’ "' " ghen £ := re00)

alen 1P tref® text[]]=""" then f .= f=[1].
8L in f sk

18 9 1o f then e:=" " wlew €:8°°*° gles ¢

o) writelel;
| | for | = 1 o ETef”. leagth do writeltref=. text[}]):
Jiw primt » relaticnal taple =) | writalaiel: tref = tref™ aexs;
] wnd
var and;
{ 1. J. X lam isseger;
b 0l : 2: begin {* parametars #)
| de, 1la | poef o= puowEeters: hisr = fales;
trefl | whils (prefcrall) do begln
dref | alar = bler or {wc!‘.:nurtpauuuu:un
] peat praf = pred= sest;
i aref | I and;
! et : 1= writel* wisk maxk  traes Bl B2 h3 inftmethod aidapeed
{ craf perlL: I TCOTHFLFpe criterios bass  prake b
| arat FeedpleL; Lier then writels{' maxzhelght alas wriiels;
| f oaes el B..1; pra FATARNLETE
c © char; while (prafes
Bler : boolmmn; writel mazg:E, " ¢
Vel B 1AL i =10l writal® are ')
L] L -“Hl"lﬂ.ml CTH Hﬂht' o8 “) slme writal® wee
bagla | vr!.u[ph!‘.hl B.praf= b3:5, pref=. ha:5. " 'o4b:
| wTitaln: writela; wTitela; | if pref”.imltathdsrandon wriL undon ,' *a0)
caaw tid of | wlew write('ermeth', ' ':8);
vriteln(" if pref~.nidepesdeslov then write('slew ')
writels(* wlee write(*fass ')
wEltela(” | came pref” covertp of
writeln(” |disjolint: writel' dimjolet ')
Begin |tntarsecting: write( iatarsectng ');
| ksl ‘e prealfsitasme): wTiteln{ -numes’); | illiru:hlcll: writel hierarceinl *}:
| wnd ; | .-m{.
. bagia | Flllhtpn:'-:rhlul]: writal' :lii-1));
| weitalt ); i c# prealfs{tosss): wiitela( ' -wiroesare®); Im.n 1 bame:2,pref=. preb ; TH
| nd; if Ililr then writels (pref™.u Tei@l alew writel
|7 Bagin pref = pref” . nast;
! ﬂihi' i 1 = pralfaitaame); writalsl'=critarion’); ! azd;
wnd; | wnd;
l -B: wrizelal® eveznet); |
! bagin LH bagin (= domning +)
| write® 'k 1= prealfsitzame); writaln"-onsmen'); ' writelal” LI T Tp# lavels comt’);
azd; draf := domsing:
| Wil tlﬂ!tuil) do un:
H-H writelal’ debeg'); | wTite[' 1= prosifaldeef= nane);
wrice(' *: (12-1}3
i‘ wed | case Irnt" dtyps of "
i ennw tid af i | 'JE
i eFelie: H
segin (e title ») |ntructared: writal'structared');
: wrizelal® 8 titlet): Lraf W Litles; Lo i | wnd;
! while (crefesnil] 4o Sagln | rrit.-'u{u-u‘ maxvalue+l: 7 dref= eenr:iid);
1= B+ vriteli=h.* ") £ [ draf := gref*.deasin;
for 1 = | & tref~.leagth do | | wnd;
g
- BB - | ‘ - B4 -
: |
. wnd; | | wTite(® valae amas N
¥ | 1f dref”.onames=nil thas for 1:91 to k 4~ Wi subvalae =3
4 Begln (e rariablen o) | wlow Bor L:%1 to & g3 W7 suknane L]
1 wu.cln[‘ ¥ LFpe luvals colt  mame'); vritaln: wref o= gref”.structlisc:
| far 1 - to or eo egla uuh [erefernil) do bagla
| irr't-tt'l & 1:=0;
' caan :urubtu [1]* dLyps af for ]:=0 to dref”.saxvalos S5 Begis
writalasmleal i 5 I 1f ] in sred”.zodedefn than Bagin
WFLLe (' liBear g ] if 1=C then begin
vritel'eyellic 3 | |
(BErRETATNd: vritelauractared )
| wnd;
| rrtl-n(plrl.r]ublu" [4]1= muxvaleest 7, prartablon=[1]" coms:0.
nol
i ] = '}HILft{rnrll‘hlll'[i]‘.nui H J[J"‘l”.
| ir w:.rl.:m # (1] domain€snil thes Begin
| J o= '~jf:rn1h.tp!uul1n'[:l]' domais” . name}:
thax baglz
vr!:o:l.:. writeln;
wod;
! [EPH
B.@: Begia i :=opral™ . maEn;
| write il 1.50 them Bagia
draf for 1:=i+l 0 Kk do write{"8"." ":i1);
| if {drefcrsil] ches uun writeln:
i came tid of end;
: =eaf 1= dred= inames! amd;
LE aref = dreft, apames; wed;
LT H and;
| if (eref<aaild then begin
| for 1:51 to dref” . saxvaloe+l do hegin T bagin [ :fj.:u—j.n“]
| wrieali=1:6, " P H Ji=prealfntarer™ anmen[i]); writelal’ criterioa wolarance'): eref T griterds;
| wELEala: H whi ::r-runu: o begiz
| wed; if cref~ BREOSTEANS TheB Begly
| wad; for L:=1 u !rl:‘ -:en- da ba
| LLLH write(
| wod: yrs::m:r-r- :nuH
f vritalaerar tline
ILH 1T 441 (# strectars =)
dref .= dosof(tnsme);
i ldrr:rtnltl Eken bagin eraf [T S TF 0
i H BATIAT; ad;
for §i%2 to 8 do begis whd;
i dE pred = dref.stosctliss: |
| while (szef<rnil) do begla | §,-8: bagin {* avents o)
B i3 card(mref” . nodedsfn); vrited” L eref = events; wiad = fales;
! if m91 tRem moTi | viila (srafrnil) snd set vied do begin
wla oo [m=)]=1} div §; WELed CF ETEfT coEtil) aref = aref™ next:
de :® dc o+ (2la-1} = {oloef - w): and;
Irll‘ 1= arefT.2ers; 4 wied thes write(' Wb "3
td 2 i :-Il=l then 1:=0 -llu 1:=paitat™. avaztcel;
! 1f [ded1) then begis b
| 1. =de: Eis); uul- {uu} -me {nﬂll—ﬂru:n, do begin
| e 1= ge1; = pruln[?nrlnl-ru]' ama)
wnd; write(® ':fptu‘l =f1j=_mwideh=2=1));
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B m s pyariables”[1]* swidthed:
and ;
PONTEL™ WTeatcol = f;

wTitala; ] =8
[ aref -® sveats;

- BE -

|

.FU:I’HIII Feduaw;
e fe

.

?
|

[ redace sparwaness Lo & complex o)
: peomplez):

| wille (eraf<rail] do bagin var
| H L& Wl P
| Lhel Writse e H
1 =2 1 to postat atcol do begla | i E
it eref”. selectora [L]ex[] chen & := |
| L F::lil'"l'lwl'lr|l‘-_llI.u'uh{:,]j.J.] | Bagin s are]
wlew begin with pastas” do clgrel = clgre]ei;
[ B vritelostpan, 8] | 1 qre in dbag tams writelsni’ radgee:):
L
writel® *i(pwariables [1]- avidehe2-x)); | [* & complex 18 redueed By taking the refasios of all covered svents #)
| ":H_ . — PoIT avagie; oW I pomtat”T.cunrk;
' Ll . e . H a1l
and; {[* stare with sa enpty conplex
|I if postet . evesteel € ov then priclu(-8,toame): l#pf!".np,clz,gv"[, .;rE_“p;:!l
I LLEH foT 1 = 1| to av da v .eelectora(i] = [];
10: regin i : i® datmg +) while perail do beglm
| wTitelnl'  # mametd: L {* srpand the complex ta cover emch coversd avert o)
far si:=mncc(qld) ta t in if teover{p, ¢} than refuniealew,.ow, pl;
i if st in dbug she P o= pT.nexn;
| 1= g4, aam(pl.a); wrltela(i:4." *.a); and;
| {* replace old complex vith aev comples #)
‘ EC.NAR 1T ew" Eap;
| | far 4 :® 1 to ov do o”.welwctors(1] = ew melectors(i];
| | (= gaseralize complex mizimslly o)
| wrltaln: gearlizie):
i [T H I'TH
i Frecedure setmap; {® wnild svent fara ¢
iprocedars Eop; {# #o% operations sxtended to an AFTAY Of §at§ &) = e g : peonplex); e bk
[{® five ®et cparatlons ars implemented om an array of sets. tie SBLY Fempon | *}
for t4id is the cyber pascal Iimitetlcn om set sige. & Tary large # 1 |
| im tmplemezted my an array of emRll sets u) AT
il:' (var mi: sviEap! i § ¢ peomplex;
cp : mapcd; 11 ¢ aviaap;
| Tar ad. 83 evtmap); r .
bagin
with pastat™ do c(qep] := elqepl+1;
|var " I Af qep 12 gbeg then vritels(' sesaap:');
¥ i | eger;
i | (% clear wvess Eap of coversd eveats 1)
| sop{lmep,elr, lnnp, 1nap):
ai[a] := 3 (* ex#ck @nch #vabt to e i coversd o}
= (@, _dstaiza] i P IT EVERLE;
= ER[1] - eafd): | wEile pernil do begla
(] o= wd{i)] - eaf1]; A1 veower{p,c] then wopllmap.asion,lwsp,p™.wap);
#i(i] s md1] e u[:f: | P IS po.bext;
and! ! | .
| | [* wave wap of covered avents iz ecaples =)
A= i P
- 5 - | | - e -
i B
| & map = lmap; | nd;
i (= Lf eomplez bam changed, svalzate nll criveria in lef ) | oeedn [ITT 1 [# 2dd az sveRL && &b sveat EAR 8]
if cfcianged in c” eflage then critvaliel; F: (var n DOWVEENAp;
] wnd; i L i inceger),
(fzpetion woard: (# calcalate cardizality of as AITEY Of #ata o)
ji= [var map D AVLEAB) © totager; AE
|-} wewt, #bit  : inkeger;
lvnr bagin
| i. ) : integer; {= detarsize which: set 15 the wet AFTRY SORLALON Lhe eTent,
Theb add Lhat avent te that met s}
|Eegin WERL CF b odly (metelzesl); bl s be(epete{gataizev1});

With pastat™ do clqual ‘% c[qud]el;

;‘.- B cardizalities of all sete 1mts | &)
for 1 ‘s 0 o msesvests g0 | = Jecardisspi]);
mEArd e o

if qed 1n dbeg chen writels(’ weapd: Y H Y H

wlnap: (% bulld event map of svents coversd by any clostar )
¢ peomplex}:

| withk pastat™ do clgeq] = clgmgleL:
iF qeq 10 dbag caen wTitelsl’ setlevelmap:');

| {® slesr lavaluap o)

| sepllavelnap, clr, laveloap, Lavelunp) ;
|

[

{# ren down 1tst of elusters asd collect uniea of covered avazta =)
whils peapll da bagls
1f mzard(p” map)=2 th

#etaaplpl:

| SSpilavelanp. ehica. dnvelanp p- . ap) ; pos pLmem |
| od; |
1

reseticn nomesl; i* compate mumber of selectors in & coEplex #) |
t; (= © pesdiples): integer;

.

I'I'll'

| iLr ¢ litager; ‘
begla |

with pussar® do clqul] = c[ga1)eq;

far 4 = 1 % ar g |
if cara(e”.selectera[1]) <= prariables™[1]~ maxvalue tian r :® rei; |
| . mwmmel e g |

|

|

| (% conet nem-drepped malectors iz r )
| =

1

wlewet] ;= alowen] = [evit);
wnd;

|Enmeticn min;
e s

] TAT B
Lh]
AR
aiet, abit  : lsveger;
begin

the avent sy be in; cheek £f tars o)
zeel);
#h BLR (= fales alew Begin

mEtElzati}); uin i eblt iz wmleser);

fedctlon meowp: (* compars twn svent sets o)

. (var w1 ©oaviaap;
t T TH
i Tar ul T oeveaRp) @ Booleaa;
It}
|
!ll.'hll
| aea,
| HIE
|Tar
1 i integer;
L] : boolean;
|
:bl‘h
| b= falge;
| casw T oaf
LLN begin
[ £5T 1 i® 0 to nomevests do ff si{i]exn2[1] ehea pevs #E:
| Eoto W@
BTH do 1f ot (wi[1)esn2(1]) cren goro eie:
eq: do 1f no t-JEI. =x2{1]] taes geto 30,
il % 0 to newvests do 1f met (m1lij3we3a[1]) thes £9%18 §09.




1 and;

®Ad: b 3 Lrm
Qig:  mcoEp (W by
i and;
[runensen waplew: [ determize lovest event number in evest set o)
*  (var m towvEERp]: LEteger;
I
ilabel
(1]
|var
| 1 : lotager:

t- find lowest wrraF #et that is aot SEAPLF *)

for 4 1= 0 to sumevasis 40 0F w(i]ex[] then goto asE;
waplow = raflowinlil]l + (lesteizesijeq);

[1.l'H

,runlon wucird; (* compated veighted srest set cardlaslity )
| (e (7aF Bap:  WTEERR;
opi  Laueger): loteger;

l#)
TAr

| v : integer:
| -] peomplex;
|begzn

| AT pawelghted, 28¢ plain woard w0 got candimality e}
| P ROt postat™.vied t card (Eap] else begln
| ll forn sum of welghte of covered sventw )
|

|

i

|

r T2 RvERLE;
while {p'uu ds BegiD
1 meomp(p® map le.nap) thes v (= w = p=.cosn;
FoiT pT.OeI;

i
{Famgnlen labe:
(1] (w: inmafer): lateger;

(* trace om 1mdicatar #)
candint =}
erigval =}
cluptar =}
chproT =)
arcand s}
frascply o)
georliz =)
1aLFECE #)
iid )
aumeal o)
neveple »]
redace #)
rafhigh =)
tafaus *}
nicy =)
wr 0

EETABgE (A, 1nr:]||,[
SLTAEEE (B, 'Tedntw
strasge (s, 'refbigh
strasge (s, 'refoun
straage (s, ‘refosion

(111 'I'\Illlj- L}
wtar o)

seRLACicE *)
qet: BFndLEL &)
quE: trim #)
|qer: wEirasga (o, Leaver )
| g aLraagaln. degince #)
iq:;: strasgais, clastaring )
qLp: SLrAFgalz, "tablendty tablesetap #)
|qh=: strasgale, Budtc #)
|gd= strasgais, Bcard =)
|agh; strasqaia, gropata 1}
|ncg: surassaia, ° clanrcy =
qur: wtrasgain, “sarecy BETRET &)

wnd;

H and )

[+ mal =]
(oil‘::;u.:g:;; BR1Z TOILinEa” #)

procedurs 2id  (» wake 3on-disjeint complezes dismjolint s}

|
‘ (# izciude global defns o)
|
| {er © prever):

s

3] | i, j. eat +
[ | alazsie
begla b ul (* werk cap »)
| 1f v<0 then dabe -® =v elow izke := 7; ! wd (* sveats needlng wESigEEest )
Bnd | ‘ sl {* malen of coversd avents &)
I n 1 x
ProcedIre #TATIAL;  {® gemerate the zame for a uELge coRn | Wweple 1 I:I'.I'I.fgl. saxr] of pecaplex;

aXE] of real:
sxE] of real:

spareanser - array[y
3

i £,
tenpfln

(e elimizats less opt
Dolnnager): LETeger;

:nn.zt.}an slim w¥ent host complexes )
T

AP

i : integer;

mincost : real;
| daltacest : array[i. smzk] of resl:
| e = peomplex;
Ibl[ll
| nincost := 1a@e; allm = =1
; (* :n-:“-o dalta costa m |..!. complezes =}

far 1 = 1 o elonrs do

€ = wepla[i];
4 (% if marenid i &ra Thé £om 1“ Ban llrlll,I baen sliminated #)
i .:ﬂg. it do begia
B glvez tid :r:.t.m.ol u]

!l: Bagin (w dalts sparssnsss &)
| deltacont[i] = wres - peard(map) - sparsenennfi];
| and;
|
2 beglz (= vente placed )
| BopiNt, INTer, BAp. 3} dultneeatt] = = meard(mt);
| wad;
|
It H segin {® dules nuwbar of salectars #)
| deitacont[1] ;= pumeelic) - sowel[i];
| and;
T eat im0 (* canse end of Jedging *)

wad;

fe find minimom coIT &)
f deltacont[i] ¢ wimeomt thek mincest % deltmconst[i];

ta all host complexes TAML FCOF® Worse tham the best s}
to ELEtrs ga 1Lf mee (efmarknid i& weplz(i)= eflege) then
I ir -lll'l'.lcult[t] * mincoet ties beginm

' (= mark icapls liaioated” tf

wepla[i]™ . eflage « [cfaarkald].

0% remember one of the bEst cnes )

Ll
wnd;

(begls (v n1d )
| with pasiat® do ciqud] := ¢[gna)+i;

if gqad iz dbog thes begin
writeln(® mid: mafors’);
l':; 1 :8 1 to cletrs do prtlev pelaster(i],.1);
LLLH

{* slear work evezt sats +)
wopind clr.03.02); wcpisd.clr ud.w2); contaEt o mil;
[+ process sael zlugser, coliscting w1l avescs fn set 53 and all
snltiply-coversd mvents 1 set a2 #)
for 1 ;=1 te clacre do begln
ml = e, pﬂ.nurn]* ap:
ev-. peluster{i]”
sontRzt
for |
wa
and;
wnd;

wop{ed,anion, e, 0l);

1*]1 to cletre do begin

inter,mi, v, peluster[)]~.map); sop (a2, naden, n2 wt};

{* 084 to 22 thows events Bot coversd ac all )
Wt = Elleveats; sopimt, diff, ne, 0d); wop(nd,. oalen. al, mtd;
E aach complex sgeln. fora cors cosplezes for those vBoss
%0 latersete The #et of Eultiply-coversd srents u)
for 1 :® { to cletrs do begis
(= ﬂru make & copy of esch complex &)
e im ﬂ' Ml“t-ﬂ"l! P oiT mavepls;
L flags := tempflge;

{* check if sy bad aTasTe LH]

woplet, inter.c™. map.

1f mcard{at)<>0 thea with c= 40 Bagla
moplmap, 210f map. 02}
[* cieamr the ceaplex )
for ) i= 1 to ¥ do swleczara()) := [);

(LR
"

teapflge
v peluster[i]

{* reduce the canplex Lo Just slRgly-covered events #)

e8]
lﬂl.l-l peonil do begla
coRp (p™ map. le.msp) thex refuzisnfie.c.pd;
PConeEL;

gerriiaiel;
| TH

ia; recompste the sparsess

(¢ svalests the LEF cri
vy if ‘® gT.area = poard{c"

srievalfe)d;
(s zxd nuaber
noselft] :® nummelie);
LE1H

if gad 1n dbog then Bagls
write!’ nid: bad svents'}:

primaping:
wad;

WTit#lE

E* ti"- k host ccaplezes o BRALpIlate #)
1= 1 ta elercs da wesieli] = sewente



e pcluster(j] s g;

TACEEN SACH AVERT In Che meltiply-coversd met o)
sETa. in cover )

= laval ¥ cletrs;

for L :% 1 to cletrs do begin
er.pelastar (1] mezt :® contemt;
eeRtast = e pelaster(i];

[TH

ard (n2)20) and (perail) do begin
check 1f in szltiply-coversd wet o)
LY weamplp™.map,le,02] t3em begin

(* process » multlply=covered svent s) whd;
ent im g |
| | {® rasva criteris on host complex +)
[* hdd the sveat to each complex to fors potsztind hests +) . cflnge o= = oflage = [cfcansged)]; erieval (z):

foF 1 :® 1 to cluesrs 4o begin | sparsarens(]] = e= ares - mcard(c®.map):

| € :m oweplxll): Fefznlenle, e~ pelaoster[i].p); sewel(]] := nummalic);
1 coatert = Aail;

[# form u clustering with u particelar host complex #} (¢ femoTe wreas placed 1nto ho#t from sultiply-coversd set o)
i for | i= 1 te clesre do bagin (m2.000¢, 02,6 . 0ap);
| FT A § 111 bagin ::E;
| e, (R EDRTHER coatext (= g | wnd;
H #nd | | P oiE p.oexn;
| slos begls | wnd;

& . pclunt

r{]]° mert iz comuaxe;
coRtest |3 &, poloster(i];
T H

if meard(@2) > ties vritelnd* nid: meurd wrror');

wnd; (v mines coaterzt hap elasged,
eritvalic]: (= sraleate LEF ») for A A
e aflagn o= = eflage = [cfmarinid];

nlaste il criterion =)
PEl v cletre de eratvad(ev®, polsatar(i]);

1f g2d4 in dbug then Begin
{* wt this peist tiers 1w & potential claataring coRtElBINg ons hest | writelnl® aid: sfcer')

EeERIAE.  the closteriog is the Liwt of complexes lleked via contexe ) for 1 i 1 to cleves 49 prefev. pelaszer (11,4}

wad;
(* c2#ck ta #an Of any complezes fntersect s}
) =0 * TetETd to free pool the @ vErE complezes »)

i J€31 thea
At ket (c.ev™ pcluster [J]) then J:® clwtrser;
Rstil Jrmcistre;

b o
TEPRAL | | for 1 :® 1 to clenre do p = frescplziveplz[i]);
I wbd

|
| ] 1= e
|

prodadars pristace;

® 17 the Bost Intarascts asother comp alimizats 4% #) war

1T Jrelotre thea c”.eflage @ c.clinge - [efsarkaid]: | 1 TOBLALATR

1f pon (sfsarknid 1o ¢ cflage) thea cot:scmuel; | § :oalfs

and; | il : dateger:
! {# 1f 20 TAF BALIAIRELOTY, mOVE 4VEEL Lo eEceptlons san e} begla
+ if cat=d | 1 writela; writelo{® activity statisticn®); 11 " 9;
| 1 gy o then writels(' ofd failed to place wvamt °, | far ol := ."graam to prediglast) do beglz

plowi{p= zapd):i); | i1 := 11 = 20

mopizd aiff w3, p~ map); 1 if 11>lzelesgth then bagin

Jopier .azcaption walea, v azcoption, p.aup): | | 11 i= 8; writaly;

LH | =
; wlme begin 1| write{®  *,m:10, 7= pegrar*. clai] 0}
| (* LpFly 3 aid criteris mattl m sisgle Best host is fdesnified #) I
i aiderit = Q) |
[ THpeat Aiderit o= mideritel; ) o= elimlniderit): wmakil esned; | |
| (% sxchangs Boat complex for original compliex +) 1 .1
! c = weplzl]); wepla{j] @ ev*_pelusnarf()); | procedere Wane; {# main program )

EtOpath 1= fmlee;
ke ;1.'

T —
| -0 - | ! - -
|
] (e gives & patk vector (pith) this procedurs Sries to tracs That pash
Far throsgd the senrchk tres. where nodem 40 BOU exlat, star ig called
| F. 9 FF ! peamplex; [* poisters to com | 8 creats i 20 SutpEt. LA seArch tree contains sll stars oeeded
| praf PR [+ poiacer o par 58 Lake the plveh path aad the set of complexes along the path 1s
| [+ polaters to cor | noted 1n che lizked list starcing from “sextest’. if the #pace for
Eim meATch Lree 18 exdacsted. fales Le retaraed, ales Srue 18 Tetormed o)
i {* statistics index varisble o)
| (v indicata tral of distant seeda o) (labwl 7T v fmmadiste exit if Sres overflow )
! {# clustaring iteratiom comat =)
{* no. of remsining bass mnd probe triem o ar
{* pointer to s lef deflzitlion ») 1.1 2 Antager:
| (® pointer to currert lef defisition =) arity : ibteger; (* the braaching fuczer at & node o)
| (* polrter to titls datk #) | | np in (» tres aode polnter #)
| ..maxbase] of peaver; (e solution set #) H patkoum (# path Lidex sam =)
| (* nuabar of covers wo far #) | £, ge ¢ promplax; (* polaters to complezes )
| (® clock values o
(® sxperiment (pEraSaTar like) agabar =) (bagin
NAETAIT (* tazt sesd By probEsg s) with pastst™ do clqgh] -= clqgnl+i:
cams boolens of
1 : lmirad;: i sTart from top of Tras,,, )
(al alfal; =po=0; centeft = pil; Fatboum 1= 0 EYCORLENL T £V
LR (% clanr map of coversd svents #)
vork D omlfm: {» magrest verk varisble «) mopl{levalnip,clr lovelnap, levelimap); 1 = glatra:
cprliss : peplzlim {» peipter to master avest llst o)
Ep2El : peplzlin E- Eunlr 0 slemszt of mast. evi. list e} | (* process sseh lavel of the tras, Ftarsiag wvitk lavel § #)
Ehead © pEOTEr: # head of a Rlerarchicul soclaticn #) | repaak
coidenned : boeleas; (* ind1cated STENT FOL VRN coBdiBEed &) [ Ievel = isclatre-1;
(® check If tres slready developed this far =)
precedare claster {* form & k-clustering =} ] if nodeliske[ap]=0 thes begiz
v ; peavar); (+ eres sot developed. #o add & node bere.
| ® ov iw the cover data ar wilch tke complexes in the ATty based co pathenm sEawe tres to best plde #)
k-clustering sre placed =) Arity o8 lepEEtat™ . hI-pathsnE;
latel B9,  (# guick exi% 1f geppatd overflove Sres #Lorage +) ( the links belevw this Bode Fepressnt cospls in m star
1 ef the mend avest for chis Level of the © 4 1)
| Tar agaioee sll other seeds (given in cover =vj. partisl
1.1] S integer; Stars shenld be Trimmed to Al moaber of cesmplezes. s
'] © integer; (= corrent pathsss valss Being ezplored o) final # ShEEld FepETL oUL & EAZimna of ‘arity’ pzaber
L] : integer: of cowp! the cutpat from star 1w m linked 11t of
pathaos : integer; {* sum of ranks wloeg search path ) | : it ROt * sumbar complages &)
| fraezcde ¢ ilnteger; (* index to free search Tres node =) € % star({l.cv.pastat™ Bl arityd;
| triew I iaceger; {® number of paths left 1o explere a)
. ol toreal: i lef talersace valow =) % 113k search trae zodes )
€ T (e geuur ta & complex o) i redaslinki(ap] = freencds;
path :oarray i, mazk] of lateger: (* curredt search path o) | ee ¥ g
sodelinka ; packed Irra!:crlilul of trenidx; (v mearch tres lisks «) for | 1= | to arity do begin
asdecply : pueked array(traelds) of peonplex; | (* place mach compl =8 EATEN tres w)
| (% the CompleX &L sach Bode # | | nodslinks| =0 sedecplx[frescodn] s cc;
lmap © eTLanp: | fraenod S
! ceia, emax: arrayo. erat] of real: 1t (fre then begin
H [® criteris ieformatios =) I wELE Arch tres sEcesds izteszal FLOTRER")
el ¢ lateger; (% criteris index #) | PEALAL™ LT = (pastat™ AZe1) div 2,
L1113 : boolean; (® indicates et cleatering fomad o) wrltaln{" parsseter L2 18 remst ta opEATELT RZ:L);
LT LA HE T i the best cover =)
|

functice g:epath: Boolean; {® f111 in semreh tres along & glves path )




B wnd advance to
T CONEAlEN fever

of coaplens, the Lamt complez 1
SR4AT LhiW Dods 1a The tres are |.J.1‘-:| 2 oo
1f ee<rall then Bsgin
::;:tl'hn = oce”.eflage = [efintres]: €8 1E EET.nemk;
i
wed;

{# the tree node polater is sdusted Lo the node tEAE 1§ Eest
t].anf Ghe path whoss Londiced are i3 tae Cpath’ vestar,
ccaplexes (one from ench levwl) are linked together imie
& chalz Eeaded 8T EOBLEEL". 1P any nil complex ts fouad
tn the tres, "coxtext' Bedodaw il nog, #)

op := nedelisks{np] + pacafi); te = medeeplz(spl:

i ceddmil tham g™ T i& contern;

CORLRIL |3 of; hEam = pathsia ¢ path[i]: 1 = i=§,

satil {(contaxtwnil) or (1=9);

(* geapath epdp vith sither context=sil (the 1sdicated patd casnoe
be conplated) of with @ 1lst of & cosplezes 1n coBTaXT, oae
coBpieX from eack level of the tres, this List L8 & E-zlaaterizg =)

if ggh 1n dbeg then b

wriealal” ;-nglu: £E T COARALL] 1m0
wille [eec>ail] da beginm
)==[==-H'-I[1H'. LI Lo T 1= 4wl
and;

[ juap ders if tree cverflow +)

{» eloater »}
vith pastac” do clger] :® elgerlel:
best (% troe; (¢ et for fires tims o}
for 1 :% | o clstre do bewtev. polamteri] := pil;
(® smpty the mearch tres sed ezcepiiczal avest 1iee +)
thode w1 sodeilzkn (3] iw o w =0
sepleT . excepilon,clr, Ionp.losp); (o clear szcepoics list o}

[# tte ouwber of patis explored is set to twice 33,
oote: b3 g B the “seired prebe” ralue. Bars Ceeacel Basa”
19 8130 takex from pAFRSSLET b3 =)
= Jeparaseters™.ii;

LLE] cYT.clanrs ® clitrm;

{* regat lef evaloation sams, wax, ais #)

far 1 :® 1 ta ferit™ ccat do begim
ceax[i] =-100%; cendnfi]ixienn;
wad

evt.eritralefi] = pegs;

{* gz axplers paths in S3w search tres in pathsns order s)
THpeal
(% clear puty imdicatzrs »)

for 1 := | 4 eletrs do patafi] = o;

-0 -
{* eall geopath for all pathe with som equal w ralos s}
while {pathwami=v] azd (tries?z0} do begia

tEl1] W - pathsoe;

£ not gunpath then gota B8 [+ jemp Back if overflew =)

{® avaleate K-elestering if ome vas predsced by geapasd o)
if coatextismil ches Beg
(% copy cover Lo v area o)
€ - context; le 2 Cletre;
for L := 1 to cletrs do bagln
e=.eflnge = c”.cllnge = [efchanged];
{; pelemtar(i] = e; & :® ¢*.nexme;
wad;

eritwalic);

{® check best cover to ses of 2t 1w di1s]cist aad cosers all
AvERTE. 1f 1T dowd hot covar sll evestE, lovoke oid e}

mop(iesp,cle.leap, leap) ; = e

for L ;= [ e elenrd da with ov™ pelusteri)” do begle
|:§(1 ap.aintox, Leap.Eapl: 1= ] = menrdinapj:
wad;

vents) of (f<vnewavests) thes bagls
dlsjales «

T

LH
toatet = 8il;
tor 4 ¢

Laval (= clotrm;
1 o clatra do begla
e .peluntar[i];

extk = g

€. aeEt (= coatent;

© e ferit~.copt 4o eve grisvalsi]
(% 1 o clatfs do begin
£ (= gv .rlll{lr[j];
fer 1 i® 9 o ferit™.ceat do
ev= critvalafi] ;= ev-.cricvaleli]=e=. crivenlaf1}:

= g

&l processisg for cocating 2o. of sxeapiiossl dvents s}
(¥ L te ferlt™.zeat do begin
if ferie”. elimt(il=0 shea

dﬂ"-’:ﬂt'l}-l[i i@ meard (ev . excapiical:

[ TH
(* find max szd wia scors for sach criterioa a)

for 4 o= 1 to feritt ecnt de bagla

if el“.trltnll[litunEli 1!-1 cmia[f] =cr™ ep
lf‘""-crltnlv tlvewasll) thea ceax[i]:=cv oris
LLLH

{* check thim cluaterin SERinSt & waved BNt oBe (1o Bestew)
2 aat "beat’ 1f % che im Better tRan the paved cow u)
€l m 1;
while (a0t pest) wsd (efcwferit™.coat) de begin

tol = ferit™.slisefe1];

if tolsl then tol (@ tole{cminleil-camx[ei}}:

AF er=.crivsalafel] » mestev.crivvalafei)=tai

then ci:mferit™ . cexng

ev . crizvalefei] ¢ bastev.critvalafer]-wel:

wlee best
el W plel;

pathsum ;= 0! | |
i -7 = i | - 72 =
| i
vad: | (1} o opeever;
ep @ perit;
(e o u best ope 1# found, then met tries for b3 wore I Praflag ©olnteger):
LtersticEs LEd Sop¥ Lhe clusteriag to ‘beastcr' e} I
! BEIT -m:“ |i* eslemiats valoss to merivs criteria =)
! L
1 qsT 13 dbig then writela{" cluster: best eoant
| if triem ¢ parameters” .13 tRad tried (S parameters” b3; bafalze = 606
(= fres old cosplazen w)
for 1 = 1 to elatrd do be AT
e 1= Badnev. peluatar(i]; enzm < intager;

procedare dleprale

LY eesmll ched I ot (efimtres 1o c™.cflage)
thes ¢ = frescplo(c):

#6d;
heRTET = eV
fer 1 = 1 to clenrs do begin
1f qer 1m dbag then preicestcv.polustar(i) i);
LELH
whd;
wad;

FAtad, the
Banm af “w*

{* after one patk 1

path im npdated to azother
aam witd thAs sLm Y]

pathenn o= pathkegm + 1]

patk(d] = pach[d] = 1
wiile (patipumsw) aod {d<cletra) do begia

pathens = petheam - patala] - 1 pakald] := a:
] ‘:'= d+l; path[d] := puch[d]e1;
LLLH

{* LHLE cONpleTEm GRe CLET' #)
trien i® ries-i;
snd; (* viile &)

v oE wel: (s sdvsace to paths with pathsom one higksr =)
wntil {tries<d} or [Wopmetat™ hd}:

(L] complexes from PLArI LhAT vare 20t weed are freed,  becaosw it
in compitationally fnefficiect to check ench coRpleX o gew if
it Eatcies » cowplex Ia the reseltlsg k-closterisg (evl. &
SATEIng schems Le used. +the b final compleres ars saresd by
aLking markgnod to troes.  thea coe pass over the entice tres

to resovs sll uamarked complezes =}

v

Halt-1 1 H
= L ta elece# dg with ev” . poluster[i]” do begin
1= efl - [efintreel; naxE = CONLOEE:

o= e peluntar(i

® 1 to freercde-l do begln
c = podecplx{1];

il econil =

Lf cilatres 8o ™ eflage then £ .
(L1 H

» frascpla(ed;

-

(% digplay & eluatering +}

(= g

bagla

‘begin

[procedars addval
v

¥ar

pN-ci:ut addnzn
T

EEE]
vibof. mapbaf: pacred wrray(d. Befslze] of char;
Tlidx, mapddz: Lateger;
. WapcolE: lnteger;
Bt

: peemplex:
i pRtreet;
dls ¢ ochar;
ok, & T oulf
dn ¢ ERlERpEAlL;
'prﬂnﬂﬂ addehr
{ch i char}:

nen char iats vitaffer )

TLIAE = vlidE ¢ 1: wibaf[viidx] := ch;
4

I Anteger);

(0 plmes walmm iate vibuifer #)

if v20 then begia

sddnenir div 1a); ¥ = v omod 10;

LELH
nddery (ehr(ard (0’ )av));
and;

x B

T H

oraf H LN
Erefl POpERFUER
i1, = : dntager:
(1t Tomlfs;

EE#f :® prariables™[z]™.cnamas;
Ef nref=nil thez sddaus(r) eles begiz
Bx @ slfasivec



- 73 -

h 1f (prarisd
Bagin
® prariables®[2]° stractliet:
| wkile {aTeferail) do baginm

1f mref~, valusvy then bagin
| lu. =Iref” anaw; wraf=mil:

straagn (nsa, '7

l].n ull' =aref” . next;

walve1]:
) aad {251} do en: ETRT R
' thex for 1:=1 te en de sddehrieaali]) alew bagin

| H‘Il:l.-l fd+=sn) wad [2am[2]€»'1°) dp Bagin
| if (eei) then madehrinam[i]);

| 1 s=iel
| 1t {m:n: then begis
| sddchr("."); addenr{","):
e .
ir in-l! _thea bagin
unnu tu-u: do BAELE
u:nrhu[l]!. 1:m1e];
agd;
#hd;
| [LTH
wnd
procedire disppast
(1imt o aviaap);
yar
Doimteger;
! il.u : Hl.rf
‘bagin

l tn- befeize do vibef[f] = - -;

~[2]".atypezstrucsared) and {viprariabies={z]= mazvalue) |

R H |

!'I-lll hln![{]ﬂ

if jé=viiax them )

- 7§ -
for & = mapldr ta ] do wru-[n;uf (ki3
napldr ® .1 writala
(o wrice sddittossl lines +)
ﬂihlglt.hf{'udt]u ") or (mspbaf (mapidx]<s® ‘) do bagia
W "l
if vibaf[viidz]e- - then wriea(® ‘:vleols) slas bagls

=rlidy + wicale=1

}owzd (ribsf[flexc])
") wnd (jrvlide) do |:=)-1;
= viidr = vlcole=1;

and (vloaf[j]er®

for k:svlids to | de write(rlbef[k]};
k= vlidg=v]liglg=1~ :|
if B0 then write(® *:k);
rl!u[ L H
Hrl.ut' friB=10ecaun));
u.q].o' ® them Bagin

begin El- dlEprale &)
anm

PHI'EJ]“' ") sad {mapbaf[jl<s-,

*} nnd (jrmapldx) da j:=;
;N-Il te ] do writelsapbuilr]);

€pT.eent Tlesls (@ (Lnelengub-23-1Gecnen) div 2;
Il.p o= vigal .
if prefiamg>l thas h Bi® write L-u w)
wTLEs(’ 1t-l=f-=g Tlerale,* *:(vieals-8€),' sesd °):
= (10wcoun-B) div 2:
ar i =1 e | 4o Irl.t.ll' =)
WTite{ coste)} ] i= i8ecaam -8 - 1;
for 1 o 1 ta | do writel'=');
talaf® events covered); writel(® *:(¥lcole=18));

= 1 to cmum 4o begln
[1]:="pr; pricrinlep™.ciianfil,a);

' far ) d; a ‘to mazevents d? ;fJ-.uu.um thea bagls
H ir B=7, " thes a2dehridlm |
| d::; ki sddsan(]=1); fer & i= 1 tooav, eluﬁ- do Begin
end; 8 er”.peluster(l i 3
1 wapbaf o8 vlbaf; mapids w vlidx; or 1: 2 ? ta hur;l.n da ﬂ_“’?pln R “ﬂ
i [EEH vildx = O
‘precadure dpribafs; | fer | = 1 Et T da ]
i ir reflav nl-cumun] c- nr:.nhs*i‘_ 17 . emzvalus thes begln
lvar | ! tacarcir FEEY : ’
| 1. x : inveger; . EVTX % pm:“lu‘tj][ .nu
H - while (k31) mnd (nwrk(E]=" '1 do Erekey;
L L ] l.da‘u?:o'lo 1; ; [ ::I. gl i
| 3] = | LB
warle (aapmaf{alent 0y and (mapkaf (11427, ") wnd (J>eapidx) do j:=j-1; | i ame putunu-u]' datyps of
1 -1 . %
i =76 - - T8 -
1 [
memisal 6Fclic:  beglnm | Af je=wlidx then | ;= wlidx + vicole-L;
for © 1T O Lo prAFLables n- maxTalue da | for k:=vlids to ] do ivlsaf[k]);
if X i pT. EEleSLErE() | X =z vlidEevicole=l
' sddciridin): III.I addvalik, j.0); 1f k>0 then write"
I wnd; I TILEE (® el
wnd;
} srite{(mnplowiev=. pased [1]=. mapl=1):6, ¢ *):
llasar: ERgln L to eaum 4o Ba
| addchs (dind; trasl (p® .:rnni.h] 1o
| Lf reflevi{p”. selecters[}])=1 then Ba
| aadeal (reflovip=. salactara (]}, ]. “¥:
| and
| wlew buil dpribafs;
| :‘ ;[u flowip=.meiuctarn()]), ). =1); sddeke(","); { wnd:
! car |
] sadvalln |{* check for sXceptional avents =)
| LLLH 1f wenrd(ev  afceptioal *0 them beglz
wrd; dinpparti{cv  exception) ;
| writelcv® iteration:d,” * 13, ‘exceprional eveats:’,’ ':{vlcole-13));
akrectared: begin far j:=i to caum do vTite(" i
ir HHHE:F -lilmuu 3101 then begls mapldz w 1; vlidx = 1; vitarfil = = ¢ dprebafe;
able Jlnﬂﬂ.gﬂ. (1T H
=.mazvaloe];
I E = mxiat; : {* writs summary =}
while {apafcrail) and (kesmazink) do begl if preflagso thes Bgls
if (aret* writalev® dterazieacd.’ totale"." ":(vlcola=8)):
for | '= 1 to chem do begis
p\ru:ruu:r‘ crivvalsfj]. 10);
| uu-mn.
i wad;
[1LH

8 [lé=prarinbles
[!dr- [1]i=p

l?:l_llt]]l then Bagla

I:;'I.'I'.
then addchri'a 'y

if dlp="
1f E=sazint thez Msilr:ut'!‘ﬂL elee sadvalix,],0);
g
alee Begla
|.-.==u|;11-}: sdaval (raflov(p~.oeluctora[§1}.5.0);
[=-H
: IIHT
| o
i
i sddekr(]*};
i 0ad;
! Tlidg 1= 1; mapidy = IE_R:F- wrive firet 1ize e}

writslcr™, 1ttrlu!nn 4.1:56."
| Jisviida + vlcola
1 whilw (vimof([ ]:}' ] mnd {vimafljTes*]*)

i aad {rln!‘h]d',', azd [jvlidm) ds jimj-y;

=[1]=.eszvalan) and (E=saxint} do

(foaction maveer
! lew

trar

procedare clanrev;

c

with pastat”™ da efgeq)

for 1:w
(3.

{® claar cover storage area #)

; intager;
| pEaTer;

= glgeqlen;
1 to ERacy &0 Bagln

m ogvecter(i);

1f evernll then Begla
iF qeq 13 dbag them writels(' elearcy: E='.cv=.clstrs:i);
for Ji=1 o & .clenra do prefreecplzcy pelnsrer()]):
dlpponaicv);
wnd;
LEEH
BERET = 0
for 1i=1 to sazbase do tvector(1] = n1l;
wnd;

{* wave & cover kespizg “bame’
: pEovar): peover:

BENL amE 4]




begls

- T7 =

et i lnteger:
wop o Anteger;
1, . k. 1 : InTager;
wal : raml;
donw :
F
eh. €3

L]
waigee

with pasnat” do clgev] = clgav]=1;
{n cw firet checks Lf the cowar Ln nzlgae.
. . 1 0 ilndicated By che Boolemz
base FAFMEETECE . base: 1:m1;
while (1€=nimcv) sad naiges deo begia
p i@ cveccor[i]; 1:=1 oalgue: "falus;
\lhlld- H‘ltu:rll aDd EOL EALlqus do Bagia
E:m €l:=cv™. pelaster[)]:
ﬂ!.].l {H-:J.lt-n] 834 uslque do degim
2:=p” . peliowcer (k] ;
ulill U““ll ard Bov TnigeEs 48 Beg
anigue = 1=, #alectors (1] <3e2" salactors(l];

Lf 2ot 1t 4 not
antgee’ w)
Anigee:=troe;

wnigue:=iras;

anigua:=falae;

lislel;

if guw 1m dbap ®
wTitelnl" mavecy:
wnd;

verd(ev)il.” wnlqaes’ ord(uaiqael:i);

(# 0f & cover Lo vaigow 16 18 swved 1f favor Ehaa ‘bane” SAVETH Afw
EUTTENTLY saved. wlEe It 1e exchasged for a saved cower if 4%
LIw Eester than that Eovar s}

if abigee thea begin
evector [aumeve1]
TR

tol:=ferit™. tlanefe1];
for £ := top te zamcvel do
for | ! i+1 to pamev=l da
if evector[1]”.crivuala(ed)revactar(j]= erivrainfci] thea
begin
B !:rlztnr{jl.
4‘utt.ur[l]

B el m I tep ® 0

evector ()] :=eveeter(l);

if tol<d l.hli tol =
tolw \e\teurtr.np]— rr.uuu[ul =~evactor[eamev+1)=, critvaln{eil);
if BEICTI=BAN 2oL dan

TAr

funsticm cletring :
[{] lhll fenction perferas closterisp for wala
mazk, 1

th clusterizg wit
& pOLETAF to The "cover® record for it e

-8 =

€1 = gl=l;

ent1l done er [topruemev) or feisferis”
p % cvector[bamesy];
if asmcvebame tEER oRECTITRumcYel:

.ecak;

afid
aloe p = oy
{* av t2is polac. p echtalnm: ©v i¥ £V VAR ROk LEEE. LT
€7 Lf &¥ waF Bob worth Eeeping,
=21l if fewer thas "L aTAre ERTEd,
T poloter te cosplex replaced BY cv. )

A7 qer in dbog then writelal' saveew: gars’, opdipl ii):

(* the eonplezes on the
cluurut

d clustering are copled to the rejected
bacunme thim lafo. Ie oead for saed
ratise #)

thim i

utu

1 %o ev”.cloerw do p~.pelustar(i] :* newcplx;

for 1:%1 %o ¢¥ .clutew do p™.peluster(i]= :
LLEH

1= evt peleater(1]=;

{= t ‘rajected’ cover ie slvaye reterned. 1% 18 possibly the sade cee
T, OF BAY ELVE Dmen Bullt above s)

u"ﬂ =y

wnd

peover; (% find best clustering over rakge of & valzes -

Ehe EeaEire sERpArEd
the lowest s

value i oatpot, n, "“ﬂ“t

i1, ] H

Eaatefk z

Eeate :

tapev i

2, 2 3

T ] | peonplex;

| 1 ! LOLeger;

vith pastat® do efqegl o= elqeglen;

[+ call wacnrd o wes wel

ntEd ar “\l‘llﬂh‘ﬂ eardinality calculaticn )
1 % wvecard{events™ map.1 L

B Soweigkted [FRSTET) aeihod o)
welighted mathod Tegquired =)

Pt i= evezie;
whils (peutll] da begin

crector [b =r1=uh{=1] sevactor(bzae]~.critvalefei] stol | if pe™.eest?l thea degiz
elae dage LoE wesardipeT.enp ) (e ser welghned metiod o)
8 vhile (cowctor[tep]=. :runl-l'n'.l ¢ evector[numeve1 | pe im ail;
sletl=tol) o tap 2 topei . and
-7 i -8 -
| |

| ala#e pc = pet.pext; moptext La[17] = eariora('0°)e claetrs);

| LELH proeasgpimegrent nl b, 0);

i [+ imitialize variables voed to deterulie best & valus o) (* 1f trace i on, dlsplay esch clustering a)
Begrodr @ nil; beste = O 12 hirl ches writelal® raediate resolcs, ')
= Tt with mink pember of clasters ») | if g0 in abug thex Bagly
cla (T PRTAERTATET N1RE. | dimprolelev, ferin. bf); 1:®sleck;

v::uh( Calj-eledd: : w}*};  wrivala:
and;

ir 4&: in ll'hn‘ thea hq“
atrin

weitalal’ numeTERLA: L, sveats'); P I3 avenis;
for i :m 1 :u :.ullnntl do begin

pr:rp,i}; P T pT.HAEL;

wd;
L5-1-H

{* bzild clusterings for o rasge of susber of clesters =)

Tapaat
writa("1');
for 1 := | to (lnelengih dir 2) do writel® ')
wTite WTiteln;
? ;“1 EY selectlzmg tia H.I.'I'I! : ATEETE aE dewds e}
:anr = sTania;

nm tl.t::urE} and (perril) do bq::.n

cv_pelastar(i] := p; PoIE pTLaeEn;
l)ll'
if leclates then begin (s dzmafficiest saabar of avents #)
clatpe o= phfamsters™.mnxk = i
Titeln(’ mizimes neaber of clusters wet ta the mamber of areste (',

elotrw;l,'}),

whd;

20t cendist{sv.contial) thes begla

writala; writelal’ capt get laitial e
and]

-

{n the firse cinstering <111 =ee contral mesds.
azd Lhe proda REEbaF of clastaTLREE A4 Eet %3 TEe
Illt'.inl 1'.“:" L]

paramaters”

are . ba prrien .probe;
racors uu-z-ror-elu-uru Lime &)

1f 500 in dbcg then B2 alew BE:=0:

writeln(' expeciment °.ezpnes:i.’: E='_cletrs:i. *, eritarioes",
FATARNLETE” SriTELES) |
writela;
(® waks gEscesoiva clostarizge wotil they feil o I.I]iru" L}
TEpEAL
{* mabe sagther clusteciang =)
ElXZ:=cleck: closter{er); Citer (= pALEEel;

evT. itesaiicn (@ citer;
{* spdate ‘basg” | 17} =)

lll:ﬁ'ﬁ- la zﬁ‘ = :n’:?:r:? ‘atiefeiter div 101} :
wRguaat. Lafd0] -® cnrford{ 0 je(cioer wad to))

badw Best covers =)

& savecwicT);

(= ll'guhr retarasd different chas inpas, cover was waved e}
»

i (c cr] then begln
foar castral seeds; reset preéa coant o)
rt:-uau-l:l.; piriss = pursNSCeES~ . proba; ey W £vd;
wnd
(% Lf cover not better. try distaat seeds o)
alie £tidistant;
(v chooss mext sweds. 4 seeds cazsot ba feusd. wiop by
EOROLE DEfh )
ST%) shea beg
prriss := =1
{* fres old complexes =)
for |:=1 te cletirs do pe:=frescplelev pelumtar[jl):
(* cont ::I.-nr. 4 ‘l sgalnst bass condt and probe compt e)
btriss =
if btrl.uﬂ uu pu-u- S prrisd=l;
urtil {Btriescd) sad (ptrism<d);
(* dimplay resalis #)
it writels; Jr=eleck;
.nEmeTIl, ' BaSE clumtaringe fellew... (', {1-¢lk1}

' Ghe
EE

fer | = | % Rusc¥ do begla

(1] :“-:ior[ 1: wTiteln; d.ilp'crullin.r:nr..:l.ﬂ;
Af = 17
wnd;

writaln:

weiteln(® {".sesdtar:d,' stare buils)'d;

(* enlenlate the ‘s’
tapcy (= evector[i1]:
2l := wvecard{alisvents, 0} - ecard{allaventy);
ﬂ 1] “l?:t eritvale[Q]=xileaz {In(tapce™. clatra)ep
writeln{' for the Best molotice abovs,
1f ll’ﬂ i thes writela(
“ in thim caleulacion, epar
* to accoubt for welghted
writaln;

#iare for the best clustering =}

ne3m was lzcreased by
ntet};

tLEL:D,

i met “beatofk’ Bo clestariag having test ‘s’ score o)




\procedars hlavel
i itp

begin

1t ['Mﬂ.”.g?!
evacter(l]
#2d.

ar (BestafEsnil} thes begin
E:

o= paEtod bestefE s tapev; basts = g3

EAtll CLMLTEYpATREATEY

(* repors the E-clowtering that Bas the best "s° geass over 11
valaed of ¥ that were conmildersd &)
if paramsters™ miak © parametars™. gaxk ez begls
writala;
r.rit.nn{" with IIH.I JPATMEATATET beta:d:. 2
° the bast closcering at this Levsl
|r.r1uJ.| gispralelbascol ferun,2);

for k=", bastofk® claersci);

el lt-rll: 1% Beatofk;
LELH

= peewar);(+ pelater to parent elestaring »)

#F B giTEE BRFAEL.
the procedars Tl recarsimel WEHE %5 Lhw {1‘.“:““.

B0 CTHRLEA L0 CTERLAd lowel Lavels of the hlararely, stopping
whan #lther The Berarchy Baight sxzcesds the Limit, or tia
claster slze drops to low.

» later additlon wenld ke to sanitor s mcores and stop when
ThalT LNpTOTENMLL Lapars off, u)

W
1 = drteger:
pl : p-epl:mn'
e
P [

3 2

for 1:=1 o mafk do Bp™.eubeovers[i] = mil:
{® clack hiwrarchy Reigat »)
if bp”.raOk € paraseters” . EANLt thes bagin

for 1:=t to hp=.cletrs do Begis
& i® kp~.peluatar(i];

(* eheck sizw of cluster s}
if weard(c”.map) » paraseters™. missize then begin

- 82 =
| wWTitala; WTitaln,
| (» BALLE hew avers list o)
PR SVARTE (S all; EuNeTERLE C® O
ate,alleveace};
map) thu htu.
p:
“hl'nt-l - 1.
| ata.snion, allevents, p= . map)
= i].‘.:lm;
7 wrantaTnil then pegln
writeln; writeln( events lncenslstency'); Belg:

[® geaarate eluataring )
BET i= cletri

{0 serech el HI'III ] uuuﬂr l'.'.r““ﬂ L))
1] BET . par 1

Ep™. #ubcova 1

BEY.PRAK :m RBpT. ru[ﬂ- BET™ . pznn - 1y

E' TEEEFELelY gemerate lowver closters e
wllnew);

l
L LH
LIEH
wad;

% muaw #)
writels('l conjuactive conceptaal clustering progras claster/2',
" laet mpgTade: C, veTANTH)

Eagla

{* erewts abd set to zero the proceders freguency cointers a)
RedipRatat) ;

for 81 1% GO0 %o qlest do pamtan”.cei] = o
(s wmpty the st of mltereatiTe clsstarizge *)
for 1 := | to NaEbame 4o cvester[d) e a1l;

(* BLAFE wvitk & 'BEeg’ of ‘metap’

far 4 = 1 to lalfasizs ds L L
lwnntlwn
ri = dce ptest.1al1] = wwerk(1]:

pr:hu;(utun

writaln; (v rend laput 4ats us ralationnl cables o)
| :’r.n{ beglasing classification Balew Bierarchy path '); #ntap:
i wTizalii1); {* atver compleving 1npat of sll relaticnal tables. the evence
viile (a<2nil) do keclp table 1w coedended by rescvizg all duplicste evezte sad eajuecir
| writel*=" 2~ penum:l): b o= BT parent | the welghts [fcats) to mameh. the map of 411 eveats e also beiis +)
| w3 wopislleveats, clr,allevents. allevezcs); P o= events;
| - B = I T
| i
condensed "= falga: 1= | (¢ generats ‘basg' Leat (!nr cfbar only) +)
-‘li-l ir‘?nll] de n;u | SLraaga (avork, "expecinent ")
| ? =T REERD for t:=1 ta sifesize do aegtext.1n[i] := wwark(1];
| v:l.:lo qnnl} Bagin megtexc. 1af1E] = - meptexe. la[18] o= C=7;
| it totrect(p.q) then Beglz lf-hlnuur: ‘ieeration '):
| condensad .= LIRe; PT.cost = pT.coen ¢ g .coen; for 1:=18 w 9 do sagiext. la(i] :® avore(i-18];
! q = frescplxig); PPT-mext m g megtexs. lald - L ERgtext la[30] := "g";
| end magrexc. 1af12] := eariord('0*)={erpozn div §8)):
BlEe Begia BRETeEt 1a[l ;i 1= ehr(ard ("0 ) = (expoun wod 18));
g q = g*.anxu; meprext da[t7] = ehrlord(‘ot)ecls
H proéasg(asgiens.nl. i.1);
%0
meplp”. wnp,elr.p" map,p~.mapl; [LET 1§l TT W HH 1= 1+ P (* met other paraseters for this .1-1.“1. Y]
lﬂ‘Ph vaRta, inlom,allevence, B mapl; dbag = plrlll'llﬂ P Bl = parsmsters®.hl;
1T opt BeER; pantat= B3 ;= paraa -B2: EptT om CTILErLA;
-ll.
(e gat indicated lef for this exparimeat =)
{* 4 some daplicate avents wars fousd, thea the maw svent table ferie (= mil:

in printed =)

if cozdazeed then begin
1 ;= wecard{alleveacs,2};
writeln:
writelnf"®
writeln(®
writals;
LIl H

{® tall systen there are welgited svenis =)

dEplicate avests vafs combloed');
the redtltisg event sat follove®l;
prariuid awork};

ALl parameters lines for o BAeTArchical cover Lyps #)
IS PRFRBATEEE; cprlioe :w ail; hhead :® Bil;
{praf<anil] aad (epzlistsail) do begla
(EavartpEhierareii Ehen begln
#* 1f & Merarchlcal co 18 reguired, Then SEve LR

Ll #VERLS ©b & mamtar events Llst. thie freen che
254 Qdet for Bolding eveate subaets )

1
whil fp‘hnlll do begian
newicprll; EPIL™ . RaNL = cpEILNL, :pll" eplz = p;
cpxlise % cpxi; PR T T
ard;
and;
praf = pref”.rers;

wod

[* vrite title limen &)
TPET m tizlam
wzlle Et-r.:vu.J da begin
WELEH(" "i(1Z1-zpur= leagth) &iv 2
far {:=1 wo tptr=, Langeh do rrl.u{wnr RTT N 00N
writala; TPLE IE LRLTFTORGEL,
L5144
{® process sach Paraecare 'll'bl.l ligw, wich is a8 “exparimszc’ o)
Bav (PR3t B
while {peras

:tnu e Farams B HIH

wiile (:pwﬂlu) da begin
irF cpur®. RARASPATANSTLATE™ . critanme tRem feritiscpie;
:ph 1= CPLET . Remt;

I l‘ﬂll‘l‘-'ﬂl'ﬂ'“] (# wall star preduction about this lef »)
(% produce hisrarehy kead clumteriag &)
hkesd := cletring; bhead” rank = i; = pllz
hEead” . ponam = Q)
(s 1r nllruvn:al COTAT, Them recurslvaly produce lover levals

of the cIUNTETIEE BinTarchy =)
if parssstare” covartpeblerarchical then hlwwel(hhesd);

Bhawd™, pasent

PATREATATE (¥ pATREAtOrsT.meXt: (* do =azt onit of work s}
wad;

{» prist precedars fraquescy cousts «)
i pristate;
nd;

|begin

(= this i the ssin prograa »)
(o ghlinic seguaze s}

|{» imitinlizatics of global dats #)

:I.luulul;onyn =1);
wai);

PArazeters -z mLl:
domaiom Bll;

(& il

H
[ELLE £

ap, e lr, Lavalasp, levaluap);

mare; {+ c8ll ‘main’ pracedurs. this vas dona te perail separate
compilatioa in certalz passul &Evircumests )

| end.



1]

3

l4]

5]

REFERENCES

Michalski, R. S., Stepp, R. E., Diday, E., A RECENT ADVANCE IN DATA ANALYSIS: Clustering
Objects into Classes Characterized by Conjunctive Concepts, Invited chapter in Progress in Pattern
Recognition, Veol. 1, L. Kanal and A. Rosenfeld, Eds., pp. 33-55, 1081.

Michalski, R. 5., Stepp, R., Revealing conceptual structure in data by inductive inference, in
Machine Intelligence 10, eds. J. E. Hayes, D. Michie, Y.-H. Pao, Ellis Horwood, Chichester, Halsted
Press (John Wiley), New York, 1981.

Michalski, R. 5., Stepp, R., An application of Al techniques to structuring objects into an optimal
conceptual hierarchy, Proceedings of the Tth International Joint Conference on Artificial Intelligence,
Vancouver, Canada, August 24-28, pp. 460-465, 1981.

Michalski, R. 5., Stepp, R. E, AUTOMATED CONSTRUCTION  OF
CLASSIFICATIONS: Conceptual Clustering versus Numerical Taxomomy, to appear in IEEE
Fattern Analysis and Machine Intellizence, 1983,

Michalski, R. 5., KNOWLEDGE ACQUISITION THROUGH CONCEPTUAL CLUSTERING: A
theoretical framework and an algorithm for partitioning data into comjunctive concepts, A Special
lssue on Kpowledge Acquisition And Induction, International Journal of Policy Analysis and
Information Systems, Vol. 4, No. 3, pp. 219-244, 1980,



1]

2l

(3]

[4]

[5]

REFERENCES

Michalski, R. 5., Stepp, R. E., Diday, E., A RECENT ADVANCE IN DATA ANALYSIS: Clustering
Objects into Classes Characterized by Conjunctive Concepts, [nvited chapter in Progress in Pattern
Recognition, Vol. 1, L. Kanal and A. Rosenfeld, Eds., pp. 33-55, 1081.

Michalski, R. 5., Stepp, R., Revealing conceptual structure in data by inductive inference, in
Machine Intelligence 10, eds. J. E. Hayes, D. Michie, Y.-H. Pao, Ellis Horwood, Chichester, Halsted
Press (John Wiley), New York, 1981.

Michalski, R. S., Stepp, R., An application of Al techniques to structuring objects into an optimal
conceptual hierarchy, Proceedings of the 7th International Joint Conference on Artificial Intelligence,
Vancouver, Canada, August 24-28, pp, 460-465, 1081.

Michalski, R. 5. Stepp, R. E., AUTOMATED CONSTRUCTION OF
CLASSIFICATIONS: Conceptual Clustering versus Numerical Taxomomy, to appear in [EEE
Pattern Analysis and Machine [ntellizence, 1983,

Michalski, R. 5., KNOWLEDGE ACQUISITION THROUGH CONCEPTUAL CLUSTERING: A
theoretical framework and an algorithm for partitioning data into conjunctive concepts, A Special
Issue on Kpowledge Acquisition And Induction, International Jourmal of Policy Analysis and
Information Systems, Vol. 4, No. 3, pp. 219-244, 1980,






