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Abstract

Knowledge discovery in databases (KDD) covers a wide range of applicative domains (retail,
marketing, finance, e-commerce, biology, privacy, only to cite a few ones), several models of rep-
resenting extracted patterns and rules (including classification models, association rules, sequential
patterns, clusters) and a large number of algorithms for data preprocessing, model extraction and
model reasoning.

KDDML is a middleware XML-based language (and system) needed to support the development
of final applications or higher level systems which need a mixture of database access, data pre-
processing, mining extraction and deployment.

As the name suggests, KDDML is heavily based on XML as a representation language for data,
models and queries. The language is primarily intended as a middleware language on the basis
of which higher abstraction levels can be built, such as vertical applications or more declarative
languages. Also, the language tries to be as much as possible independent from lower level imple-
mentations of data mining algorithms, with the aim of confining the technicalities at the level of
the implementation of the KDDML system.

This document describes in detail KDDML as KDD system whose design principles are motivated
by requirements derived from recurring patterns in the KDD process.

Requirements
Data Mining, UML principles and the KDDML language specification.

Licence
The KDDML system and this guide are published and distributed under the GNU general public
licence.

Copyright

University of Pisa

Department of Computer Science
Largo Bruno Pontecorvo, 3
56127, Pisa, ITALY



CONTENTS

1 KDDML system overview 7
1.1 Systemarchitecture. . . . . . . . . e 7
1.1.1 Corelayer . . . . . . . e e e 7
1.1.2 Operators and algorithmslayer . . . . . . ... .. ... ... ..... 10
1.1.3 Interpreterlayer. . . . . . . . . e 11
1.1.4 Userinterfacelayer. . . . . . . .. . . . ... .. .. ... 11

1.2 Installing and configuringKDDML . . . . . . . . . . .. . ... .. 0. 11
1.21 Downloading. . . . . . . . . . e 11
1.2.2 Installingthe Javasupport. . . . . . . . .. . ... ... 12
1.2.3 Installingand running KDDML. . . . . . . ... . ... ... . ..... 12
1.2.4 Integrating KDDML into your application. . . . . . ... ... .. ... 12
1.2.5 Physical organization and external libraries . . . . . .. ... ... .. 12

1.3 Packagesdesignoverview . . . . . . . . . e e e e e 13
1.4 Organizationofthisguide. . . . . . . . . . . . .. . 17
2 Core layer 18
2.1 Packagekddml.Core . . . . . . . . . . . .. 18
2.2 Package kddml.Core.DataSources . . . . . . . . . . . i 20
2.3 Package kddml.Core.DataMining . . . . . . . . . .. .. ... ... ... .. 22
2.3.1 Package kddml.Core.DataMining.AssociationRules . . . . . . .. .. 24
2.3.2 Package kddml.Core.DataMining.SequentialPatterns . . . . . .. .. 26
2.3.3 Package kddml.Core.DataMining.ClassificationTrees . . . . . . . .. 29
2.3.4 Package kddml.Core.DataMining.Clustering. . . . . . ... ... ... 31
2.3.5 Package kddml.Core.DataMining.Taxonomy. . . . . . .. ... .. .. 35

2.4 Package kddml.Core.QueryElement. . . . . . . . ... ... ... ....... 36
2.4.1 Package kddml.Core.QueryElement.Condition . . . . .. ... .. .. 37
2.4.2 Package kddml.Core.ProprietaryElement.Expression . . . . . . . .. 39



CONTENTS 2
2.5 Package kddml.Core.Scalar . . . . .. ... ... ... ... .. ... ..., 40
2.6 Extendingthecorelayer . . . . . . . . . . .. .. 41

2.6.1 Addinganewexternalresource. . . . . .. .. .. ... ... .. 41
2.6.2 Adding a new base condition specification. . . . . .. ... ... ... 41
2.6.3 Addinganewminingmodel . . . .. ... .. ... .. .. ... ... 42

3 Operators and algorithms layer 44
3.1 Package kddml.Operators . . . . . . . . . .. . .. 44
3.2 Package kddml.Operators.1O. . . . . . . . . . 48
3.3 Package kddml.Operators.Preprocessing. . . . . . . . . . .. ... .. ... 49
3.4 Package kddml.Operators.DataMining . . . . . . .. .. ... ... ...... 50
3.5 Package kddml.Operators.Postprocessing. . . . . . . .. ... .. .. .... 51
3.6 Package kddml.Operators.Unclassified. . . . . . ... ... ... ....... 51
3.7 Extendingthe operatorslayer. . . . . . . . . .. . ... .. ... .. ... 52

3.7.1 Addinganewalgorithm. . . . .. ... .. ... ... ... ... ..., 52
3.7.2 Addinganewoperator . . . . . . ... 52
3.7.3 Addinganewclass ofalgorithms . . . . .. ... ............ 53

4 Interpreter layer 56
4.1 Package kddml.Interpreter . . . . . . . . ... L e 56
AppendiCes . . . . . . . e e 62

A UML core layer diagrams 62

B UML operator layer diagrams 107

C UML interpreter layer diagrams 118



1.1

2.1
2.2

3.1
3.2

LIST OF TABLES

The system’s external libraries. . . . . . .. ... ... ... ... ....... 13
Correspondence between models and external resources manager. . . . . . 42
Minimal set of classes/interfaces to define when adding a new maodel. . . . . 43
Correspondence between algorithms and interfaces . . . . . ... ... ... 53
Correspondence between operators and abstractclasses . . . . . . ... .. 54



LIST OF FIGURES

1.1 KDDML system architecture.. . . . . . . . . . ... 8
1.2 The system’s home directory hierarchy.. . . . . . .. ... ... ... ..... 14
1.3 The dependencies between the top-level system packages. . . . . . . .. .. 15
1.4 The dependencies between the operators layer packages.. . . . . .. .. .. 15
1.5 The dependencies between the core layer packages.. . . . . . ... ... .. 16
2.1 The DTD of the elemer@ONDITIONas used in a KDD operator. . . . . .. .. 37
2.2 The elemenEXPRESSIONas used ina KDD operator.. . . . . . ... .. ... 39
4.1 Thecore KDDML interpreter . . . . . . . . . . . . e 59
4.2 The KDDML interpreter. . . . . . . . . . e e 61
A.1 Package kddml.Core-Manager . . . . . . . . . . . . . 62
A.2 Package kddml.Core-KDDquery. . . . . . . . . . . e 63
A.3 Package kddml.Core-Types. . . . . . . . . . . . i e 63
A.4 Package kddml.Core-Exceptions. . . . . . . . . . . .. ..o 64
A.5 Package kddml.Core-Factory . . . . . . . . . .. .. ... 65
A.6 Package kddml.Core.DataSources-Manager . . . . . ... .. .. ... ... 66
A.7 Package kddml.Core.DataSources - Preprocessing. . . . . . . .. ... ... 67
A.8 Package kddml.Core.DataSources - Statistics . . . . . .. ... ... .. ... 68
A.9 Package kddml.Core.DataSources-Factory . . . . . . .. .. ... ...... 69
A.10 Package kddml.Core.DataMining - Model manager . . . . . . . ... ... .. 70
A.11 Package kddml.Core.DataMining - Data dictionary. . . . . . . . ... ... .. 71
A.12 Package kddml.Core.DataMining - Miningschema . . . . . .. .. ... ... 71
A.13 Package kddml.Core.DataMining - Matrixes . . . . . . . ... .. ... .... 72
A.14 Package kddml.Core.DataMining - Model factory, . . . . . ... ... ... .. 73
A.15 Package kddml.Core.DataMining.AssociationRules - Manager. . . . . . . .. 74
A.16 Package kddml.Core.DataMining.AssociationRules - ltems. . . . . . . .. .. 75



LIST OF FIGURES 5

A.17 Package kddml.Core.DataMining.AssociationRules - Itemsets. . . . . . . .. 75
A.18 Package kddml.Core.DataMining.AssociationRules - Association Rules . . . 76
A.19 Package kddml.Core.DataMining.AssociationRules - Transactions . . . . . . 76
A.20 Package kddml.Core.DataMining.AssociationRules - Factary . . . . . . . .. 77
A.21 Package kddml.Core.DataMining.SequentialPatterns - Manager. . . . . . . . 78
A.22 Package kddml.Core.DataMining.SequentialPatterns - Sequence element. . 79
A.23 Package kddml.Core.DataMining.SequentialPatterns - Sequence. . . . . . . 80
A.24 Package kddml.Core.DataMining.SequentialPatterns - Sequence.rule . . . . 81
A.25 Package kddml.Core.DataMining.SequentialPatterns - Delimiter. . . . . . . . 82
A.26 Package kddml.Core.DataMining.SequentialPatterns - Data sequence. . . . 82
A.27 Package kddml.Core.DataMining.SequentialPatterns - Factary . . . . . . .. 83
A.28 Package kddml.Core.DataMining.ClassificationTrees - Manager. . . . . . . . 84
A.29 Package kddml.Core.DataMining.ClassificationTrees-Nodes . . . . . . . .. 85
A.30 Package kddml.Core.DataMining.ClassificationTrees - Predicates. . . . . . . 86
A.31 Package kddml.Core.DataMining.ClassificationTrees - ScoreDistributian. . . 87
A.32 Package kddml.Core.DataMining.ClassificationTrees - Factary . . . . . . .. 88
A.33 Package kddml.Core.DataMining.Clustering - Manager. . . . . . ... .. .. 89
A.34 Package kddml.Core.DataMining.Clustering - Cluster description. . . . . . . 90
A.35 Package kddml.Core.DataMining.Clustering - Comparison measure . . . . . 91
A.36 Package kddml.Core.DataMining.Clustering - Attribute comparison measure 92
A.37 Package kddml.Core.DataMining.Clustering - Clusters . . . . . ... ... .. 93
A.38 Package kddml.Core.DataMining.Clustering - Cluster statistics . . . . . . .. 94
A.39 Package kddml.Core.DataMining.Clustering - Factory. . . . . .. .. .. ... 95
A.40 Package kddml.Core.DataMining.Taxonomy - Manager. . . . . . . ... . .. 96
A.41 Package kddml.Core.DataMining.Taxonomy - Factory. . . . . . ... ... .. 97
A.42 Package kddml.Core.QueryElement - Query element manager . . . . . . .. 98
A.43 Package kddml.Core.QueryElement - Algorithm specification . . . . . . . .. 98
A.44 Package kddml.Core.QueryElement - XML element. . . . . .. ... .. ... 98
A.45 Package kddml.Core.QueryElement.Condition - Manager . . . . . . ... .. 99
A.46 Package kddml.Core.QueryElement.Condition - Boolean condition . . . . . . 99
A.47 Package kddml.Core.QueryElement.Condition - Compound condition . . . . 99
A.48 Package kddml.Core.QueryElement.Condition - Base condition. . . . . . .. 100
A.49 Package kddml.Core.QueryElement.Condition - Factory . . . . . .. ... .. 101
A.50 Package kddml.Core.QueryElement.Expression - Manager . . . . . ... .. 102
A.51 Package kddml.Core.QueryElement.Expression - Factory . . . . . . ... .. 102
A.52 Package kddml.Core.Scalar - Scalarmanager. . . . . . .. ... ... ... 103
A.53 Package kddml.Core.Scalar - Scalartypes . . . . .. ... .. ... ..... 103
A.54 Package kddml.Core.Scalar - Stringtype. . . . . . .. ... .. ... .. .. 104
A.55 Package kddml.Core.Scalar - Enumerationtype. . . . . . .. .. .. .. ... 104
A.56 Package kddml.Core.Scalar - Filetype . . . . . .. ... ... ... ..... 104
A.57 Package kddml.Core.Scalar - Listtype . . . . . .. ... ... ... ..... 105
A.58 Package kddml.Core.Scalar - Rangetype. . . . . .. ... ... ....... 106

B.1 Package kddml.Operators - Operator settings and operator resalver . . . . . 107



LIST OF FIGURES 6

B.2 Package kddml.Operators - Algorithm settings task and algorithm resolver.taskO08

B.3 Package kddml.Operators - Operator and algorithm factory. . . . . . .. . .. 109
B.4 Package kddml.Operators - Exceptions. . . . . . . ... ... ... ..... 109
B.5 Package kddml.Operators.lIO-Settings. . . . . .. ... ... ... ..... 110
B.6 Package kddml.Operators.IO-Resolver . . . . .. .. ... .. ... .... 111
B.7 Package kddml.Operators.Preprocessing - Settings. . . . . ... ... .. .. 112
B.8 Package kddml.Operators.Preprocessing-Resalver . . . . .. ... ... .. 113
B.9 Package kddml.Operators.DataMining - Settings . . . . . .. ... ... ... 114
B.10 Package kddml.Operators.DataMining-Resolver. . . . . .. ... ... ... 115
B.11 Package kddml.Operators.Postprocessing - Settings . . . . . . . ... .. .. 116
B.12 Package kddml.Operators.Postprocessing - Resolver. . . . . . . .. ... .. 116
B.13 Package kddml.Operators.Unclassified - Settings. . . . . . . .. .. ... .. 117
B.14 Package kddml.Operators.Unclassified - Resolver. . . . . . . ... ... ... 117
C.1 Package kddml.Interpreter - Exceptions. . . . . .. ... ... ... ..... 118
C.2 Package kddml.Interpreter-1/Q . . . . . . . . . ... oo 119
C.3 Package kddml.Interpreter-Checker . . . . . . . . . ... ... ... ... 120

C.4 Package kddml.Interpreter - Executor. . . . . . . . ... ... ... ... 121



CHAPTER 1

KDDML system overview

In this section the general architecture of the KDDML system is presented. It consists of three
layers for data/model access and representation, operators implementation and query interpreta-
tion. Modularity and extensibility are basic requirements in the design of the system architecture.
The KDDML system includes also a simple GUI for user friendly input of queries and for browsing
extracted knowledge. However, strictly speaking, the GUI is not part of the core of the system. In
fact, the general idea is that the KDDML queries can be generated by higher layers of abstractions
or by other programs, such as a vertical applications that need performing some KDD steps. In
other terms, programs can link the KDDML interpreter as an external library/driver, invoking the
interpreter during their executions. This document did not treat of the GUI level.

1.1 System architecture

The overall system architecture is depicted in figuré.

KDDML is implemented in Java, in order to be portable, and consists of more than 500 classes.
The overall architecture is structured in layers: each layer implements a specific functionality and
supplies an interface to the layer above. In the following, we give an overview of the design of
each layer, commenting on how they address the required objectives.

1.1.1 Core layer

The bottom layer manages the read/write access to data and models repositories and the read
access to data and models from external sources providing programmatic functionality to the higher
layers.

A relational table is represented as a proprietary XML file, containing the schemata and the
reference to the physical rows, which are stored in a Comma Separated Value (CSV) format. In
a CSV file, each record takes one line, and each field is separated by a comma. By convention,

7
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Figure 1.1: KDDML system architecture.
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missing or null values are represented with the symbol “?”. A preprocessing table (i.e. a table
used in the preprocessing step of the KDD process) is similar to a relational table, but in addiction
admits a reference to the preprocessing information, which are stored in CSV format too.

A mining model is represented as an extension of the PMML (Predictive Model Markup Lan-

guage).

Data and models manager

On the one side, the repository layer provides to higher levels a data/model access interface to
manage tables and mining models.

Accessing a table yields a Java object satisfying an inteffaeenal TableManager ,
which abstracts sequential read/write access to (a portion of) the table rows, and provides metadata
(such as column types and preprocessing history) and statistics on table columns.

Accessing a model yields a Java object satisfying an intedaseciationModelMana-

ger , TreeModelManager , ClusteringModelManager , SequenceModelManager or
HierarchyModelManager . Such interfaces provide programmatic read/write access to the
model contents, e.gAssociationModelManager includes methods for adding and removing

rules and frequent itemsets. In addition, all the interfaces above extends the intDBoAL-
ModelManager , which provides model metadata (PMML data dictionary and mining schema)
read/write access.

Only manager interfaces methods are invoked by the classes belonging to upper level in order
to implement the language core operators.

Data and models factory

On the other side, the repository layer includes wrapper modules for accessing and importing
tables and models from external sources and to store, retrieve and delete objects in the reposi-
tories. Wrappers take care of translating the format of the data into the internal representation
(InternalTable or KDDMLMode). Automatic conversions are performed by the system on
data and metadata. Additional conversions can be forced by the preprocessing operators of the
KDDML language.

As far as data is concerned, there are wrappers around ARFF text files, serialized Weka tables
and RDBMS tables (accessed via JDBC). Concerning models, there is a wrapper importing from
PMML files? and it is currently being defined a wrapper around serialized JDM (Java Data Mining)
objects.

Wrappers are organized in factory classes, which provide objects for build data and models. All
factory classes extends the main clK&DMLODbjectFactory . The “factory” approach allows
for separating the construction of data/model objects from the data/model object management:
adding a new data or model wrapper will not demand in future any change to the manager section.

1n actual version, KDDML uses the PMML 2.0 definition.

2Since the internal representation is an extension of PMML, this amounts to add default values for tags beyond the
standard.

3At the present, the system only incorporates some interfaces and empty classes for establishing a connection
toward a JDM engine. This interfaces will be implemented in future releases of KDDML.
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1.1.2 Operators and algorithms layer

The upper layer is composed of the implementations of language operators and it uses the manager
section of the core layer in order to define the kernel of each operator.
Recall below the XML syntax of a generic operator:

<OPERATOR_NAME xml_dest="results.xml" attl="v1" ... attM="vM">
<ARG1_NAME> .... </ARG1_NAME>

<ARGn_NAME> .... </ARGn_NAME>
</OPERATOR_NAME>

XML tags correspond to operations to data and/or models, XML sub-elements define argu-
ments passed to the operators and finally, XML attributes such as attl, ..., attM correspond to
parameters of those operations. Also algorithm specifications admit parameters, as reported be-
low:

<ALGORITHM algorithm_name="name">
<PARAM name="param_name_1", value="param_value_1"/>

<PARAM name="param_name_n", value="param_value_n"/>
</ALGORITHM>

This level is structured into two horizontal and autonomous sub-layers, called respectively the
operators settings sub-layand theoperators resolver sub-layer

The first one incorporates the definition of the parameters as used by an operator as well as
by an algorithm. As instance, it contains the definition of the minimum support for a generic
rules extraction algorithm. This sub-layer performs a correctness control about the types and the
usage of input attributes values related to the operator/algorithm. As instances, it checks that the
minimum support related to the Apriori algorithm is a real value between 0 and 1.

The operator resolver sub-layer contains the core implementation of the operator/algorithm.
We distinguish several different implementations patterns about the operators, according to the
KDD step supported and/or to their signature. As instance, mining operators have a typical behav-
ior: they scan the passed data, transform it into the required input, call the appropriate algorithm
(typically an external library) and, finally, transform its output into the appropK&BMLModel
object. A set of interfaces and abstract classes are used in order to distinguish the different imple-
mentation patterns.

OPERATORIAMEHS implemented by means two Java classes placed in the package according
to the KDD step supported. The first one incorporates the XML attributes related to the operator
and their checking. The second one contains the physical implementation of the operator. Simi-
lar, each algorithm (both preprocessing and mining) implements two interfaces that encapsulate,
respectively, the algorithm parameters checking and the algorithm core implementation. As for
operators, interfaces are organized in a Java hierarchy structure, according to the type of algorithm
(e.g. sampling, normalization, clustering) involved.

The separation of the resolver-layer from the settings-layer allow us to separate the definition
of the parameters of the operator/algorithm from the real physical implementation.
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1.1.3 Interpreter layer

The interpreter layers accepts a validated KDDML query (either in an XML format or as DOM
tree), evaluates it, saves the final result into the repository and returns it as KDDMLObject. The
result can be further processed by standard XML management tools and libraries.

The evaluation of a query fragment as reported above consist of:

1. recursive evaluation of fragments froddRG1NAME> ... </ARG1 NAME>to <ARGn-
_NAME> .... </ARGn _NAME> in case thef argument of<OPERATORAME>is
expected of typexml, the elemenkARGI_LNAME> ... </ARGi _NAME>is itself the
result of its evaluation;

2. evaluation of attributeattl ... attM returning a set of scalar values;

3. a call to an operatofyperator nave, accepting results from (1) and (2) and yielding the final
result of the fragment.

Moreover, a copy of the final result (which may be an intermediate result of a possibly larger
guery) is stored in the (model or data) repository if the attribumté _dest is specified.

1.1.4 User interface layer

The KDDML system includes a GUI for user friendly input of queries and for browsing of ex-
tracted knowledge. The GUI allows for:

e opening and modifying an existing query;

e creating a new query through a syntax driven editor, which builds valid queries against the
KDDML DTD;

e executing a validated query;
e transforming query results into HTML browsable format via XSL style sheets.

Strictly speaking, the GUI is not part of the core of the system. In fact, KDDML queries can
be generated by other programs, such as a vertical applications that need performing some KDD
steps. In other words, programs can link the KDDML interpreter as an external library/driver,
invoking the interpreter during their executions. This makes running KDDML queries as simple
as running SQL queries over RDBMS. The result of the invoked interpreter is returned as a DOM
object or an XML document, which can be further processed with standard tools.

1.2 Installing and configuring KDDML

1.2.1 Downloading

The latest version of KDDML is available on the web address:

http://kdd.di.unipi.it/kddml
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1.2.2 |Installing the Java support

KDDML is written in Java, except for some DM algorithm, which makes it run on almost every
platform. However C, C++ libraries are already incorporates inside the KDDML package distrib-
ution. Therefore it requires a Java Runtime Environment (JRE) or a Java Development Kit (JDK)
version 1.5 or above to be installed properly. Both are availalhtat/java.sun.com/

KDDML can work on windows XP and linux platforms.

1.2.3 Installing and running KDDML

In order to install KDDML, choose an installation directory and uncompress the downloaded
archive.
Under windows you can unzip the package using WinZIP or similar and then start the GUI
application with theun _gui.bat file stored in the root directory.
Under linux you must unzip the package using the command:

> unzip kddml _XXX.zip
After this, to run the application you must give the right permission, for example, by typing:

> cd kddml
> chmod -R 777 =*.

Finally, you can launch the KDDML low level gui typing

> .Jrun _gui .

1.2.4 Integrating KDDML into your application

KDDML can easily be invoked from other Java applications. The class to usielsl.Inter-
preter.QueryExecutor , and theMain method takes the name of the query as unique input
parametet.

1.2.5 Physical organization and external libraries

The installation of KDDML will create the home directory which contains the files and directories
as listed in figurel.2 More in details, sub-directories include:

¢ [KDDMLHOME]/bin : contains the Java executable bytecode;
e [KDDMLHOME]}/examples : contains a set of testing queries;

e [KDDMLHOME]/project : contains the Java source code;

4See therun _interpreter.bat andrun _interpreter executable files placed in the root installation di-
rectory.
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o [KDDMLHOME]/repository  : includes the tables/models system repositories;

e [KDDMLHOME]/resources/DTD : contains the DTD needed to parse all KDDML ob-
jects;

e [KDDML HOME]/resources/lib . contains the external libraries and the data mining
executable algorithms;

e [KDDMLHOME]/resources/xsl : contains the stylesheet needed to translate XML into
HTML documents, for further visualization;

As reported in tablel.1 KDDML uses external libraries in order to implement specific func-
tionality.

External library | Current version Usage description
WEKA 3.4 weka.core package for instances representation
JASPER hibernate XML into HTML translation
JEP 2.3.0 parsing and evaluation of mathematical expressions
gizxopen 0.4 XQuery engine

Table 1.1: The system’s external libraries

1.3 Packages design overview

This section is provided to show graphical relationships between the various high level compo-
nents of the architecture. The figue3 depicts the packages related to the core layer, operators
layer and interpreter layers, and above all, it shows the dependencies between them. Notice that
the interpreter package uses functionality of the core and operators packages, but not viceversa.
In particular, there are not dependencies from the core package to the operator and interpreter
packages and from the operator package to the interpreter package. This feature satisfies the ar-
chitecture level design. Operators and core sub-packages are expanded in thé Acqnd 1.5
respectively.

Below, a brief description of the top-level packages is reported:

kddml.Utils  : contains utility classes used inside the other packages;

kddml.Core : defines the kernel of the KDDML system; it contains the definition of KD-
DML objects, i.e. relational tables, preprocessing tables, mining models, KDD queries,
scalar values;

kddml.Core.DataSources : manages the data sources (i.e. relational tables and pre-
processing tables);

kddml.Core.DataMining : manages mining models;
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Figure 1.2: The system’s home directory hierarchy.

e kddml.Core.DataMining.AssociationRules : manages association rules;

e kddml.Core.DataMining.ClassificationTrees : manages classification trees;
e kddml.Core.DataMining.Clustering : manages clusters;

e kddml.Core.DataMining.SequentialPatterns : manages sequential patterns;
e kddml.Core.DataMining.Taxonomy : manages hierarchies;

e kddml.Core.QueryElement : defines special elements as used inside a KDD query,
such as algorithm specifications, conditions or expressions.

e kddml.Core.Scalar : defines a scalar value, such as a string or a number;
e kddml.Operators : contains the operators and algorithms of the KDDML language;

e kddml.Operators.DataMining . contains mining operators for extract models;
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Figure 1.4: The dependencies between the operators layer packages.
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Figure 1.5: The dependencies between the core layer packages.

rithms to extract classification trees;

e kddml.Operators.DataMining.ClusteringAlgorithms . contains algorithms
to extract clusters;

e kddml.Operators.DataMining.SequenceAlgorithms : contains algorithms to
extract sequential patterns;

e kddml.Operators.lO . defines operators used in order to import/export mining model
or data sources from the system;

e kddml.Operators.lO.ExternalResourceReader . contains operators that allow
to read an external model (e.g. a PMML model) or an external data source (e.g. an ARFF
file);

e kddml.Operators.lO.ExternalResourceWriter . contains operators that allow

to export a proprietary model or a data source into an external representation (e.g. a PMML
model or an ARFF file);

e kddml.Operators.lO.RepositoryResourceReader : contains operators that loads
a model/table from the system repository;

e kddml.Operators.Postprocessing . defines operators used in the postprocessing
step of the KDD process;

e kddml.Operators.Preprocessing : defines operators used in the preprocessing step
of the KDD process;

e kddml.Operators.Preprocessing.DiscretizationAlgorithms . contains
algorithms able to discretize the attribute of an input preprocessing table;
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e kddml.Operators.Preprocessing.NormalizationAlgorithms : contains al-
gorithms able to normalize a set attributes of an input preprocessing table;

e kddml.Operators.Preprocessing.RewritingAlgorithms : contains algorithms
able to rewrite the values of an input preprocessing attribute;

e kddml.Operators.Preprocessing.SamplingAlgorithms : contains algorithms
used for sampling of an input preprocessing table;

e kddml.Operators.Unclassified . defines unclassified operators (i.e operators that
do not belong to a specific KDD step);

e kddml.Interpreter : defines the interpreter layer;

o kddml.KDDMLGui : defines the low level GUI.

1.4 Organization of this guide

This document focuses on the architecture of the KDDML system without details about each class
and interfaces compounding the system.

In section 2 we present the KDDML object describing the core level KDDML packages and
class diagrams. This allow us to illustrate the relationship between the various interfaces and
classes. We always distinguish from manager and factory.

In section 3 we present how the KDDML operators and algorithms layer is structured and how
the operator layer can be extended in order to add further operators and algorithms.

In section4 we address the question on the KDDML query executor, showing and explaining the
Java fragment related to the core KDDML interpreter.

finally, appendix A, B and C provide UML diagrams about the core layer, the operators layer
and the interpreter layer, respectively.
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Core layer

This section describes the core level using UML class diagrams. For details on the inter-
faces and classes depicted below, refer to the accompanying Java documentation produced using
Javadoc. In order to make this chapter readable, all UML core figures are placed in appendix

2.1 Package kddml.Core

Thekddml.Core package manages the read/write access to data/models repositories and exter-
nal resources. This feature is provided by thetory sub-layer On the other side, the classes in

the package manages a read access to data/models content, giving a programmatic functionality to
the higher layers. This feature is provided by thanager sub-layer

Core manager (see figureA.1)

KDDMLODbject is the abstract root superclass of all KDDML objects. It contains the following
public abstract methods:

e public abstract KDDMLODbjectType getType();
returns the type of this object. The claé®DMLObjectType contains an enumeration of
all legal types and it strictly depends on the KDDML langauge specification.

e public abstract void saveToRepository() throws KDDMLCoreException;
Saves the object into the system repository. The destination path is gathered by means a
protected variable belonging to the class that is defined in the constructor. The method
throws an exception if an I/O error occurs.

e public abstract boolean isEmpty();
tests if the object is empty. This depends on the type of the object. As instance, if a relational
table (resp. a RdA model) do not contain instances (resp. rules) then the methodtratirns

18
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As shown in the sectiod.1, the KDDML query executor uses this methods during the interpreter
cycle.
Directly sub-classes d¢DDMLODbject include:

e kddml.Core.DataMining.MiningModel used to implement a mining model;
e kddml.Core.DataSources.InternalTable that manages tables;
e kddml.Core.KDDQuery used to represent a KDD query as XML document;

e kddml.Core.QueryElement. XMLSpecialElement , that is a special common su-
perclass containing XML elements as used inside a KDD query, such as conditions specifi-
cation, algorithm settings and expressions;

e kddml.Core.Scalar.KDDMLScalar used to represent both XML attributes for lan-
guage algorithms/operators specification and simple scalar values that can be returned by a
KDD operator.

KDD query (see figure A.2)
A KDDQuery contains a KDD query as XML document.

Core exceptions (see figureA.4)

The clasKDDMLCoreException extends thgava.lang.Exception to indicate condi-

tions that a reasonable application might want to catch. It has sub-classes to provide more sophis-
ticated exception handling; i.e. a sub-classes for each sub-package defined in the core layer. This
class implements theDDMLCoreErrorCodes interface for enable error codes to upper layers.

Core factory (see figure A.5)

The factory classes allow to build a new KDDML object. Since all manager classes have protected
constructors, the use of a factory class is required in order to create a new object. KDDML factory
includes a set of classes able to build a new mining model, such as a set of association rules
or a classification tree, a new data source or a condition/expression specification for a language
operator.

The common superclass of factory sub-layé€BDMLObjectFactory , whose main public
method is reported below:

e public abstract KDDMLODbject newlInstance() throws KDDMLCoreException;
returns a new instance of a KDDML object. It uses the manager sub-layer proprietary con-
structors in order to create the right parts composing the returned object. It throws an excep-
tion if an error occurs. The type of the returned object depends on witch class the method is
implemented; Java class casting can be used in order to get the required type.

As shown in the sectiod.1, the KDDML query executor uses this method during the interpreter
cycle.
Concerning data and models, the factory sub-layer is divided into three main set of classes:
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1. therepository factoryis used in order to load a physical object from the system repository.
Main sub-classes atdodelRepositoryFactory placed in the packageddml.Co-
re.DataMining andInternalTableRepositoryFactory placed in the package
kddml.Core.DataSources . Both classes extend the clas®BDMLObjectReposi-
toryFactory

2. theexternal resource factorg used to access an external physical resource, such as a PMML
model or an ARFF file stored outside the repository. Main sub-classes aMadiiel-
ExternalFactory placed in the packageddml.Core.DataMining and theln-
ternalTableExternalFactory placed in the packadeddml.Core.DataSour-
ces ; KDDMLObjectResourceFactory is the common superclass of both classes;

3. finally, the proprietary factoryis used to build the table/model directly from the pack-
age classes themselves or from external Java libraries, but not using physical resources.
Main classes are thdodelProprietaryFactory placed in the packageddml.Co-
re.DataMining and InternalTableProprietaryFactory placed in the pack-
age kddml.Core.DataSources ; KDDMLObjectResourceFactory is the com-
mon superclass of both classes.

2.2 Package kddml.Core.DataSources

TheDataSources package contains classes and interfaces to create and manage relational and
preprocessing tables. The available classes contain methods able to:

e read the data schemata of a table providing statistical information about attributes and in-
stances;

e translate a table from an external format into the internal representation (as XML and CSV
files)

¢ |load in memory a sequential subset of the instances in order to read its content;

e store the table into the repository as XML and CSV format.

Relational tables manager (see figureA.6)

The clasdnternalTable is used to represent standard relational tables in which each col-
umn of the data corresponds to a logical attribute and each row corresponds to an individual case
(transaction). It is composed by:

e the data schemata, that includes types of attributes and some simple statistics on instances
values (clas®ataStatistics );

e the pointer to the physical data that is stored as a text file in a CSV format.
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The classTransactionalinternalTable is used to represent data in a transactional
format in which the table has an attributansaction identifying the transaction and an at-
tribute event containing the single item. Transactions are ordered with respect to the attribute
transaction

Finally, the classTimestampedinternalTable is similar to a transactional table, but
with an extra attributéimestamp . This attribute defines a partial time order between transac-
tions and items. Typically, this format is used for sequential patterns analysis.

Preprocessing tables manager (see figuré.7)

A PPiInternalTable is a table used in the preprocessing task of the KDD process. It is
composed by:

¢ the data schema, that includes attributes types and some simple statistics on attribute values
(classDataStatistics );

e the pointer to the physical data that is stored as a text file in a CSV format;

¢ the pointer to the preprocessing data, including preprocessing information such as marks
associated to a physical instance value belonging to the data section. Also the preprocessing
section isin a CSV format, with the number of columns and rows coinciding with the number
of attributes and rows of the data section;

e the statistics related to the preprocessing section (ElassStatistics )i

e the preprocessing history (claisstory ) used to list the set of preprocessing operations
performed on the table.

Data statistics (see figureA.8)

DataStatistics provides a basic framework for representing univariate statistics. The statis-
tics for a model is made of the collection of the statistics for a single field.

A single AttributeStatistic has a type and, optionally, a taxonomy related to the
field. The statistic information depend on the type of the attribute. The taxonomy is not re-
qguired and, it can be related to non-numeric attributes only. Attributes can be discrete (class
NominalStatistic ), numerical (clas®lumericalStatistic ) or string (classString-

Statistic ). TheAttributeType class contains an enumeration of all legal attribute types.

This classes cannot be instanced outside of the package. They are automatically created by

using factory constructors.

Relational and preprocessing table factory (see figurei.9)

The factory classes belonging to this package allow to build a new table; in other terms, for each
factory class that extendsDDMLObjectFactory , the main methodewlnstance(yeturns a

new InternalTable or PPInternalTable or TransactionallnternalTable ora
TimestamplnternalTable instance as output.
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Concerning relational tables (bdttternalTable , TransactionallnternalTable
and TimestamplinternalTable ), the type of returned object depends on the attributes be-
longing to the data schemataln this case, the table format is automatically recognized by the
methodnewlnstance(jvhen the schemata is parsed. A relational table can be built by using one of
the following factory classes:

¢ InternalTableRepositoryFactory . it creates a new relational table porting it di-
rectly from the system data repository;

e WekaFactory : itcreates a new relational table given an instance ofislea.core.In-
stances class;

e ARFFFactory : it creates a new relational table from a given ARFF file;

e DataBaseFactory : it create atable from gathered from a relational DBMS; the connec-
tion uses the JDBC bridge.

A preprocessing table (i.?PInternalTable ) can be built by using one of the following
factory classes:

e PPInternalTableRepositoryFactory . it creates a new preprocessing table port-
ing it directly form the system data preprocessing repository.

e PPWekaFactory : it creates a newPInternalTable given two instances of the class
weka.core.Instances . The first one contains the real physical instances; the second
one contains the preprocessing information related to the physical instances.

2.3 Package kddml.Core.DataMining

Model manager (see figureA.10)

The abstract claskliningModel is used to represent a generic PMML document. A mining
model is composed by:

¢ an header containing information on application name and application version;
e a data dictionary, containing definitions for fields as used in mining models.

e a mining schema, containing the field of data dictionary that a user has to provide in order to
apply the model.

¢ the content of the model, varying from a model to another in respect of the type of model
extracted (e.g. association rules, clusters, etc.).

IRemember that &ransactionalTable has an attributéransaction identifying the transaction and an
attributeevent containing the single item. AimestamplinternalTable is similar to a transactional table, but
with an extra attributéimestamp .
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Data Dictionary (see figure A.11)

The DataDictionary contains definitions for fields as used in mining models. It specifies the
types and value ranges. These definitions are assumed to be independent of specific data sets as
used for training or scoring a specific model. It is composed by a [BatdField each of them
containing the description of the data field.

TheDataField is composed by the name, the displayed name (that is a string which may be
used by applications to refer to that field), a field type and a vector of enumerated values containing
its values. The last one is used for categorical attributes only. The type ceatdgorical for
discrete attributesyrdinal for string attributes ocontinuoudor numeric attributes.

Mining Schema (see figureA.12)

TheMiningSchema lists the fields used in the model. These fields are a subset of the fields in the
data dictionary. The mining schema contains information that is specific to a certain model, while
the data dictionary contains data definitions that do not vary with the modelinkkgSchema
is composed by a list d¥iningField each of them containing the description of the mining
field.

The MiningField is composed by the name and the usage type. The last one G be
tive, an input of the modelpredicted an output of the model, upplementaryholding only
descriptive information and ignored by the model.

Matrixes (see figure A.13)

In actual version, KDDML implements four types of matrixes:

1. a CategoryMatrix is the common superclass that represents a matrix whose axes are
categories;

2. aSymmetricMatrix is a category matrix in which the value at (j, k) position is the same
as the value at (k, j) position;

3. a DiagonalMatrix IS a symmetric matrix in witch the non-diagonal values have zero
value;

4. aConfusionMatrix is a matrix that specifies the statistics of the correct predictions and
mispredictions. The rows represent the predicted classes whereas the columns indicate the
correct class values. The value at entry (j, k) is the number of predictions for class j when
k is the correct prediction. On the rows we assume the actual values. On the columns we

assume the predicted values. The cl@ssifusionMatrix is used in the classification
model and it is placed in theddml.Core.DataMining.ClassificationTrees
package.

Model Factory (see figure A.14)

TheModelRepositoryFactory is the common abstract superclass for the repository factory
classes managing models.
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The ModelProprietaryFactory is the common abstract superclass for the proprietary
factory classes managing models.
Finally, theModelExternalFactory is the common abstract superclass for the external

resource factory classes managing models. It defines a set of proprietary abstract methods to be
implemented under the subclasses in order to add a new model external resource (such as a text file
containing the model or another physical representation) into the system (see se6tipnBoth
ModelExternalFactory andModelProprietaryFactory extend the most generic ab-

stract classModelResourceFactory

2.3.1 Package kddml.Core.DataMining.AssociationRules

The AssociationRules package contains classes and interfaces to generate and manage as-
sociation rules and frequent itemsets. The available classes contain methods able to:

e construct a predefined set of association rules or import them from an external resource (e.g.
a PMML model);

add or remove association rules or frequent itemsets;

read the content of the model;

translate the set of association rules into a table representation;

store the model into the repository as PMML or HTML document.

Association rules manager (see figuréA.15)
KDDML association model deals with two types of association rules (itemsets):

e inter-attribute association rulethan have the formoutlook=sunny AND windy=false—
play=yes". This association rules are obtained from inter-attribute transaction.

e intra-attribute association rulesuch as'spaghetti AND tomate— parmesan’ this associ-
ation rules are generated by using boolean transactions.

An AssociationModel consists of a set of attributes (such as the minimum support and
the minimum confidence) and three major parts:

1. a set of items;
2. a set of frequent itemsets;
3. a set of association rules.

An association model can contain any number (eventually empty) of items, itemsets and associa-
tion rules witch are ordered following a precise criterium. They are stored jat@aJtils.-
TreeSet Java structure containing a comparator used to compare the objectSqisgare-
Items, Compareltemsets, CompareAssociationRules classes).
An Itemset consists of a set of items with a related support.
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An AssociationRule defines a relationship between two itemsets where the antecedent
implies the consequent. An association rule—~ C, consists of the support, the confidence, the
antecedenitemset (A) and the consequeftemset (C).

Data transactions (see figureA.19)

The classTransaction  represents a data transaction that is composed by one or more items.
Item can beintra-attribute (or boolear), i.e. with no value related, dnter-attribute and it
consists of three major parts:

1. the item name;
2. the item value for inter-attribute items only;
3. a mapped value to which the original item name is mapped; this field is not required.

Each transaction only contains boolean items or inter-attribute items. In the first one case, the trans-
action is saidboolean otherwise, the transaction is sarer-attribute No hybrid transactions
are allowed inside a model. As an instance, the inter-attribute transdGtidicar Type=racing,
homelnsurance=low, married=fal$és composed by three items with nanoes Type, homelnsur-
anceandmarriedrespectively and valuascing, lowandfalserespectively. On the contrary, the
boolean transactioif,={milk, bread stores only two boolean items with namagadandmilk
and without values associated.

The clasdtem admits additional features, such as the price or the quantity of a purchased
product. Each feature is stored in a distinct Java object nareedFeature

Finally, theTimestampedTransaction class is used in the sequential patterns analysis in
order to add a timestamp to the related transaction (see 36%D).

Association rules factory (see figureA.20)

The factory classes allow to build a new association model; in other terms, for each factory class
belonging to the package, the methwelvinstance(jeturns a nevAssociationModel as out-
put.

An association model can be built by using one of the following factory classes:

e EmptyAssociationFactory . it generates an empty association model, i.e. without
itemsets or rules inside; further frequent itemsets or rules can be added later, by using the
related methods and constructors defined into the manager sub-layer.

¢ |temsetAssociationFactory . it constructs a new association model from a given
set ofltemset classes. A minimum confidence must be also provided in the constructor.
The main methodiewlInstance(jirst finds the list of items from the given itemsets, and then
it computes the set of association rules that satisfy the specified minimum confidence. A
public method allows to fix the maximum number of association rules to be generate.

¢ RulesAssociationFactory . it constructs a new association model given a set of
AssociationRule classes. A minimum support and a minimum confidence must be
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also provided in the constructor. The main metimagvinstance(}hen computes the set of
frequent itemsets from the specified association rules by using the given minimum support.
A protected method allows to fix the maximum number of itemsets to be generate.

e AssociationRepositoryFactory . it generates an association model directly from
the system model repository. In other terms, the main metlesdnstance(jinds the phys-
ical XML model in the directory repository and then, it parses and transforms the loaded
model into an abstract object representation.

e PMMLZ20AssociationFactory . it constructs a new association model from an external
PMML model. This class is PMML 2.0 compatible.

2.3.2 Package kddml.Core.DataMining.SequentialPatterns

The SequentialPatterns package contains classes and interfaces to generate and manage
sequential patterns. The available classes contain methods able to:

e construct a predefined set of sequential patterns or import them from an external resource
(e.g. a PMML model);

add or remove sequential patterns or rule sequences;

read the content of the model;

translate the set of sequential patterns into a table representation;

store the model into the repository as PMML or HTML document.

Sequential patterns manager (see figureA.21)

A SequenceModel consists of a set of attributes (such as the minimum support, the minimum
confidence, the number of transaction in the data, etc.) and four major parts:

1. alist of items;

2. alist of sequence elements (i.e. itemsets), composing the sequences;
3. alist of frequent sequences;

4. alist (eventually empty) of sequence rules.

Any object is ordered following a precise criterium and stored infava.Utils. TreeSet
Java structure, containing a comparator used to compare the objec@ofepareSequence-
Elements, CompareSequence, CompareSequenceRules classes).

Items are defined as in theldml.Core.DataMining.AssociationRules package.
Sequence elements, sequences and sequence rules are described below.
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Sequence element (see figuré.22)

In PMML, the elements that compound a sequence can be either itemsets or set predicates. In
current version, KDDML implements itemsets, but it do not support the set predicates. However,
the abstract clasSequenceElement contains the encapsulation of a generic sequence element
and can include both itemsets and set predicates as subclasses.

The subclasiemSetElement  implements an itemset as used inside a sequence. It is com-
posed by a list of items as kddml.Core.DataMining.AssociationRules.ltem and
a support related to the sequence.

Sequence (see figuré\.23)

A Sequence manages sequential patterns, i.e. an ordered collection of itemsets. A delimiter
is used as separator between two itemsets inside the sequence (see later). Sdguseerace
consists of:

e the support, i.e. the ratio of the number of objects in the data for which this sequence holds
true, to the total number of objects in the data. This attribute is optional.

e the number of occurrences, i.e. the number of objects in the data for which this sequence
holds true. This attribute is optional.

e alistofSequenceElement , each ofthem separated by one that follows wihedimiter
that specify the kind of relation between elements.

A sequence must contain at least @egjuenceElement

Sequence rule (see figureh.24)

A SequenceRule consists of an antecedefequence and a consequer@equence , sepa-
rated by aDelimiter

The Time between the antecedent sequence and the consequent sequence gives statistics on
the elapsed time between the antecedent and the consequence, whilme¢hbéetween the an-
tecedent (resp. consequent) itemsets gives statistics on the total elapsed time from the first to the
last itemsets in the antecedent (resp. consequent) sequence rule. The elémendse optional
inside aSequenceRule : itis only statistics for information, not implying any constraints.

Delimiter (see figure A.25)

A Delimiter  is the separation between two sets in a sequence, or between two sequences in a
sequence rule. It is composed bpalimiterType and aGapType.

A DelimiterType states whether or not this set predicate occurred within the same event
or time period, as defined by a time window, (e.g. session) as the previous one. E.g., if items are
purchased during the same visit, delimiter would‘é@me time window” If items are purchased
in separate visits, the value for delimiter would ‘@®ross time window” In current version,
KDDML manages onlyacross time window"delimiter types.
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A GapType is the possible existence of set predicates between this and the previous set or
sequence. In PMML it can b&rue” , “false” or “unknown”. In the first case, it represents an
open sequence, which allows for gaps between sequences (as does unknown). In a closed sequence
the gap is set téfalse”, indicating that the two sequences being described are consecutive sets
in the data.“Unknown” expresses that may exists elements/sequences between two consecutive
sequences/rules. In current version, KDDML manages amknown” gap types.

Data sequence transaction (see figuré.26)

A DataSequence s a list of data transactions ordered by means a timestamp.

Each single transaction is represented by means an instaihoeedtampedTransaction
class. It extends the cla3sansaction  placed in th&kddml.Core.DataMining.Asso-
ciationRules package and offers a timestamp attribute in addiction.

Sequential patterns factory (see figureA.20)

The factory classes allow to build a new sequence model; in other terms, for each factory class
belonging to the package, the methwalvinstance(jeturns a nevsequenceModel as output.
A sequence model can be built by using one of the following factory classes:

e EmptySequenceFactory : itgenerates an empty sequence model, i.e. without sequences
or sequence rules inside; further elements can be added later, by using the related methods
and constructors defined into the manager sub-layer.

e SequenceFactory : it constructs a new sequence model from a given s8egjuence
classes. A minimum support and a minimum confidence must be also provided in the con-
structor. The main methagewlnstance(jlo not compute sequence rules. A public method
allows to fix the maximum number of sequences to be generate; extra sequences are cut-off
from the model.

e RulesSequenceFactory : itconstructs a new sequence model given a segjuence
classes and a set 8equenceRule classes. A minimum support and a minimum confi-
dence must be also provided in the constructor. Two public methods allow to fix the maxi-
mum number of sequences and the maximum number of sequence rules to be generate; extra
sequences and sequence rules are cut-off from the model.

e SequenceRepositoryFactory . it generates a sequence model directly from the sys-
tem model repository. In other terms, the main methewinstance(finds the physical
XML model in the directory repository and then, it parses and transforms the loaded model
into an abstract object representation.

e PMML20SequenceFactory : it constructs a new sequence model from an external PMML
model. This class is PMML 2.0 compatible.
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2.3.3 Package kddml.Core.DataMining.ClassificationTrees

The ClassificationTrees package contains classes and interfaces to generate and manage
tree models. The available classes contain methods able to:

e construct a predefined classification tree or import it from an external resource (e.g. a PMML
model);

¢ read the content of the model;
e classify a set of given instances;
e store the model into the repository as PMML or HTML document.

The standard PMML model has been extended by KDDML in two cases.

In the first one, it has been used in order to add the notion of confusion matrix to a decision
tree model. A confusion matrix can be related both to the training set, used to build the model, and
to the test set, used to test the model. The definition is similar in both cases.

The second extension concerns meta-classifiers. We allow for classification models that exploit
predictions of two or more decision trees. In actual implementation, KDDML supports three voting
strategiescommitte and, or.

Tree model manager (see figureA.28)

The classTreeModel manages a classification tree. It consists of a reference to the node root.
Each nodes holds a logical predicate expression that defines the rule for choosing the node or any
of the branching nodes.

Optionally, a classification model can have two confusion matrixes related to the training and
test set respectively. This depends on the algorithm used to build the model. A confusion matrix is
a two-dimensional table that indicates the number of correct and incorrect predictions a tree model
made on specific data. It provides a measure of accuracy of the model. It has been described in
section 2.3

Tree nodes (see figureA.29)

The main abstract clagdode is an encapsulation for either defining a split or a leaf in a tree
model or a compound tree (using fand or, committeeoperations).

A SimpleNode represent an internal or a leaf node in a simple classification tree. Every
SimpleNode contains a predicate that identifies a rule for choosing itself or any of its siblings. A
predicate may be an expression composed of other nested predicates. In ad8itopledNode
may contain a score distribution which characterizes the distribution of data at that node with
respect to a reference dataset.

Summarizing, &impleNode consists of:

¢ the list of children if the node is an internal node. Children%irapleNode themselves;

o the reference to the father node if the node is not the root. The fatheBimp@leNode
itself;



CHAPTER 2. CORE LAYER 30

e a not null predicate;
e the score distribution of data;

¢ the category for the target attribute assigned by the algorithm and, optionally, the number of
cases assigned to this tree node.

A CompoundTree represents a combination of classification trees. It is composed by a list
of one or moreNode (this means that compound operators can be nested). Combination can be
boolean ocommittee

A CompoundBooleanTree implements a combination between two or more classification
trees with a boolean operatand or or. They can be applied only on decision trees, in witch the
target attribute is binary and contains a positive class (Buge, ye9 and a negative class (e.g.
false no).

A CompoundBaggingsTree implements a combination between two or more classification
trees with a voting operator.

Predicates (see figureA.30)

A Predicate  serves as the common representation for various types of predicates. A predicate
can be a simple comparison predicate (e < 20”) or a compound predicate (e.tuge < 20
andsalary < 50007).

The classSimplePredicate represents a simple predicate that consists of defining a rule
in the form of a simple boolean expression. The rule consists of a field, a binary comparison op-
erator, and a value. ASimplePredicate can be either &impleBooleanPredicate , a
SimpleComparisonPredicate or aSimpleSetPredicate , depending by the compari-
son operator.

A SimpleBooleanPredicate represents a simple boolean value, suctingesor false

A SimpleComparisonPredicate consists of a single comparison between a logical at-
tribute value and a constant. The constant can be either numeric or categorfiatpeCom-
parisonPredicate consists of:

e a comparison operatoequal not equaj less thanless or equalgreater than greater or
equa);

¢ the name entry of one of the mining field elements at the mining schema;
¢ the information to evaluate or compare against.

A SimpleSetPredicate checks whether a field value is element of a set. The attribute
associated with this object can take one of following boolean operators:

¢ “Isin” which becomedrueif the value of the attribute is one of the specified set (écglor
isin {red, green}”);

¢ ’'Is not in’ which becomesrueif the value of the attribute is not one of the specified set (e.g.,
“color is not in {white, black”).
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A CompoundBooleanPredicate is a set of predicates connected by a logical or relational
operators. For exampleafje< 30 and salary> 50K’ is a compound predicate which is connected
by a boolearandoperator. Allowed boolean operators arel or, xor andsurrogate

Score Distribution (see figure A.31)

TheScoreDistribution implements a method to list predicted values in a classification trees
structure. If the node holds an enumeration, each entry of the enumeration is stored in an hashtable
structure where:

¢ the key is the category of the target attribute;
e the value is the size (i.e., the number of records) associated with the category.

When aSimpleNode is selected as the final node and if this node has no “score” attribute, then
the highest record count in tHecoreDistribution determines which value is selected as
predicted class.

Tree model factory (see figureA.32)

The factory classes allow to build a new classification tree model; in other terms, for each factory
class belonging to the package, the methed/instance(jeturns a newrreeModel as output.
A classification tree can be built by using one of the following factory classes:

e ClassificationProprietaryFactory . it generates a classification model given a
Node as root of the tree and, optionally, the test and training confusion matrixes. The input
tree can be generated by using the methods and the constructors belonging to the manager
sub-layer.

¢ ClassificationRepositoryFactory . it generates a classification model directly
from the system model repository. In other terms, the main metleadnstance(jinds the
physical XML model in the directory repository and then, it parses and transforms the loaded
model into an abstract object representation.

e PMML20ClassificationFactory . it constructs a new tree model from an external
PMML model. This class is PMML 2.0 compatible.

2.3.4 Package kddml.Core.DataMining.Clustering

Clustering methods may be classified into three groulistance-baseddistribution-basedor
model-basey density-based methaods

Distance-basedlustering needs a distance or dissimilarity measurement based on which they
try to group those most similar objects into one cluster. K-Means is a distance-based partitioning
method.

Model-basedor distribution-basedclustering methods assume the data of each cluster con-
forms to a specific statistical distribution (e.g. the Gaussian distribution) and the whole dataset
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is a mixture of several distribution models. EM is an example of distribution-based partitioning
clustering that do not require the specification of distance measures.

Density-base@pproaches regard a cluster as a dense region of data objects.

In actual version, KDDML manages both center-based clustering and distribution-based clus-
tering. For each cluster, a center vector can be given. In center-based models a cluster is defined
by a vector of center coordinates. Some distance measure is used to determine the nearest center,
that is the nearest cluster for a given input record. For distribution-based models, the clusters are
defined by their statistics. Some similarity measure is used to determine the best matching cluster
for a given record. The center vectors then only approximate the clusters (i.e. the set of cases
belonging them).

The Clustering package contains classes and interfaces to generate and manage clusters.
The available classes contain methods able to:

e construct a predefined set of clusters or import them from an external resource (e.g. a PMML
model);

e read the content of the model;
e get the cluster containing a given input instance;

e store the model into the repository as PMML or HTML document.

Clustering model manager (see figureA.33)

A ClusteringModel basically consists of three parts:
1. a cluster description containing the fields as used in the center vectors for each cluster;

2. a comparison measure used to compare a record with a cluster seed that represents the clus-
ter;

3. a set (eventually empty) of clusters. Each cluster is defined by its center vector or by sta-
tistics, depending on the type of clustering (center-based or distribution-based respectively)
performed; this information is stored in the cluster description.

Cluster Description (see figure A.34)

The ClusterDescription contains the fields as used in the center vectors for each cluster.
The fields which are used in the center vectors are normalized, in particular this allows to map
categorical input fields into numeric values in center vectorsClésterDescription is
composed by the description of one or mQiesteringField

EachClusteringField represents a single clustering field and consists of four major parts:

1. the name referring a mining schema field,;

2. afield weight that is the importance factor for the field. This field is used in the comparison
functions in order to compute the comparison measure. The default value is
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3. the similarity scale that is the distance such that similarity becdnies

4. the attribute comparison measure that is a function of taking two field values and a similarity
scale to define similarity/distance. It can el , for example when a distribution-based
function is used.

Other features depend on the type of clustering field that can be discrete or continuous.

For aDiscreteClusteringField a list of categories is given.

For aContinuousClusteringField a normalization matrix is given. This matrix repre-
sents the linear norm for this numeric field. The matrix is 2 X n. The first row contains the origin
values. The second row contains the normalized values.

Comparison Measures (see figureA.35)

A ComparisonMeasure is used to compare a record with a cluster seed that represents the
cluster. This is important in order to determine the nearest cluster for a given input instance. Com-
parison measures are defined both for centroid-based clustering and distribution-based clustering.

A DistributionBasedComparisonMeasure is allowed only for distribution-based
clustering. If this is the case, the distribution probability (i.e. the distribution probability that
the instance belongs to the set of clusters) is of interest and the comparison measure is computed
on cluster statistics information only. In actual implementation, KDDML supportgM@xpec-
tation Maximization) comparison function.

In CentroidBasedComparisonMeasure , the distance between the input instance and
the seed of the cluster is of interest. A centroid-based measure can be used both for distribution-
based clustering and for centroid-based clustering. In the first one case, the seed of the cluster is
calculated from the cluster statistics. In the second case, the cluster seed coincides with the cluster
centroid. When two records are compared then either the distance or the similarity is of interest. In
both cases the measures can be computed by a combinatiorfiohanfunction” and anf‘outer
function”. The “inner function” compares two single field values and the “outer function” com-
putes an aggregation over all fields. T@entroidBasedComparisonMeasure describes
the aggregation function to determine the similarity between two single cases (outer comparison
function). It is composed by the function name and a list of one or more attribute comparison
measures (“inner functions”). Depending on the attribute kind, the aggregated value is optimal if it
is O (for distance measure) or greater values indicate optimal fit (for similarity measure). In actual
implementation, the “outer function” can be one of:

e EUCLIDEAN

SQUAREIEUCLIDEAN
TANIMOTO

MINKOWK]

CITY .BLOCK

JACCARD



CHAPTER 2. CORE LAYER 34

e SIMPLE_MATCHING
o BINARY_SIMILARITY ;
e CHEBYCHEV

Attribute Comparison Measure (see figure A.36)

The AttributeComparisonMeasure class describes the comparison function to be used to
determine the similarity between two values of an attribtitenér comparison functionj in a
centroid-based comparison measure. In actual implementation, the inner function can be one of:

e ABSOLUTEDIFFERENCE

GAUSSIANSIMILARITY ;

DELTA

EQUAL
SIMILARITY _MATRIX

Clusters (see figureA.37)

A Cluster represents a single cluster inside the model and it is composed by five major parts:
1. a unique identifier;
2. the cluster name;
3. the number of elements (of the original population) belonging to the cluster;
4

. acluster distribution that holds information about the instances belonging to the cluster. This
field is required for distribution-based clustering only and can be omitted otherwise;

5. a covariances matrix that contains information on overall data distribution. A covariance ma-
trix stores coordinate-by-coordinate variances (diagonal cells) and covariances (non-diagonal
cells). The covariance matrix is optional.

A cluster can be centroid-based or distribution-based, depending on the type of clustering per-
formed.

In aCentroidBasedCluster , a vector of center coordinates is used in order to represents
the seed of the cluster.
For aDistributionBasedCluster , the seed is defined by the statistics related to this

cluster.
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Cluster Statistics (see figureA.38)

A ClusterStatistic holds statistical information about the overall background population.
It is required for distribution-based clustering only.
It is composed by one or mofgtatisticField which stores information about a single

mining field belonging to the model. This includes discrete statistics or continuous statistics which
include possible field values and interval boundaries.

For discrete fields, ®iscreteStatisticField is used. It contains the frequencies of
the categories computed on instances belonging to the cluster. This information is stored in a
java.util.Hashtable structure.

For continuous fields, &ontinuousStatisticField is used. It contains the mean and
the standard deviation of instances belonging to the cluster.

A ClusterStatistic may also contain a cluster priors, that is the prior probability (com-
puted on background population) that an instance belongs to the cluster.

In center-based models, a cluster is defined by a vector of center coordinates. Some distance
measure is used to determine the nearest center, that is the nearest cluster for a given input record.
For distribution-based models, the clusters are always defined by their statistics. However, the
definition of a cluster may contain a center vector as well as statistics.

Clustering factory (see figure A.39)

The factory classes allow to build a new clustering model; in other terms, for each factory class
belonging to the package, the methuelvinstance(jeturns a newClusteringModel as out-
put.

A clustering tree can be built by using one of the following factory classes:

e EmptyClusteringFactory . it generates an empty set of clusters. For the clustering, a
comparison function and a cluster description are required. They can be generated by using
the methods and the constructors belonging to the clustering manager sub-layer. The type of
clustering depends on tli&dusterDescription provided.

e ClusteringRepositoryFactory . it generates a clustering model directly from the
system model repository. In other terms, the main metimainstance(jinds the physical
XML model in the directory repository and then, it parses and transforms the loaded model
into an abstract object representation.

e PMML20ClusteringFactory . it constructs a new clustering model from an external
PMML model. This class is PMML 2.0 compatible.

2.3.5 Package kddml.Core.DataMining.Taxonomy

The values of a categorical field can be organized in a hierarchy. The representation of hierarchies
in KDDML is based on parent/child relationships; a tabular format is used to provide the data for
these relationships. The actual values are stored in the hierarchy object. So, the tabular data can
also be part of the PMML document itself. The table would be recursive in the sense that a value
in the parent column can also appear in the child column.
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The Taxonomy package contains classes and interfaces to generate and manage hierarchies.
The available classes contain methods able to:

e construct a predefined hierarchy or import them from an external resource (e.g. a PMML
model);

e remove nodes from the hierarchy;
e read the content of the hierarchy;

e store the model into the repository as PMML or HTML document.

Taxonomy manager (see figureA.40)

A HierarchyModel contains an item hierarchy. It consists of the hierarchy name and the
pointer to the hierarchy root. Root node, leaf nodes and internal nodes of the hierarchy are managed
by using theHierarchyNode class.

A HierarchyNode is composed by the node name, the pointers to the children (eventually
empty) and the pointer to the father node (eventually empty). Father node and children nodes
areHierarchyNode themselves.

Taxonomy factory (see figure A.41)

The factory classes allow to build a new hierarchy; in other terms, for each factory class belonging
to the package, the metho@wlnstance(jeturns a newierarchyModel  as output.
A hierarchy can be built by using one of the following factory classes:

e HierachyHashtableFactory . it generates a new taxonomy model givejaa. u-
tils.Hashtable containing the association child/parent of the hierarchy nodes. In the
hash-table, the key is the node children name and the value is the parent node name.

e HierarchyRepositoryFactory . it generates a hierarchy model directly from the sys-
tem model repository. In other terms, the main methewinstance(finds the physical
XML model in the directory repository and then, it parses and transforms the loaded model
into an abstract object representation.

2.4 Package kddml.Core.QueryElement

This package includes classes that define an XML special elements to be used inside a KDD
guery, such as conditions and algorithm specifications, mathematic expressions or generic XML
elements.
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Query element manager (see figureA.42)

XMLSpecialElement is the common abstract class for a KDD query elements. It includes as
subclasses:

e a condition specification;
e an expression;
e an algorithm specification;

e ageneric XML element.

Algorithm specification (see figure B.2)

The clasKDDMLAIgorithm manages parameters associated with a particular preprocessing or
mining algorithm. It is composed by the algorithm name and a list of parameter settings containing
the parameter namé&fmal parameterand the parameter valuadtual parameter.

Generic XML element (see figure ?7?)

The classXMLincorporates a generic XML object belonging to the KDD query. It is stored as
XML element that is evaluated directly from the language operator.

2.4.1 Package kddml.Core.QueryElement.Condition

This package implements a condition specification as used in a KDD query. A condition is useful
to evaluate boolean operators on table attributes and/or constantg(eegme all rows in which
the attributetemperature is less than 80). Recall its DTD reported in figure.L

<IELEMENT CONDITION (TRUE|FALSE|OR_COND|NOT_COND|AND_COND|BASE_COND)>
<IELEMENT TRUE EMPTY>
<IELEMENT FALSE EMPTY>
<I[ELEMENT OR_COND ((OR_COND|NOT_COND|AND_COND|BASE_COND),
(OR_CONDINOT_COND|AND_CONDI|BASE_COND)+)>
<IELEMENT AND_COND ((OR_COND|NOT_COND|AND_COND|BASE_COND),
(OR_CONDINOT_COND|AND_CONDI|BASE_COND)+)>
<IELEMENT NOT_COND ((OR_COND|NOT_COND|AND_COND|BASE_COND))>
<IELEMENT BASE_COND EMPTY>
<IATTLIST BASE_COND op_type %string; #REQUIRED
terml %any_type; #REQUIRED
term2 %any_type; #IMPLIED
term3 %any_type; #MPLIED>

Figure 2.1: The DTD of the eleme@IONDITIONas used in a KDD operator.
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Condition Manager (see figure A.45)

A Condition  can be a boolean condition, a base condition or a compound condition.

Boolean condition (see figureA.46)

The clasBooleanCondition represents a basic boolean constant, sud¢tuaor false

Base condition (see figureA.48)

The abstract clad8aseCondition  encapsulates the primithn@ASE CONDCelement, as shown
in figure 2.1 A primitive condition is used in order to evaluate boolean operators (sutitoas
equal”) on table attributes and/or constants. Here, table attributes stand both for relational (or
preprocessing) table columns and model properties (e.g. the support of an association rule). Table
attributes can be referred by using the special sym@blrf the value attribute. Operators can be
unary, binary or ternary, as expressed bytdrenl , term2 , term3 fields in the related DTD.

A BaseCondition  class is composed by:

¢ the type of the operator (e.got _equal ,less _or _equal );

e a ternary list containing string values that encapsulates the terms. The second (resp. third)
element of the list is missing in case of unary (resp. binary) operator type;

e aternary list containing boolean values. Each boolean valiadsisif the related term value
is a table attribute instead of a constant.

TheBaseCondition class already implements some basic operators, sueguas , not _e-
qual , greater , greater _or _equal , less , less _or _equal , with usual significate. A
specific language operator condition extends the abstraclBdseondition  and it can define
further proprietary base condition operators.

Each primitive condition is accomplished with a description condition class. The abstract class
BaseConditionDescr contains an enumeration of all operators related to the primitive condi-
tion, i.e. it lists the legal condition operators. Moreover, it defines methods performing a correct-
ness checking about terms values, in respect to the operator specification.

Compound condition (see figureA.47)

A CompoundCondition realizes a combination between one or more conditions through log-
ical operators, such &0T AND OR It is composed by a list one or mo@ondition  that can

be, recursively, botiBaseCondition , BooleanCondition and CompoundCondition

In the case oOrCondition , the list size is exactly one.

Condition Factory (see figure A.49)

The classConditionFactory allows to build a new condition specification given the DOM
representation of the related XML element.
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2.4.2 Package kddml.Core.ProprietaryElement.Expression

This package implements an expression specification as used in a KDD operator. An expression
is defined by means the combination of mathematical operators (sithraslivision , etc.)

on table attributes and/or constants (¢'gum the content of the attributeemperature  with

the content of the attributeumidity ). An expression is similar to a condition, but it returns a
scalar value instead of a boolean value. The DTD is reported in figute

<IELEMENT EXPRESSION (BASE_TERM|SEQ_TERM|IF_TERM)>
<I[ELEMENT SEQ_TERM ((BASE_TERM|SEQ_TERMI|IF_TERM),
(BASE_TERM|SEQ_TERM]|IF_TERM)+)>

<IATTLIST SEQ_TERM op_type

(concat|equal|sum|multiply|subtract|divide) #REQUIRED>
<I[ELEMENT BASE_TERM EMPTY>
<IATTLIST BASE_TERM value %any_type; #REQUIRED>
<I[ELEMENT IF_TERM (CONDITION, (BASE_TERM|SEQ_TERM|IF_TERM),

(BASE_TERM|SEQ_TERM]|IF_TERM)?)>

Figure 2.2: The eleme@XPRESSIONas used in a KDD operator.

Expression Manager (see figureA.50)

An Expression is composed by a base statement, a sequential statement or a conditional state-
ment.

The clasBaseTerm provides primitive numerical/string constants or table attribute names.
We can distinguish the last one from the constants by using the special sy@boéfore the
attribute name.

TheSeqgTerm class includes basic operatiorailition, multiplication, subtraction, division,
comparisorof numbers an@¢oncatenation, comparisasf strings) on terms. It is composed by a
pointer to the operator type and a list of one or méxpression

Finally, thelfTerm class manages the conditional statement used to evaltlaastatement
or an (optionalelsestatement according to a condition. It is composed by three elements:

1. arequiredExpression representing théhenstatement;
2. an optionaExpression  representing thelsestatement;

3. a condition specification, as defined in e EXPRESSIONCONDITIONCclass (see sect.
2.4.1).

Expression Factory (see figureA.51)

The clas€xpressionFactory allows to build a new expression specification given the DOM
representation of the XML element.
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2.5 Package kddml.Core.Scalar

This package is used by KDDML to represent XML attributes as used inside a KDD operator
or an algorithm specification. It also serves in order to represent the result of language operators
whose output is a scalar value.

Scalar Manager (see figureA.52)

A KDDMLScalar is composed by a value and a pointer to the type of the object.

The value is a Java math expression (e.g. “3+4*2”) or a constant (e.g. “12.3", “foo”) that is
parsed and evaluated by KDDML when required.

The type is important in order to check the correctness of the input scalar value. Checking is
performed, for example, by the KDDML interpreter during the parsing of the KDD query.

Scalar Types (see figureA.53)

The KDDMLScalarType incorporates a type related to a scalar value. It can be one of the
following:

e StringType (see figureA.54): a generic string;

e FileReaderType (see figureA.56): a file reader, used in order to read the content of a
physical file. In this case, the scalar value contains the pointer to the physical file; KDDML
checks whether the specified path exist when checking is performed.

e FileWriterType (see figure A.56): a file writer, used in order to write on a physical
file. In this case, the scalar value contains the pointer to the physical file; KDDML checks
whether the specified path exist when checking is performed.

e EnumerationType (see figureA.55): an enumeration in which scalar value can be one
of a list of acceptable values.

e ListType (see figureA.57): a list of values in a comma separated form. Values can be of
various typejava.lang.String (e.g. “sunny, overcast, rainy’java.lang.Integer
(e.g. -1, 2, 6"),java.lang.Double (e.g. ~-3.4,0.0,0.2").

e RangeType (see figureA.58): range of values used to contain all the values between the
minimum and maximum values, where the minimum/maximum value can be considered
either included or excluded from the range. Range can be javthlang.Integer
andjava.lang.Double type. KDDML checks that the scalar value is included in the
specified range when checking is performed.

The interfaceKDDMLScalarTypeEnum lists all the accepted scalar types. When not speci-
fied, KDDMLScalar assumes that the type of the scalar &tangType by default.
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2.6 Extending the core layer

The design of the KDDML system had to take into special account the requirements of extensi-
bility. The extension related to the core layer can be distinguished into:

e external data resources extensibilitmeans adding a new physical data resource similar to
the ARFF format, already included in the system. Typical examples include4lte data
format, files in binary or XML format or proprietary data representation.

e external model resources extensibilimeans adding a new physical resource to an existent
mining model. Typical examples include further versions of PMML, text files or proprietary
model representation.

e condition extensibility means adding a new condition specification for a given language
operator.

e models extensibilitymeans adding a new form of extracted knowledge to the system. This
means also to add a new type to the the core layer.

2.6.1 Adding a new external resource
Adding a new data resource

To add a new external data resource, the abstract ktidisl.Core.DataSources.In-
ternalTableExternalFactory must be extended. This requires the implementation of
some abstract protected methods that are used inside the nmetivbrastance() (see the ac-
companying KDDML and WEKA API Java documentation for details).

Adding a new model resource

To add a new model resource, an appropriate abstract class must be extended. This requires the im-
plementation of some abstract protected methods that are used inside the nesthtatance()

The table 2.1 specifies which class must be extended according to the type of model involved (see
the accompanying APl Java documentation for details).

2.6.2 Adding a new base condition specification

To add a new base condition, two appropriate abstract class must be extended:
e kddml.Core.ProprietaryElement.Condition.BaseCondition ;

e kddml.Core.ProprietaryElement.Condition.BaseConditionDescr

This requires the implementation of some abstract protected methods (see the accompanying API
Java documentation for details).

The name of the classes created must coincide with the name of the parent operator containing
the condition, followed by the extensiofrSONDITIONand_CONDITION.DESCRespectively.

2Remember that the packakedml.Core.DataSources uses thaveka.core package in order to represent
tables.
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| Modelinvolved | Class to extend |

Association rules| kddml.Core.DataMining.AssociationRules.AssociationExternalFactory
Sequential patterns kddml.Core.DataMining.SequentialPatterns.SequenceExternalFactory

Tree kddml.Core.DataMining.ClassificationTree.ClassificationExternalFactory
Clustering kddml.Core.DataMining.Clustering.ClusteringExternalFactory
Hierarchy kddml.Core.DataMining.Taxonomy.HierarchyExternalFactory

Table 2.1: Correspondence between models and external resources manager

2.6.3 Adding a new mining model

Adding a new mining model means add a new type to the core level and implement a new package
of appropriate classes and interfaces.

Adding a new type

The kddml.Core.KDDMLODbjectType lists all legal object types as used in the KDDML
language specification. A new type (i.e. a new mining model) can be easily added to the system
adding to this class the following Java code:

public final static KDDMLObjectType MY_NEW_MODEL = new KDDMLObjectType(
"MyNewModel",
"my new model description”,
RepositoryResolver. MODELS_PATH + "myNewModel" + File.separator,
"kdd_query_my_new_maodel",
"MY_NEW_MODEL",
"pmml_v2_0.dtd",
"MyNewModel.xsl");

The protected constructor of the clasBDMLODbjectType accepts as input the following
arguments:

[ —

. a name identifying the new model;
. a model description;

the pointer to the physical repository containing the new mining models;

BowoN

the XML entity name as defined in the KDDML DTD definition. It is required for mining
models;

5. the operator core name as in KDDML language operator definition (i.e. the prefix used by
the KDDML operators that use the model);

6. the name referring the DTD file related to this modahfnl_v2 0.dtd if the PMML rep-
resentation is used);
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7. the name referring the XSL file related to this model. The XSL stylesheet file is used in order
to translate the XML model representation into an HTML model representation for further
model visualization.

Adding a new package

A new package, named as instaiMgNewModel, must be located in thikddml.Core.Da-
taMining  sub-package. This package will contain all classes and interfaces able to manage the
new model.

The next step is to insert inside this package a set of minimal classes and interfaces and integrate
them into the system. In order to do this, the distinction between factory sub-layer and manager
sub-layer must be preserved. The tall& shows the minimum set of classes and interfaces to
implement and the relative classes and interfaces that must be extended.

| New class/interface \ Class/interface to extend |
Factory sub-layer
MyNewModelProprietaryFactory kddml.Core.DataMining.ModelProprietaryFacto
MyNewModelExternalFactory | kddml.Core.DataMining.ModelExternalFactory
MyNewModelRepositoryFactory kddml.Core.DataMining.ModelRepositoryFactory
Manager sub-layer
MyNewModel kddml.Core.DataMining.MiningModel
MyNewModelManager kddml.Core.DataMining.MiningModelManagel

-

y

Table 2.2: Minimal set of classes/interfaces to define when adding a new model

Further classes and interfaces must be implemented in the factory and manager sub-layers.
Concrete classes will extend the external and proprietary factory in order to import the model from
various resources. Further classes and interfaces will manage single components of the model pro-
viding to the upper layer a programmatic functionality of the content model. Their implementation
depends on the structure of the mining model involved and on the functionality provided. However,
the general organization of the core layer would not have to be changed.
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Operators and algorithms layer

This section describes the operators and algorithms layer using UML class diagrams. For
details on the interfaces and classes depicted below, refer to the accompanying Java documentation
produced using Javadoc. In order to make this chapter readable, all UML figures are placed in
appendixB.

3.1 Package kddml.Operators

The packagd&ddml.Operators encapsulates the definition of KDDML language operators
and algorithms, both about their settings proprieties and physical concrete realization.

Operator settings and operator resolver (see figureB.1)

Operators settings and operators resolver sub-layers are composed by a set of classes structured in
two hierarchies.

The OperatorSettings is the root abstract class that incorporates XML attributes spec-
ification related to a language operator. Attributes-list declarations specify the name, the usage,
the data type, and default value (if any) of each attribute. The type of an attribute can be one of
the specified by the classidml.Core.KDDMLScalarType . The usage can hequired(the
attribute must have a value every time this algorithm is listéggd (it is not required, but if it
occurs, it must have the specified default value)mplied(it is not required, and no default value
is provided). A sub-class that exten@peratorSettings requires the implementation of the
following abstract methods:

e public abstract String[] listAttributes()
returns the list of attributes belonging to the operator specification.

44
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e public abstract Boolean isRequired(String attributame)
returnsBoolean. TRUE if a given attribute is required in the operator specification; returns
Boolean.FALSE if the attribute is fixed or implied; returnsull  if attribute ~ _name
do not belong to the list of attributes returned by the metistAttributes()

e public abstract Boolean isFixed(String attributame)
returnsBoolean. TRUE if a given attribute is fixed (i.e. with a constant value) in the oper-
ator specification; returnsull  if attribute  _name do not belong to the list of attributes
returned by the methddstAttributes() returnsBoolean.FALSE otherwise.

e public abstract String getDefaultAttributeValue (String attributgme)
returns the default value related to a given input attribute. Retoufis if the attribute
do not admit a default value or #ttribute _name do not belong to the list of attributes
returned by the methdastAttributes() An attribute can be given any legal value as a default.
The attribute value is not required on each element in the document, but if it is not present,
it will appear to be the specified default. If the attribute is implied and it is not included in
the element, the operator assumes that this is the attribute value.

e public abstract KDDMLScalarType getAttribute Type(String attribogene);
returns the type related to a given input attribute. KDDML supports the attribute types as
expressed by the clagsldml.Core.Scalar.KDDMLScalarType . Returnsnull  if
the attribute name do no belong to the list of attributes returned by the mest#gdtributes()

¢ public void checkCorrelationBetweenAttributes(Hashtai8&ing, KDDMLScalarManager
attributes) throws SettingsException
checks the correctness of the correlation between operator attributes. This method is empty
for a specific operator if and only if all attributes are independent. As instances#re
attribute andpassword attribute in theDATABASH.OADERoperator are independent.
On the contrary, the attributdd _attribute ~ _names and the attribute@ew_attribu-
te _names in the PP.RENAMEATTRIBUTES operator are not independent because they
must share the same number of elements. The method can incorporate further controls be-
tween input attributes: e.g., that some particular events are true when the attribute value is
used. By default, this method is empty and it can be override under subclasses (i.e. operators)
when necessary.

The main purpose of th®peratorSettings class is to make a correctness control about
the input attributes 0DPERATORIAMEInN order to do this, the class contains some methods that
can be invoked by the interpreter of the system:

e public void checkAttributes(Hashtakt&tring, KDDMLScalarManager attributes) throws
SettingsExceptign
performs a correctness control about the input attributes of the operator. Attributes are given
as hash-table where the key is the XML attribute nhame and the value of the hash-table is
the XML attribute value as instance of the interfaadml.Core.Scalar. KDDML-
ScalarManager . More precisely, for each attribute returnedisyAttributes() the method
checks if the hash-table contains or do not contain the attribute. In the first one case, a
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type checking is performed on attribute value comparing the type returned by the method
getAttribute Type(attname)with the type of theKkDDMLScalar representing the value of

the attribute. The method throws an exception if a type error occurs for a given attribute.
In the second one case, if the attribute is required (i.e. the meatiRefuired()returns
Boolean.TRUE ), then the method throws an exception.

public Hashtable:String, KDDMLScalarManager refreshAttributes(HashtabeString,-
KDDMLScalarManager attributes)

sets the types and the default values of all attributes returned bigtigributes()method.

The type is obtained by means the metlgsdAttribute Type(atthame)that takes the at-
tribute name as input. If the attribute value is fixed (i.e. the meikbtked(attrname)
returnsBoolean. TRUE ), then its value is replaced with the default value in the input hash-
table that is obtained by using the metlgedDefaultValue(attname) Finally, if an optional
attribute do not belong to the hash-table and a default value is provided for that attribute, then
its value is added to the input hash-table. The method returns the input hash-table updated
as output.

TheOperatorResolver is the root abstract class that contains the physical implementation
of the operator. A class that extends MDperatorResolver class requires the implementation
of the following abstract methods:

public abstract KDDMLObjectType getArgumentType(int i)

returns the expected type of thHé argument of the operator. Returns an instance of the
kddml.Core. KDDMLObjectType class omull if the operator do not admit argument
as " child;

public abstract boolean runTimeCheckNeedgd()

returnstrue if the type of the result of thexecute(settings, argumenisgthod is not fixed

at compile time, but need to be checked at run-time against the one required by the operator
calling. This is required for operators with no fixed output types, sucBXECALL or
SEQQUERYBY default, this method returralse ;

public abstract boolean abortlflsEmpty()

returnstrue if the execution of the query must be interrupted by the interpreter when an
empty result is returned as output (e.g. a table with an empty set of instances). By default,
this method returnfalse

public boolean save XMLOutput()

returnstrue if the result of theexecute(settings, argumentagthod must be stored in the
system repository. If the method retuiatse |, then the interpreter will not store the result

in the system repository. This is required, as instance, by the repository loading operators,
such aRDALOADERr TABLE LOADERBY default, the operator returtisie .

public abstract int estimatedRAMUsage()
returns the estimated RAM usage for the operator. Must be a value beivaeen 024/ B.
By default, the method returr256;
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e public abstract boolean highDiskAccesslsNeeded()
returnstrue if the operator performs an high number of 1/0 operation to the hard-disk. By
default, the method returralse ;

e public abstract KDDMLODbject execute(Hashtahetring, KDDMLScalarManager set-
tings, Vectokx KDDMLODbject> arguments) throws ResolverException, CoreException
returns the result of evaluating the operator over the passed arguments and attributes. At-
tributes are given as hash-table, where the key is the name of the XML attribute related to
the operator and the value ikddml.Core.Scalar. KDDMLScalar object containing
the attribute value. Attribute value is checked by the interpreter layer and it is correct when
the method is invoked. Arguments are given as vectddoiml.Core. KDDMLOjbect
The different implementations of the execute method can be distinguished according to the
type of operator.

Another purpose of th®peratorResolver class is to perform a correctness control about
the types of the input object of the operator, as reported by the method below:

e public void checkArgumentTypes(Vest®DDMLObject- arguments) throws ResolverEx-
ception
checks that input arguments have type as required hygtfergumentType(ipethod. Throws
an exception if an incompatible type is found for an input argument.

Algorithms settings task and algorithms resolver task (see figureB.2)

Algorithms settings task and algorithms resolver task are composed by a set of interfaces struc-
tured in two hierarchies.

The AlgorithmSettingsTask is the root interface that incorporates XML parameters
specification related to an algorithm (both preprocessing and mining). As for the XML attributes
related to an operator, parameters-list declarations specify the name, the usage of the parameter,
the data type, and default value (if any) of each parameter. Similar t&EH&MLOperator-

Settings  class, methods contained in this interfaces are used to perform a correctness control
about algorithm parameters (see &lgorithmSettingsTask interface API for details).

The AlgorithmResolverTask is the root interface that incorporates the physical imple-
mentation of an algorithm. We distinguished different implementation patterns for each algorithm,
according to the type of knowledge extracted.

Typically, a mining algorithm is an external libraries (suchva®DT, DCI or Weka algorithms)
which requires its own input format and provides its own output format. As a consequence, the
implementation of the algorithm normally scans passed data, transforms it into the required input,
call the actual algorithm, and finally interprets the output to return an appropriate KDDMLObject
(see theDMAIgorithmResolverTask interface API for details).

Differently from data mining algorithms, preprocessing algorithm are mainly implemented in
the KDDML system (i.e., not calling external programs) and they work directly on proprietary
preprocessing tables (see PBAlgorithmResolverTask interface API for details).
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Operators and algorithms factory (see figure B.3)

Factory classes at operators layer allow to create a new resolver/settings instance of a given KD-
DML operator/algorithm.

The claskddml.Operators.KDDMLOperator manages the creation of operators. KD-
DML uses the Java reflection in order to load a new operator instance: checking is by name, com-
paring the XML tag related to the operator with the classes hame implementing it. More in detail,
an operator is supported if there are two classes in the sub-packages ligtadthieOperators
package. The first one extends the abstract diasknl.Operators.KDDMLOperator-

Settings  and contains the attributes specification of the operator; its name ends with the tag
_SETTINGS The second one must extend the abstract &ddml.Operators.KDDMLOpe-
ratorResolver and contains the core implementation of the operator; its name ends with the
tag RESOLVER

The classkddml.Operators.AlgorithmFactory produces language algorithms in-
stances. Also for operators, KDDML uses the Java reflection in order to load a new algorithm
instance.

Operator exceptions (see figureB.4)

The classeSettingsException andResolverException manage exception that can be
throw in the settings sub-layer and in the resolver sub-layer respectively.

3.2 Package kddml.Operators.IO

This package includes operators that populate the KDDML data/models repository from exter-
nal resources or that export a table/model in the repository to external format. The package is
structured in three sub-packages:

1. kddml.Operators.lO.RepositoryResourceReader . it contains the operators
that load a table/model from the system repository. A repository resource reader operator
has a fixed signature, with no children and only one attribute, nam#dsource . This
attribute identifies the object in the repository.

2. kddml.Operators.lO.ExternalResourceReader . it includes operator that ac-
cess to an external table/model resource (e.g. an ARFF file or a PMML model) and trans-
form it into the internal proprietary representation. An operator belonging to this package
do not admit input arguments, but it uses attributes in order to locate the resource.

3. kddml.Operators.l0.ExternalResourceWriter . it contains operators that get
a data/model as input and save it into an external representation (e.g. a table into an ARFF
file or a model into a PMML model).
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Settings (see figureB.5)

RepositoryResourceReaderSettings , ExternalResourceReaderSettings and
ExternalResourceWriterSettings are the main settings super-classes of the 1/0 pack-
age. All this classes extend the abstract claiml.Operators.|O.10Settings

Resolver (see figureB.6)

RepositoryResourceReaderResolver , ExternalResourceReaderResolver and
ExternalResourceWriterResolver are the main resolver super-classes of the 1/0 pack-
age. All this classes extend the abstract clakinl.Operators.|O.IOResolver

The execute(settings, argumentsethod is overrides both in the claBepositoryRe-
sourceReaderResolver and in the clasgxternalResourceReaderResolver , ac-
cording to the fixed operator signature.

3.3 Package kddml.Operators.Preprocessing

The package&ddml.Operators.Preprocessing contains operators as used in the pre-
processing step of the KDD process. Classes are structure in two main groups in order to dis-
tinguished operators that load a preprocessing algorithm (such as a sampling or a discretization
algorithm) from all other preprocessing operators.

The first one group includeBP_SAMPLING PP_.NUMERICDISCRETIZATION, PP.NOR-
MALIZATION and PP.REWRITINGoperators. This operators admit a fixed signature, taking a
preprocessing table as first argument, the algorithm specification as second argument and returning
a preprocessing table as output.

The second one group includes all other preprocessing operators. Theyfaiae object
as first argument and returrPdtable object, as shown by the following signature:

fepp_.> : PPtable X ... — PPtable.

Settings (see figureB.7)

The main settings super-classes incle@AlgorithmLoadingSettings andPPSettings

The first one extends thdgorithmLoadingSettings class, containing the code to load
an external algorithm (both preprocessing and mining). Operator attributes includaltheest
and thealgorithm _name containing the name of the algorithm to load. The last one is added
to the list of attributes by the interpreter, during the parsing of the query. The mathedkAt-
tributes(attributes)andrefreshAttributes(attributesyre overloaded, in order to load the external

algorithm (by using thé\lgorithmFactory class) and to check the algorithm parameters (by
using theAlgorithmSettingsTask interface methods).
ThePPSettings class extends th®peratorSettings class and contains settings about

all other preprocessing operators.
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Resolver (see figureB.8)

The main resolver super-classes incliRleAlgorithmLoadingResolver and PPReso-
Iver

The first one extends thidgorithmLoadingResolver class, containing the code to load
an external algorithm (both preprocessing and mining). The metkeclte(arguments, attributes)
is specialized in th®P_.SAMPLINGRESOLVERPP_.NUMERICDISCRETIZATION _RESOL-
VER PP.NORMALIZATIONRESOLVERPP_-REWRITINGRESOLVER:lasses. This method

uses thalgorithmFactory in order to create a new instance of the algorithrBaspling-
AlgorithmResolverTask , DiscretizationAlgorithmResolverTask , Normali-
zationAlgorithmResolverTask , RewritingAlgorithmResolverTask , respective-

ly. Then, it uses the methods containing in this interfaces to resolve the algorithm and generate the
output preprocessing table.

The PPResolver class extends th®peratorResolver class and contains the resolver
implementation about all other preprocessing operators. It distinguishes three implementation
patterns for theexecute(arguments, attributesjethod, according to the type of transformation
performed on input preprocessing table. RieResolver class admits three sub-classes:

1. the SchemalevelTransformation class includes preprocessing operators perform-
ing an input data scan that modify only the data schemata on the input preprocessing ta-
ble, without change the physical content of each row (2§_-FILTER _ATTRIBUTES
PP_.RENAMEATTRIBUTES);

2. the InstanceLevelDependentTransformation class includes preprocessing op-
erators performing an input data scan that is dependent on the values assumed by all input
instances (e.gPP_SAMPLING PP_.SORTINGATTRIBUTES. This class of operators is
main-memory and they cannot work on a single instance at once, but require the entire
dataset loaded in RAM. Data schemata do not change;

3. finally, the InstancelLevellndependentTransformation class includes prepro-
cessing operators performing an input data scan that is independent on the values assumed by
all other instances (e.?P.NORMALIZATIONPP_.REMOVEROWSE This class of operators
is not main-memory and they can work on a single instance at once. The operator only reads
a block of instances, computes the new tuples and forgets the block again; that is, at each
point in time only a small sub-set of the database is in main memory. Data schemata do not
change.

3.4 Package kddml.Operators.DataMining

The packag&ddml.Operators.DataMining contains operators to extract a mining model

by using an external algorithm, suchRBAMINER TREEMINER CLUSTERMINERandSE-
QUENCEMINERoperators. This operators admit a fixed signature taking a relational table as first
argument, the algorithm specification as second argument and returning a mining model as output:

J<uopEL MInER> © table X alg — model.
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Settings (see figureB.9)

The main settings super-classD#1AlgorithmLoadingSettings that extends thélgo-
rithmLoadingSettings class, containing the code to load an external algorithm (both pre-
processing and mining). Operator attributes includexthé_dest and thealgorithm _name,
containing respectively the name of output destination and the name of the algorithm to load.
The last one is added to the list of attributes by the interpreter, during the parsing of the query.
In the AlgorithmLoadingSettings class, the methodsheckAttributes(attributesgndre-
freshAttributes(attributesare overloaded, in order to load the external algorithm (by using the
AlgorithmFactory class) and then to check the algorithm parameters (by usinglgee
rithmSettingsTask interface methods).

Resolver (see figureB.10)

The main resolver superclassidAlgorithmLoadingResolver that extends thdlgo-
rithmLoadingResolver class, containing the code to load an external algorithm (both pre-
processing and mining). The methesecute(arguments, attributeis)specialized in thé&kDA-
_MINERRESOLVERTREEMINERRESOLVERCLUSTERMINERRESOLVERand SEQUE-
NCEMINERRESOLVERasses. This method uses thlgorithmFactory in order to cre-

ate a new instance of the algorithmAssociationAlgorithmResolverTask , Classi-
ficationAlgorithmResolverTask , ClusteringAlgorithmResolverTask , Se-
guenceAlgorithmResolverTask , respectively. Then, it uses the methods containing in

this interfaces to resolve the algorithm.

3.5 Package kddml.Operators.Postprocessing
This package includes operators as used in the post-processing step of the KDD process.

Settings (see figureB.11)

The clas$?ostProcessingSettings manages the parameters settings of the post-processing
operators.

Resolver (see figureB.12)

The classPostProcessingResolver is the resolver superclass that all post-processing op-
erators must extend. Since a post-processing operator is generic, neitbredthée(settings, ar-
gumentsmethod, nor other method of the superclass is specialized inside this class.

3.6 Package kddml.Operators.Unclassified

This package includes operators that do not cover a particular phase of the KDD process.
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Settings (see figureB.13)

The clasdJnclassifiedSettings manages the parameters settings of the unclassified oper-
ators.

Resolver (see figureB.14)

The clasdUnclassifiedResolver is the resolver superclass that all unclassified operators
must extend. Since an operator of this type is generic, neithegxbeute(settings, arguments)
method, nor other method of the superclass is specialized inside this class.

3.7 Extending the operators layer

The extension related to the operator layer can be distinguished into:
e preprocessing and mining algorithm extensibility
e operator extensibility

e model extensibility

3.7.1 Adding a new algorithm

ALGORITHMNAMEe.g. APRIORI) is implemented as two Java classes for settings sub-layer
and resolver sub-layer, named respectiv@lyGORITHMNAMESETTINGS and ALGORITHM-
NAMERESOLVERe.g. APRIORI_SETTINGS APRIORI_RESOLVER As reported in table
3.1, the two classes must be placed in the right package location, according to the type of knowl-
edge extracted, and must implement the relative interfaces.

As final step, a new entry to the relative algorithm list must be added ikdbenl.Ope-
rators.AlgorithmFactory class. Lists are implemented as final, static arrays of strings,
containing the unique names of the algoritims

3.7.2 Adding a new operator

OPERATORIAMES implemented as two Java classes for settings sub-layer and resolver sub-
layer, named respectiveQPERATORIAMESETTINGSandOPERATORIAMERESOLVERAS
reported in table3.2, the two classes must be placed in the right package location, according to
the KDD step supported, and must extend the relative abstract class. All abstract methods of
super-classes require to be implemented; other methods can be overloaded only if necessary.

INames are not case sensitive.
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Type of Package location Interfaces to implement
algorithm
Discretization kddml.Operators.PreprocessingDiscretizationAlgorithmSettingsTask
DiscretizationAlgorithms DiscretizationAlgorithmResolverTask
Normalization kddml.Operators.PreprocessingNormalizationAlgorithmSettingsTask
NormalizationAlgorithms NormalizationAlgorithmResolverTask
Sampling kddml.Operators.Preprocessing. SamplingAlgorithmSettingsTask
SamplingAlgorithms SamplingAlgorithmResolverTask
Rewriting kddml.Operators.Preprocessing. RewritingAlgorithmSettingsTask
RewritingAlgorithms RewritingAlgorithmResolverTask
RdA extraction kddml.Operators.DataMining, AssociationAlgorithmSettingsTask
AssociationAlgorithms AssociationAlgorithmResolverTask
Classification kddml.Operators.DataMining, ClassificationAlgorithmSettingsTask
ClassificationAlgorithms ClassificationAlgorithmResolverTask
Clustering kddml.Operators.DataMining, ClusteringAlgorithmSettingsTask
ClusteringAlgorithms ClusteringAlgorithmResolverTask
Sequence extraction kddml.Operators.DataMining,  SequenceAlgorithmSettingsTask
SequenceAlgorithms SequenceAlgorithmResolverTask

Table 3.1: Correspondence between algorithms and interfaces

3.7.3 Adding a new class of algorithms

KDDML can be extended with further knowledge, as instance with a regression model or a neural

network. This operation usually requires to add a new set of algorithm to the system, in order to
extract the new mining model.

Step 1: create a new algorithms sub-package

A new package, named as instaiddgNewKnowledgeAlgorithms , must be located in the
kddml.Operators.DataMining sub-package. This package will contain all algorithms that
can be used in order extract the new knowledge.

Step 2: define the setting and resolver task interfaces

Two interfaces must be defined in order to manage all algorithms belonging to the new knowledge
class. The first one, named as instaMyNewModelAlgorithmSettingsTask , must ex-

tend the interfac®MAlgorithmSettingTask . The second one, named as instaklydNew-
ModelAlgorithmResolverTask , must extend the interfad@MAlgorithmSettings-

Task . Both interfaces must be placed in the package created at step 1.

2However, this considerations can be extended also to the algorithms used in the preprocessing step.
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| Type of operator | Package location | Classes to extend |

I/0
repository kddml.Operators.IO. RepositoryResourceReaderSettings
reader RepositoryResourceReader RepositoryResourceReaderResolver
external kddml.Operators.IO. ExternalResourceReaderSettings
reader ExternalResourceReader ExternalResourceReaderResolver
external kddml.Operators.IO. ExternalResourceWriterSettings
writer ExternalResourceWriter ExternalResourceWriterResolver
Preprocessing
schema level kddml.Operators. PPSettings
transformation Preprocessing SchemalevelTransformation
instance level kddml.Operators. PPSettings
dependent Preprocessing InstanceLevelDependentTransformation
transformation
instance level kddml.Operators. PPSettings
independent Preprocessing InstancelLevellndependentTransformation
transformation
PP algorithm kddml.Operators. PPAlgorithmLoadingSettings
loading Preprocessing PPAlgorithmLoadingResolver
Data Mining
DM algorithm kddml.Operators. DMAlIlgorithmLoadingSettings
loading DataMining DMAlIgorithmLoadingResolver
Postprocessing
generic kddml.Operators. PostProcessingSettings
postprocessing Postprocessing PostProcessingResolver
Others
unclassified kddml.Operators. UnclassifiedSettings
Unclassified UnclassifiedResolver

Table 3.2: Correspondence between operators and abstract classes

Step 3: add algorithms to the system

Thekddml.Operators.AlgorithmFactory produces KDDML algorithms. A new class
of algorithms can be easily added to the system adding to this class the following Java code:

public final static AlgorithmFactory MY_NEW_MODEL_ALGORITHMS = new AlgorithmFactory(
"MyNewClassAlg", {"my_new_alg_1", "my_new_alg_2"}, "MY_NEW_MODEL_MINER",
"kddml.Operators.DataMining.MyNewKnowledgeAlgorithms");

The protected constructor of the cladgorithmFactory
ments:

that as input the following argu-
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1. a name identifying the class of algorithms;

2. the list of supported algorithms;

3. the XML tag name of the operator supporting the class of algorithms;
4. the package name that allows to locate the algorithms.

In order to implemenmy_new_alg -1 andmy.new_alg _2, their settings and resolver classes
must be placed in the package created at step one and must extend the interfaces defined at step

two.

Step 4: add a new mining operator

Finally, a new KDDML operator (e.gMYNEWMODELMINER) that loads the new set of algo-
rithms can be defined as specified in the previous section.
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Interpreter layer

This section describes the interpreter level using UML class diagrams. For details on the inter-
faces and classes depicted below, refer to the accompanying Java documentation produced using
Javadoc. All UML figures are placed in appendix

4.1 Package kddml.Interpreter

The packagé&ddml.Interpreter contains class and interfaces for the execution of a KDD
query. The main class ®QueryExecutor that accepts a validated KDDML query (either in
XML format or as a DOM tree), evaluates it, save the final result in the repository and returns it as
KDDMLODbiject. It implements three interfaces in order to provide his services to the upper layers:

1. InterpreterlO . it allows to set I/O proprieties to be applied before the query execution;

2. InterpreterChecker . it provides methods in order to validate a KDD query, before its
execution;

3. InterpreterRunner . it contains the methods to manage the main execution of the in-

terpreter cycle.

Exceptions (see figureC.1)

The main clas&KDDMLlInterpreterException extends thgava.lang.Exception to
indicate conditions that a reasonable application might want to catch. It has sub-classes to provide
more sophisticated exception handling. More in detail:

e ExecutionException . exception throws if a generic error occurs during the query exe-
cution;

56
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e TypeCheckingException . exception throws when a type error occurs during the query
execution: as instance, if an object of typés returned by an operator, but a different type
was expected. Type checking is mainly static, i.e. applied before the execution of the query
during the parsing of the XML document, but some operators, sudbXxasCALL, may
require a dynamic type checking performed at run-time.

¢ InvalidKkDDMLQueryException . exception throws when the input query is not valid.
This exception is static, i.e. it is throws before during the checking of the query, as instance
when an operator (resp. algorithm) has an illegal attribute (resp. parameter).

e DBMSConnectionException  exception throws if a connection to an external DBMS
fails.

o EmptyResultsException . exception throws when an empty output object is returned
by an operator, but it is not required by the interpreter.

e UnsupportedAlgorithmException : exceptions throws when a required algorithmis
not supported by the system.

Interpreter 1/O (see figure C.2)

ThelnterpreterlO interface contains the following abstract methods:

e public void enableVerboseMode(boolean enable);
it enables (or disables) the output messages in the standard output during the execution of
the query.

e public void enableLogFile(boolean enable);
when the input argument tsue, the method prints the output messages in a log file stored
in the root directory during the execution of the query.

Interpreter checking (see figure C.3)

ThelnterpreterChecker interface contains the following abstract methods:

e public void validateQuery() throws InvalidKDDMLQueryException, UnsupportedAlgorith-
mException, DBMSConnectionException;
tests if the query is valid before his execution. More precisely, it recursively tests that:

1. the attributes are valid (i.e. they respect the DTD specification), for each operator
belonging to the query;

2. the parameters are valid (i.e. they respect the DTD specification), for each algorithm
belonging to the query;

3. all required algorithms inside the input query are supported by the system;

4. the conditions signature are valid, for each condition specification belonging to the
query.



CHAPTER 4. INTERPRETER LAYER 58

If the query contains ®ATABASH.OADERor a DATABASEWRITERoOperator, then the
operator checks for user and password fields used during the JDBC connection. If user and
password are not specified in the query syntax, then a pop-up frame will be open at run-time.

Interpreter execution (see figure C.4)

TheInterpreterRunner interface contains the following abstract methods:

e public KDDMLODbiject getResult();
returns the object obtained after the execution of the query. Can mailrnif the query do
not provide a result (e.g. if an exception occurs) or before invoking the megisoti/e()

e public String getMessageResult();
returns the message describing the result of the execution: ré®mos. < exception
description>" if an exception occurs during the query execution; retdsogcess” if no
errors occur; returnsull  if the method is invoked before the meth@solve()

e public void resolve() throws ExecutionException, TypeCheckingException, EmptyResultsEx-
ception, InvalidKkDDMLQueryException, UnsupportedAlgorithmException;
starts the interpreter on the KDD query, storing the final object result inside a class variable.
The method throws an exception if an error occurs.

The core algorithm of the interpreter is reported in Figl. The interpreter recursively tra-
verse the DOM tree representation of the query, yieldikgp®MLObject as a result. Also, the
expected type of the result is passed together the query.

At each tag, the strict functional interpretation is applied. OperatorResolver object
and aOperatorSettings object are constructed from the XML tag using a factory of objects
from the operators layetlife 8-11). At line 13the set of attributes for the current operator is
stored inside an hash-table structura the next two lines, the list of XML elements representing
the children of the current tag operator are extracted. Then, each sub-element is evihated (
17-21), returning a vector oKDDMLObject. The operator provides the expected type for the
sub-element. Finally, arguments types are checkéidea®4 and the current operator is executed
on the vector and hash-table abolied 25. Exceptions are raised on critical situatiohigags
29-31).

The general interpreter of KDDML is however a little bit more complex. Tags with meta-
meaning, such aslF> and<CALL_QUERY>must be taken into account. Figurke2 shows the
overall interpreter, which distinguishes three cases:

e The<IF> tag (ine 13-23 has a non-strict semantics. The metlgatConditionInputStm()
returns the<COND>sub-element that is evaluated first, returning@RDMLObject. The
XQuery expression is then evaluatdimhg 18), returning a truth value. Based on that, the
<THEN>or the<ELSE> branch are evaluated and their result returned as the overall result.
A run-time checking in performed on output result.

1The interpreter assumes that the query is valid before executing it; i.e. the set of attributes and algorithm parame-
ters has been checked by using the appropriate method.
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30.

protected KDDMLObject resolveCore(Element query, ResultType type)

throws ExecutionException, TypeCheckingException,
EmptyResultsException, InvalidKDDMLQueryException,
UnsupportedAlgorithmException

try {

String tag_name = query.getTagName();

OperatorResolver opr =
OperatorFactory.newResolverinstance(tag_name);

OperatorSettings ops =
OperatorFactory.newSettingsinstance(tag_name);

Hashtable attributes = prepareAttributes(query);
Vector params = new Vector();
Vector children = XMLDocument.getChildren(query);

for (int i=0; i<children.size(); i++) {
Element elem = (Element) children.get(i);
KDDMLObject obj = resolve(elem, opr.getArgumentType(i));
params.add(obj);

}

attributes = ops.refreshAttributes(attributes);
opr.checkArgumentTypes(params);
return opr.execute(attributes, params);

catch(OperatorException el) {

throw new ExecutionException(...);

catch(KDDMLCoreException e2) {

throw new ExecutionException(...);

Figure 4.1: The core KDDML interpreter
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e The <CALL QUERY=>ag (ine 27-3) has a meta-interpretation. We recall that attributes
specify actual and formal parameters for the called queries. The miesthdQuery()loads
the called query from the system repository. Them, it performs a parameters substitution
(i.e. each formal parameter is replaced with the actual parameter) returning the query that
must be evaluated by the interpreter. Also in this case, a run-time checking is performed on
output result.

e The third case is the KDDML core interpreter of Fg1 (lines 34-53. When the method
resolveCore(querylerminates, the integrity of the final result is checked, as shovinet
35. If the operator claims for dynamic type checking, the returned result is checked against
the expected typdifes 42-44. Further control concerns empty output, as showlinats
46-48 Finally, if the result needed to be stored in the data/model repository, the method
saveToRepository($ invoked (ines 50-52.

Finally, observe that as shown by the overall query execution code, the KDDML interpreter
layer is not affected by any system extension, both concemdgmyithms extensibilityoperators
extensibilityandmodel extensibility
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protected KDDMLObject resolve(Element query, KDDMLObjectType type)
throws ExecutionException, TypeCheckingException,

{

EmptyResultsException, InvalidKkDDMLQueryException,
UnsupportedAlgorithmException

KDDMLObject result = null;
Element children = query.getChildren();
String tag_name = query.getTagName();

switch( tag_name ) {
case "IF"

}

IfResolver ifr = new IfResolver(query);

/I evaluates the condition

KDDMLODbject cond_obj = resolve(ifr.getConditioninputStm(),
KDDMLODbijectType.ANY);

if(ifr.evaluateXQueryExpression(cond_obj.getPhysicalObject())
result = resolve( ifr.getThenStm(), type );
else
result = resolve( ifr.getElseStm(), type );
runTimeChecking(result, type);
break;

case "CALL_QUERY":

default:

CallQueryResolver resolver = new CallQueryResolver(query);
Element calledQuery = resolver.loadQuery();

result = resolve( calledQuery, type );

runTimeChecking( result, type );

break;

result = resolveCore(query);
if (result == null) {
throw new EmptyResultsException(tag_name);

}

String xml_dest = query.getAttribute("xml_dest");
OperatorResolver opr =
OperatorFactory.newResolverinstance(tag_name);
if ( (opr.runTimeCheckNeeded())) {
runTimeChecking(result, type);
}

if ( (result.isEmpty()) && (opr.abortlflsEmpty())) {
throw new EmptyResultsException(tag_name);

}

if ( (xml_dest != null) && (opr.saveXMLOutput())) {
result.saveToRepository();

}

break;

return result;

}

Figure 4.2: The KDDML interpreter
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Figure A.1: Package kddml.Core - Manager
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Figure A.2: Package kddml.Core - KDD query

Pl _ASS0OCIATION _MODEL Pl _HERARCHY Phibdl _SEGQUEMCE_MODEL PhbdL _CLASSIFICATION _MODEL

i |

l || | | ||

KDDMLObjectType

-description ; String
-repostory_path © String
-ertity_rame : String
-opetator_core_natne ; String
-cited_narne : String
-xsl_name : String

+list(] : KDDML ObiectTypel

+oString() : String
==getter==+getDescription) : String
==getter==+getRepositoryPath() : String
==getter==+getErtityNamer) : String
==getter==+getCperstorCoreMame) : String
==getter==+getDTOMame) : String
=zgetter==+getSLMName) : String

==constructor==-KDDMLOhisct Typel name @ String, description : String, repostory_path : String, entity_name : String, operator_core_name : String, dic_resolver_name : String, xs]_resolver_name : String

EXPRESSION ALGORITHM XL

COMDITION KDDL _SCALAR AN KDD_QUERY INTERMAL_TABLE INTERMAL _PPTAELE

Figure A.3: Package kddml.Core - Types
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Figure A.4: Package kddml.Core - Exceptions



APPENDIX A. UML CORE LAYER DIAGRAMS 65

FOONE QbfectFactory
(kddirl. Core)

#physical_file : File

==constructor==+KDDMLOhjsctFactory( f : Fils )
+hewinstancel) : KODML Opject

ConditionFactory
(kldml Core . GueryElement .Condition)

KODIVE QbjectResonrceFactory
(kddml.Core)

ExpressionFactony
(kddml.Core.GueryElement Expression)

KODIVE QbjectRepositoryFactory
(kddml.Core)

RAoverwrite : boolean - - -
==constructor==+KDOMLObjectRepostoryFactoryd f: File )

==constructor==+KDDMLObjectResourceFactoryl f: File ) +renatneCbiect] nevy_narme : String ) : boolean
==getter==+setOverwritel overwrite | boolzan 1 : void +removeChiject() | boolean
+existObject(] . boolean zzgetter==+getObjectMames( repository di @ File 3 : Strir
==getter==+getObjectFiles( repository dir : File 3 ; Filg
T +temoved| repositary dir : File ) : vaid

RternaiTableResourceFactory ‘InternalTahleRepositoryFactory ModelRepositoryFactory

(kddml.Core DataSources) (kdddml Core DataSources) (kddml.Core Datahdining)

ModelResourceFactory
Ckeldml Core Datahining
o

MbdelExternaiFactory NMbdelProprietaryFactory | |MternalTablePropristatyFactory hternaiTableExtarnalFactory
(keldml.Core Datatdining) (kdldml.Core Datahdining] (kddml.Core DataSources) (kddml.Core DataSources)

Figure A.5: Package kddml.Core - Factory
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Figure A.6:

Package kddml.Core.DataSources - Manager
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Figure A.7: Package kddml.Core.DataSources - Preprocessing
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Figure A.8: Package kddml.Core.DataSources - Statistics
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Figure A.10: Package kddml.Core.DataMining - Model manager
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Figure A.11: Package kddml.Core.DataMining - Data dictionary
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Figure A.12: Package kddml.Core.DataMining - Mining schema
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Figure A.13: Package kddml.Core.DataMining - Matrixes
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Figure A.14: Package kddml.Core.DataMining - Model factory
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Figure A.15: Package kddml.Core.DataMining.AssociationRules - Manager
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Figure A.16: Package kddml.Core.DataMining.AssociationRules - Items
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Figure A.17: Package kddml.Core.DataMining.AssociationRules - Iltemsets
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Figure A.18: Package kddml.Core.DataMining.AssociationRules - Association Rules

Figure A.19: Package kddml.Core.DataMining.AssociationRules - Transactions
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Figure A.23: Package kddml.Core.DataMining.SequentialPatterns - Sequence



APPENDIX A. UML CORE LAYER DIAGRAMS 81

TimaeNanager
(kddml .Core.Datahining SequertizlPatterns)

==geiter==+getling) ; Doubie
a=getter==+oetMaxy) - Donbie
==getter==tgetiean) | Dowble

SequenceRuie Ninager O +equais( time | Object ) © boolean
(ki Core DataMining SequertialPatterns) +oStringl) : String
of 0 int '?

g
=sgeter==+getOccarrencel) : Integer |
=<gefters=+getSuppor) © Double
==gefter==+get Canfidencel]  Dawbie
==getter==+getd ni i)
=egefters=+getd ntecedent Times() © iterator
==getter==+getlelimiter) : DelimterManager
etter==+get Time() ; i
+ 0 +

Time
(kelcliml Core Databdining SequentialPatterns)

#min : Double
#ma: Double
#mean : Double

==gefter==+getConsequent Times() | fterator ==constructor==+Time( min : Double, max ; Doukle )
==getter=r+set Timel time © TimeManager ) void ==cohatructor==+Timel min ; Double, max : Double, mean : Double )
=asefters=+setd ntecedent Times{ tmes - TimeManagen] ) : void ==zgetter==+gething | Double
==sefter==+aetConsequent Times( times : TimeManaged] ) :vaid ==getter==+gethax) : Doubles
i § 1. boolean ==getter==+gethean) | Double
+eguals sequence_rale - Object ) © boolean +equals time © Object ) : boolean
+HoStengl) | Steing +oString() : String
? 0.* 0.1 0.
|
| artTimes time consTimes
|

SequenceRule
(ke Core Datahiining SequentialPatterns)

Rartecent | Sequence
#artTimes : ArrayList=E-=Times=
#clelimiter : Delimiter

#time : Time

Rronsequent : Sequence
RoonsTimes : ArrayList=E-=Time=
#support | Double

#confidence | Double
Rocourrence © Integer

==constructor==+SequenceRule( sntecedent : Sequence, defimiter | Defimiter, consecguent : Sequence, confidence : double, support © double, ooourrence ; it )
==zefter==+zetTimel time ; Timehlanager 1 : void
==zetter==+setAntecedertTimes( times : Timebanager]] ) : void
==szefter==+setConsequentTimes( times : TimehManager[] ) : void
==gjetter==+getAntecedent() . SequenceManacer
==getter==+getArtecedentTimes() : terator
==getter==+getConfidencel) : Double
==getter==+getConsequert() | Sequencetanager
=zgetter==+getConsequert Times() | kerator
==getter==+getDelimiter() : Delimtertanager
==netter==+yethiumberOfSequenceElements) © int
=zgetter==+getOccurrence) © Integer

==getter==+getSupport(] : Doubles

==getter==+getTime) | TimeManager

+containz sequence : Sequenceianager ) : boolean

+egjuals] sequence_rule @ Chiect 1 boolean

+oStringl) : String

artecedent consgouent deliritar
Sequence Delimiter
(kddml Core Databining SequertialPatterns) (kddml .Core . DataMining SequertialPatterns)

Figure A.24: Package kddml.Core.DataMining.SequentialPatterns - Sequence rule
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Figure A.26: Package kddml.Core.DataMining.SequentialPatterns - Data sequence
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Scorelistribution Venaqer O

==getter==+getCountl name : String ) © donbie
==getterss+getPerc Counll name : String ) doubie
==getters=+getHighestCategony) © String
==getter==+getHighestl/aine) : donbis
==getter==+getTotali) : donbis
==getters=+getumberOf ainesy) : int
getter==+getCategoriest) tati

T

|
1
ScoreDistribution

#ht : Hashtable=k-=String, W-=Double=
#tatal : double

==constructor==+Scorelistribution] categories : String[], number_of_instances : doublel] 1
==constructor==+ScoreDistributiont] categories @ String[] 1
==constructor==#ScoreDistributiont elements : Yectar )
==gefter==+yetCount( name : String 1 : double
==getter-=+getPercCounti name : String J: double
==getter-=+getHighestCategory() : String
==getter==+getHighestvalue() ; double

==getter-=+getTotal() ; double

==getter-=+getMumberOf alues) @ int

AupdateDistributiont value : String, record_count © double ) : boolean
==getter-=+getCategories() : Enumeration

+oStringl) : String

#oXML) : Elemert[]

Figure A.31: Package kddml.Core.DataMining.ClassificationTrees - ScoreDistribution
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Clustering Wbdel WManager O
(kddml.Core Databining. Clustering)

+adfClistert cluster ! ClusterManager ) void
==gefters=+getComparizohMeasarel) | ComparisonMeasire
==gefter==+getCiusterDescription?) © ClusterDescriptionManager Nining Mbdaf Manager
==getter-=+getCiuster identifier - int ) - ClusterManager (keidml. Core Diatahdining)
==gefers=+tget Clusters() © terator
<=getters=+getiumberOfCiusters?) - int
<=gelter-=+isCentroidBased)  boolean
<=gefter-=+iztistribationBasedl) - bodlean
<2gefter==+getMaziinrnberOfClasters)) ©int
==gefter==+getCiuster instance : Object ) | ClusterManager
+toinstancesy) | Object

i

|
ClusteringModel Mining Vo def
(kdddml. Core Datatining Clustering) (kdciml Core. Datahdining)

#CLUSTER IDEMTIFIER COUMTER : int

#isx MUMBER OF CLUSTERS : int = 1000{readCnly}
#iz_center_hased : boolean

#clusters : Wectar=E-=Cluster= clusters 0. Cluster

#function : Comparisontleasure (keldml. Core Databining Clusteringg
#cluster _description : ClusterDescription

==canstructor==RClusteringhodel] physical_psth : Fils )
==getter==+getTypel) : KDOMLOkjectType function Compatison Veasure
SRR il (keldml.Core Datatining Clustering)
+saveToRepostoryl) : vaid
+oString() : String
+zaveHTML : void
+addCluster cluster © ClusterManager ) void cluster_description ClusterDescription
==getter-=+yetComparizonteasure) | Comparisonhessure (keldml.Core Datahdining Clustering)
==getter=-=+yetClusterDescription) : ClusterDescriptiontanager
==getter==+getCluster| identifier : int ) : Clusterianager
==getter=-+getClusters() : keratar
==getter==+gethumberOfClusters() : int
==gefter==+isCentroidBased() : boolean
==getter==+isDistributionBased() : boolean
==getter--+yethaxiumberCfClusters) ; int
==getter==+yetCluster] instance : Olject ) ClusterhMansger
Holnstances()  Okject

==zetter==#zetittributes( clustering_moadel . Elemert ) : Element

Figure A.33: Package kddml.Core.DataMining.Clustering - Manager
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ClusterDescription Manager 0

<=gelters=+gelFieiisy] : Enumeration

<=gelters=+gelFieia name : String ) : ClusteringFieldManager
<=getter-m+gethumberOfFieidsy) : int

+addField( sk ClusteringFistdManager ) < void
<=gelter==+isCentroiiBased() | boolean

T

|
ClusterDeseril

#is_centroid_based : boolean
#fields : Vectar<E-=ClusteringField=

<=constructor==+ClusterDescription; stat : DataStatisticsMarager, func : AttrbuteComparisonMeasure(], is_centroid_based : boolean )
==constructor==+ClusterDescrigtion{ is_certraid_based : baolean )

=<=getier==+getFields() : Enumeration

==gefter-=+yetField] name : String ) : ClusterinoFisliManager

==getter==+gethlumberOFields0) © int

addField( field : ClusteringFieldvanager ) - void

==getier=>+isCentroidBased() : hoalean

#olnstances() : Okject

#oXML() : Elsment

HoString() - String

fil
0.4
ClusteringFieid
#function : AttributeComparisonbeasure
ClusteringField Manager o #ielcd_name : String tunclion 0.1 [ O e R P
Eiir (keldml Core Dateabiining Clustering)
<<gellermrrgetFieiName() . Siring e D
==selierstsetFisdielghtt weight © doulle ) - vaid P
==geiermigetFisidielghtt)  Double <=constructor==+ClusteringFisldl name : String, func : AtributeComparisonMeasure )
==setler=>+setSimilarityScalet sim . doubie ) ; void =<zgetier==+getFieldiamel) : String
==getlers=+gelSimilariyScalet) | Double <<setter==+selFieldAeight? weight : double ) : vaid
e e tion() : AttributeC <=getter-=+oetFisldesight?) : Doubls
==getier-a+isContinuous() : boolean <=setter-=+setSimiartyScals sim : doukle ] vaid
=zgetier==+getSimiarityScale() : Double
HoString() : String
<=getter-~+getFieldComparisonFunction) : AttributeComparisoneasure
Conti. ingFi ) Discrete CiusteringFieid Manager O
+narmalizel value : dawbie ) dawbie a=getter-=+getCategaries?) | Stringf] fa= = COPED il EGTIE Dobmn e
wddennrmalizel vaise - double ) : doubis ccgetter-m+gethumberOfCategoriest) : int |
=xgefter==+getumberOfPaints() . int ==getter==+getDistibationf category - String ) . doubisi] |
i1 [
| I
| |
ContinuousClusteringField DiscreteClusteringField
#normalization_matrix - TreeSet=E-~Paint= #categories - String(] [0.1]
<=constructor==+Continuous ClusteringFlsld name : String, funs - AtriuteComparisonMeasure, stat - HumericalStatisticManaget 1 <constructar==+DiscreteCiustaringFisld; name « String, func * AttributeCampatisonieasure, catsgaries * String(] )
=< constructor==+ContinuousClusteringFisldl name : String, func : AttriouteComparisonMeasure ) <=getter==+gstCategories() - String[]
#addPoirt( origin : double, norm ; double ) ; void ==getier=>+gethumber OfCategories() ; int
+normalizet value ; double ) : double ==getier=>+isContinuoust) : hoolean
+enormalizel value | double ) double <=getter-=+yetDistributiont category @ String ) : double]]
=< getter==+gethumber OfPoirts() - int #aXML() - Elemert]
==getter==+isContinuous() : hoolean +toString() : String
#oXMLE) ; Elemert
+toString() : String

normalization_matrix

Point

origin : double
ot ; double

<=constructor==#Foint origin : doubls, norm : double )
+oString) : String

Figure A.34: Package kddml.Core.DataMining.Clustering - Cluster description
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AttributeComparison VMbasure

icf center_coordingte  donbie, valne? : Donble ) donbis
#eomputeiscretel center_coordinate : String, vaiyes : String ) © double
==gefter==+getFunctionName() : String

DELTA

#oomputehumericl value! : double, value2 : Double ) double
#oomputeDiscretel valuel : String, value2 : String ) double
==gefter==+getFunctionMamer) : String

ABS_DIFF

#oomputeumericl value] : double, value2 : Double ) double
#oomputeDiscretel valuel : String, value2 : String ) double
==gefter==+getFunctionMamer) : String

SIMILARITY_MATRIX

SymmetricMatrix
(kddml . Core DataMining

#sim_rmatrix ;. SymmetrichatrizManager sitm_tmatrix

==constructor==+SIMILARITY _MATRIX] similarity_matrix © SymmetricMatrixManacger )
#oomputeMumericl value! : double, value2 : Double ) double

#oomputeDiscretel valuel : String, value2 : String ) : double
==gefter==+getFunctionMamer) : String

GAUSS_SIM

~zim : double

==constructor==+GALSS _SIML similarity_scale : double ]
#oomputeMumericl value! : double, value2 : Double ) double
#oomputeDiscretel valuel : String, value2 : String ) : double
==gefter==+getFunctionMamer) : String

EQUAL

#oomputehumericl value] : double, value2 : Double ) double
#oomputeDiscretel valuel : String, value2 : String ) double
==gefter==+getFunctionMamer) : String

Figure A.36: Package kddml.Core.DataMining.Clustering - Attribute comparison measure
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Figure A.38: Package kddml.Core.DataMining.Clustering - Cluster statistics
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Figure A.40: Package kddml.Core.DataMining.Taxonomy - Manager
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Figure A.41: Package kddml.Core.DataMining.Taxonomy - Factory
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Figure A.42: Package kddml.Core.QueryElement - Query element manager
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Figure A.43: Package kddml.Core.QueryElement - Algorithm specification
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Figure A.44: Package kddml.Core.QueryElement - XML element
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Figure A.45: Package kddml.Core.QueryElement.Condition - Manager
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Figure A.46: Package kddml.Core.QueryElement.Condition - Boolean condition
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Figure A.47: Package kddml.Core.QueryElement.Condition - Compound condition
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Figure A.48: Package kddml.Core.QueryElement.Condition - Base condition
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Figure A.49: Package kddml.Core.QueryElement.Condition - Factory
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Figure A.50: Package kddml.Core.QueryElement.Expression - Manager
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Figure A.51: Package kddml.Core.QueryElement.Expression - Factory
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Figure A.52: Package kddml.Core.Scalar - Scalar manager
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Figure A.53: Package kddml.Core.Scalar - Scalar types



APPENDIX A. UML CORE LAYER DIAGRAMS 104

KODNE ScalarType

+ohechlalvel value : Steing ) © boolean
zagetter==+getTinel) | bute

+ioString() . String

+oonvertliaied value : String ) 0 Obfect

StringType

Aending_tag : String
R=tarting_tag : String

==conatructar==+String Typel)
==getter==+getTypel) : byte

+checkaluel value : String 1 : boolean
+ootvertaluel value @ String ) : Chjsct
+HOString) : String
==setter==+setEndinaTaal 5 : String ) : woid
==getter==+setStartingTagl & : String ) : void

Figure A.54: Package kddml.Core.Scalar - String type

KODVL ScalarType

+checklialiel valye | String ) : boolean
=zgetter=s+getTupe() : byte

+toStringl) | String

+convertlialiel valne D String ) : Object

EnumerationType

#values : String(] [0.*]

==constructor==+EnumerationType( list_of_values : String(] )
+checkValue value : String ) boolean
==getters=+oetType() : byle

+oconvertvaluel value : String 1 Object
==getters=+getsdmittedyalues() : Stringl]
==getters=+gethiumdmitedvalues() : int

+HoString() : String

Figure A.55: Package kddml.Core.Scalar - Enumeration type

KODDME ScalarType

+checklainel valie : String ) boolean
==getier=m+get Tipel) & byte

+toSting) © String

+eopvertliainel valne | Steing ) 0 Object

T

FileTypa

#extension : String

+HoStringl) : String
==zetters=+zetExtensionl extension : String 3 : woid

f

FileWriter Type FileReaderType
+checkaluel value : String ) hoolean +checkaluel value : String ) : boolean
+convertaluel value | String ) Ohject +convertvaluel value : String ) Object
==getter==+getTypel) : byte ==getter==+getType() : byte

Figure A.56: Package kddml.Core.Scalar - File type
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KODWVE ScalarTypa

+oheckliaivel valne : String ) - boolean
==getters=+getTipel) © byte

+aSting() - String

+oonvertl/zinel valne © Steing ) - Object

T

ListTypa

-elementClass : Clazs

==constructor==+ListTypel( class! : Class )
==getter==+getElementClassl) : Class
+oString() : String

RealListType IntegerListType

==constructor==+ntegerListType()
+checkaluel value : String ) boolean
+convertyaluel value : String 1 Object
==getter==+getTyperl) : byte

==constructor==+ReallistType()
+checkhaluel walue : String 7 boolean
+convertvaluel value : String 1 Chject
==getter==+aetType() : byte

Figure A.57: Package kddml.Core.Scalar - List type
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UML operator layer diagrams

DperatorSettings
[kddrml. Cperstars)

+XhL DEST : String = "xml dest"{readCnly}
#operstor_name : String

==constructor==#0perstor Settings()
+checkAttributes( attributes | Hashtable=k-=String, -=KDDMLScalarManagers= ) void
+refreshaftributes( sttributes | Hashtable=K-=String, W-=KDDMLScalarManager= 1 : Hashtable=K-=String, Y-=KDDMLScalarManager=
+iistAttribates() : Steingl}
==gefter=s+isRequired attribute_name : String ) © Boolean
==getter==+isFleed! attribute_name : String ) Boolean
getter==+getDefauitdttribute Falnel attribute_name : Shing ) - Shing
==getter==+getdthribate Tipel aitribute_name : String ) : KOOMLScaizr Tipe
+checkCorrelstionBetweendttributes( attributes | Hashtable=K-=String, Y-=KDDMLScalarManagers= ) void
==getter==+getOperatorMamel) : String

JOSettings PostProcessingSettings Algorithmi oaderSettings ProprocessingSettings UnclassifiodSettings
(kddinl Cperstors 100 (kddml.Cperstors Postprocessing) (kddml. Operators) (kddml.Cperstors Preprocessing (kddrml.Cperstors Unclassified)
DperatorResolver

[kcdinl Operatars)

==constructor==#CperstorResolver()

+check&rgument Types( arguments | Yector=E-=KDDMLOhject= ) : vaid

+ Lt ) 2 i K-=Steing, -=KODMLSc2larManagers, argaments | Vector=E-=KDDML Ofject= ) : KODML Obyject
==gefterss+getdrgumentType( 1 int ) KDDMLObfect Tipe

+runTimeCheckMeeded() | hoolean

+abortiflsEmpty() © boolean

+zaveMLOutput() : hoolean

+estimatedRAMUsage) © int

+highDiskAccesslsNeeded() : hoolean

==gefter-=+getOperatarMamen) : String

JOResolvar PostProcessingResolver Algorithmi oaderResolver ProprocessingResolver UnciassifiodResolver
[kdolinl Cperstars 100 (kddml.Cperstors . Postprocessing) (kdclinl Cperstors) (kddrnl.Cperstors Preproce ssing) (kddrml Operstors Unclassified)

Figure B.1: Package kddml.Operators - Operator settings and operator resolver
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AlgorithmSettingsTask O
(kdcml Operators)

+HistParameters() | String]

==getters=+isRequiredParameter) param_name > Sting ) © Boolean
==getters=+isFixedParameter] param_name = String ) © Boolean
==gefter==+getDefautParameterlialiel parar_name : Siring ) © String
==getter-=+getParameter Typel param_name  String ) : KODMLScalarTipe

+eheck Gt iy 7 K-=String, W-=KD0MLScalarManager= ) | vold
1
PPAlgorithmSettingsTask O DiAgorithmSettings Task|
(kdciml Operators Preprocessing) kol Operators . Datatining)
SawmplingAlqorithmSettingsTask Clustaring AfgoritimSettingsTask
(kcldrl Operators Preprocessing SamplingAlgarithms) (kclciml Operators DataMining. Clusterinadigorthins)
DiscretizationAlgorithmSettingsTask SequenceAlgorithmSettingsTask
(keldml.Operatars Preprocessing Discretizationslgorthms) [ |Ckddml Operators DatahMining. SegquenceAlgorithme)
izath fi ingsTask AssociationAlgorithmSettingsTask
(kdddml.Operators Preprocessing NormalizstionAlgorithms) (kddml Operstors DataMining. AssociationAlgorithms)
RewritingAlgerithmSettingsTask CiassificationAigorithmSettingsTask
(kdldml.Operators Preprocessing Rewritingdlgorithms) [ —|tkddml Operstor s Datahining. ClassificationAlgorithms)

Algorititn ResoiverTask O
Ckelodrnl Operators)

( L K-=String, V->KD0MLScalarManager= ) void

DiAlgeritimResolver Task O
(keldml.Operators Databining) PPAlgorithmResolver Task O
Rl e i s Internarye 2 Object Ckdldnl Operstors Preprocessing)

+executer input_formatting reswit® Object ) - Object
+regdXMLDe stination xmi_dest  Sting ) - vald
==getter==+get ThpFites() : Stringl]

=<getter==+getHistonDescription) | String

SamplingAlqorithmResoiver Task
(kdcml. Operators Preprocessing. SsmplingAlgorithms)

SeguenceAlgorithmResolver Task

Ckelddrnl Operators Datatining Sequenceslgorithins) || +eampionatel instances | Instances ) ing}
+ statistic ; L, U
+aulputFarmatiing( execute_result : Object ) : SequenceMadel i i i
i 5 T Task RewritingAlgoritimResolver Task O

(kddrl Operators DetaMining ClassificationAlgorithims] (e S T il el T A AR

1 +rewritel valne | String, pp_valve [ Siring ) Steingl]

+outputFormatiingl execute_resdit : Object ) © TreeMadel ; . bty et
+readTargatittributel targel_attribule | String ) . vaid i tatistics( statisiic : Dat 4 : Dat } - vaid|
ClusteringAlgoritiunResolver Task O Task O

(keledml. Operators Preprocessing MormalizationAlgorithms)

(kcldml.Operators DataMining. Clustering Algorithms)

+hormalizel vale | double ) | doubie
red rmalizationAttributeStatistics! stat © Hica i ) vold

+outputFormatting( execute_resuft | Object ) © ClusteringMode!|

AssociationAlgorithinResolverTask

o ferm . Discretization AlgorithiuiResolver Task ()
kool Operators Databining Associstion Algorithms)

(kddml Cperstors Preprocessing DiscretizationAlgorithms)

+outputFormattingl execute_result | Object ) © AssociationModel T watiscretizer vates | Doubie(f ) Object]

==getter=s+isNumericiabeling?) : booiean
+readiscretiz: datistics( stat ) void

Figure B.2: Package kddml.Operators - Algorithm settings task and algorithm resolver task
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OperatorFactory

_zeftings extension : String = SETTINGS™readOnly |

-resolver exiension . Siring =" RESOLVER'{readOnly}

==gEtters=+is Sy

ortedl name : Strin
+newResolverinstance( name - String ) - OperatorResolver

: boolean

+newSettingzinstancel name : String ) : OperatorSettings

RODA_ALGORITHMS CLUSTERING _ALGORITHMS

SEQUENCE_ALGORITHMS

TREE_ALGORITHMS

J

AlgorithmFactory

-DISCRETIZATION ALGORITHMS LIST : String[][0.1 =

atural binning discretization” "ecual frequency discretization” HresdOnby

-MORMALIZATION ALGORITHME LIST : Stri
-REARITING ALGORITHMS LIST : Stringl] [0

'm
ule s revwriting” rule t revriting

alization","z & _normalizetion" HreadOnk

1 _tewwriting HreadOnly -

-SAMPLING ALGORITHMS LIST : Stringf] [0.2] = {"simple_sampling'

‘stretified sampling”,"ky cluster sampling"HreadOnky}

-RDA ALGORITHMS LIST : Stringl] [0..7] dei HreadOnly }
-CLASSIFICATION ALGORITHMS LIST : Stringl] [0.4] = {"yact"

{201

" HreadOnly}

CCLUSTERING ALGORITHMS LIST - String(] [0 *]

" kmeans" freadOnly b

-SEQUENCE ALGORITHMS LIST : Strinef][0.4] = {"prefix span"HreadOnby}

“alg_list : Stringl] [0.7]
-parert_operstor : String
_package_nhamne : String

= =constructor==# AlgorithmFactory( name : String, alg_list : String]],
+ioString) : String

+algorithms() - String[]

==getter-=+getPackagsMNarme() ; String

= =getter==+getParenttoder) : String

+ist() : AlgorithinFactory]

==getter==+getiigorithmClass( parent_name : String ) - AlgorithmFal

parent_op : String, package_name : String )

ctor

==gefter-=+isSupported( alo_mame : String 1 boolsan
+newSettingsinstance( slg_name - Siring ) - AlgorithmSettingsTask

+newResolverinstance( aly_name : String 1 : AlgorithmResokver Task

|

|

|

|

SAMPLING _ALGORITHMS DISCRETIZATION_ALGORITHMS

REWRITIMNG _ALGORITHMS NORMALIZATION_ALGORITHMS

Figure B.3: Package kddml.Operators - Operator and algorithm factory

OperatorException

Asimple_msg : String
Adetail_mso : String

==getter==+yetErrorMessagel) | String

==constructor==+0peratorException error_msg : String, detail_msg : String )

==getter==+yetDetailErrorMessane() : String

T

ReszolverException

SettingsException

-error_code : byte

-grror_code  byte

==constructor==+ResolverExceptioni error_msg : String, detail_msg: String, error_code © byte )
==getter==+getErrorCodel) : byte

==constructor==+SettingzException errar_msg : String, detail_msg : String, error_code : byte )
==getter==+getErrorCodel) : byte

)

ResolverErrorCodes

+ATTRIBUTE DO MOT EXIST : byte = 1 {readCnly}
+ATTRIBUTE TYPE ERROR : byte = 2{readOnly}
+ATTRIBUTE &LREADY EXIST : byte = S{readOnly}

+O ERROR : byte = 4freadOnly}

HLLEGAL CASTING : byte = S{readOnly}
+UNSUPPORTED ALGORITHM : byte = G{readCnly }
+ERROR_IMNYOKING EXTERMAL LIBRARIES : byte = F{readCnly}
+OUT OF MEMORY : byte = S{readCnlyt
HMCOMPATIBELE OBJECTS : byte = SireadCnly }

Y AL SETTINGS FOR OBJECT : byte = 10{readOnly}
+MOT YET IMPLEMEMTED : byte = 11 {readCnly}

¥

SettingsErrorodes

HNROMG ATTRIBUTE TYPE : byte = 1{readOnly}

+REGUIRED ATTRIBUTE : byte = 2readOnly}

HHROMNG PARAMETER TYPE : byte = S{readOnly}

+REGUIRED PARAMETER : byte = 4{readCnly }

+O ERROR : byte = S{readOnly}

+&L GORITHM MOT SUPPORTED : byte = B{readOnly}

+CORREL ATION BETWWEEN PARAMETERS ERROR : byte = T{readOnly}

Figure B.4: Package kddml.Operators - Exceptions



APPENDIX B. UML OPERATOR LAYER DIAGRAMS 110

OperatorSettings
(kldml Operators)

XML DEST : String = "xtnl dest"{readOnly
#operator_name : String

==constructor==#OperatorSettings()

+oheckattributes attributes : Hashtable=K-=5String, V-=KDDMLSCalarManager= 1 : void

+refreshittributest attributes - Hashtable=H-=String, V-=HDDML ScalarManagers ) - Hashtable<K-=String, V-=KDDML Scalarbanager=
+iistittributes() : Stringf]

==gefter-s+isRequired! altribute_name : Siing ) : Boolean

==gelter=s+isFixedl attribute_name | Shing ) Boolean

==gefter-m+getDefanitditribute aloe attribute_name : String ) : String

zegelier-=+getiitiribute Type( sttribute_name - String ] - KDDMLScalar Tyme

+checkCorrelationBetweenttributest sttributes © Hashtable=k-=String, V-=KDOMLScalarManager= | void
==gefter==+getCOperatorMame() : String

fOSettings
(kedcinl Operators 100

==constructor==#lOSettingst)

¥
(kdldml Operators 10 RepositoryResourceReader)

#xhL SOURCE : String = "xml_source'{readOnly }

+listattributes() : String[]

==getter==+isRequired, sttribute_name : String ) : Boolean
==getter==+isFixed attribute_name : String ) : Boolean
==getter==+getDefault Attribute slue( attribute_name : String ) String
c=gefters=+getattributeTypel attribute_name - String ) - KDDMLScalarType

Ex
Ckddml Operators |0 ExternalResourceReadear)

==constructor==#EdernalResourceReader Settings()

B ing
(kddml Operators 10 ExternslResourceiiiriter)

<=constructor==#ExdernalResourcebiiter Settings()

Figure B.5: Package kddml.Operators.lO - Settings
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OperatorRaesolver
(kdoiml Operators)

==constructor==#0peratorResolver()

+runTimeCheckieeded] | boolean
+abortlflsEmpty() : boolean
+zavelMLCutpLt() © booleah
+estimatedRAMUzage() : int
+highDiskAccesslsMeeded]) : boolean
==getter==+getCperatortamel) ; String

+checkargument Types( arguments : Yector=E-=KDOMLOhjzct= 1 : void
+executel settings | Hashtable<K-=5king, W= K00MLSealartManager=, arguments | VectorzE-=XDDML Object= ) KODML QObject
==getterss+getdrgumernt el § 2 int ) 0 KDDMLObject Tigpe

I0Resolver
(kdddml Cperators 10)

==constructor==#I0Resalver()

P ¥

(kddinl Dperators 10 RepositoryResourceReadear)

zzgetter==+getArgument Type i | int ) KDDMLObjectType

+executel settings | Hashtable=H-=String, Y-=KDDMLScalarManager=, arguments : Vector=E-=KDDMLObject= ) : KDDMLObject
+aaveXMLOuwpU() : boolean

#importQbject! xmi solrce | Shing ) KDDMLObject

=)

(kcddiml Operators 10 ExternalResourceReadear)

==getter==+aetArguiment Typel i@ int ) KDDMLObjectType
+executel settings | Hashtahlg=K-=Siring, %-=KDDMLScalarManager=, arguments ; Yector=E-=KDDMLObject= J: KDDL Ohject
#importObjecti settings | Hashtable=R-=String, =K DOMLScalarManager= ) : KODML Object

Fxi

(kelciml Operators IO ExternalResourcelttiter]

==constructor==#ExternalResourceriterResoler()

Figure B.6: Package kddml.Operators.IO - Resolver
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DperatorSettings
(kddml Operators)

+XhL DEST : String = "xml dest"{readOnly}
#operstor_name : String

==constructor==#CperatorSettings()
+checkAttributes attributes : Hashtable=k-=String, W-=KDDMLScalarManagers= 1 ; void
+refreshAttributes] sttributes | Hashtable=K-=String, V-=KDDMLScalarManager= 1 | Hashtable=K-=String, V-=KDDMLScalarManager=
+iistAttributesy) | Stringl]
==gefter==+isRequired( altribute_name : Steing ) : Boolean
==gefter==+isFixed! attribute_name : String ) - Boolean
getters=+get ibutelialnel attribute_name : String ) String
==gefter==+getditribnte Tipe( attribute_name : Steing ) KODMLScalarTige
+checkCorrelationBetweenAttributes) sttributes | Hashtable=K-=String, W-=KDOMLScalaranagers ) : woid
==gefter==+getCOperstoriamel]) : String

Algorithml oaderSettings
(kddml Operators)

+ALG MAME : String = “algorithm name"{readOn

+listattributes() : Stringl]

==gefter==+isRequired! sttribute_name : Siring ) : Boolean

==gefter==+isFixed attribute_name : String ) : Boolean

==gefter==+getDefaultsttribute’ aluel attribute_name : String 1 : String

==gefter==+getdttributeTypel attribute_name : String ) : KDOMLScalarType

+checkAttributes( attributes | Hashtable=k-=String, W-=KDDMLScalarManager= 1 : void

+refreshittributes] sttributes ;| Hashtable=k-=String, Y-=KDDMLScalarManager= ) . Hashtable=K-=String, V-=KDDMLScalarManager=

? ProprocessingSettings
PPAlgorithmioaderSettings (keldml Operatars Preprocessing)
(kddml. Operators Preprocessing)

T

PP_SAMPLING_SETTIHGS PP_REWRITIHG_SETTIHGS PP_HUMERIC_DISCRETIZATION_SETTIHGS PP_HORMALIZATION_SETTIHGS
(kddml. Operators Preprocessing) (kddml Operators Preprocessing) (kddml. Operators Preprocessing) (kddml. Operators Preprocessing)

==constructar==+PreprocessingSettings()

Figure B.7: Package kddml.Operators.Preprocessing - Settings
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DperatorResolver
[kl Operators)

==cohstructor==F0peratorResolver()

==gefterse+getdrgument Typel 120t ) : KODME Ofject Tipe
+tunTimeCheckiMeeded() : booleah

+abortiflzEmptyl) © boolzan

+saveXMLOupLt) : boolesh

+estimatedRAMUsagel) : int

+highDisk&Accessisieeded(] : hoolean
==getter==+getOperatoriame() : String

+checkArgument Typest arguments : Yector=E-=KDDMLObject= ) : woid
+execitel seftings @ Hashtable=K-=String, V-=KO0ML ScalarManagers, argiments | Vector=F-=KDDMI Qbject= ) - KODML Object

Algoritiml oaderResolver
(keldlml Operators)

i

PPAlgorithiml oaderResofver
(kddml .Operators Preprocessing)

PP_HORMALIZATION_RESOLVER
(kedddnl Cperators Preprocessing)

PreprocessingResolver
(kdldinl. Operstors Preprocessing)

st iptiang) © Steing

#readothers&rgurmema( arguments : Vectar=E-=KDDMLObject= ) void

K-=Sting, F-=KOOMESeaizrManagers ) - void

#readD

==getter==+getArgument Type( i int ) KDDMLObjectType
z=setter==#aetAlTaxonomiesl input © PRInternallablehfanadger, output : PRInternalTableManacer

S stat - D Manager, PPstat - D Mariager ) : void

woi]

f

(kdddml Operators Preprocessing)

ﬂ‘PP_NUMERIC_DISCRETIZATION_RESOLVER

PP_SAMPLING_RESOLVER
(kelddnl Dperators Preprocessing)

PP_REWRITING_RESOLVER
(kcldml Operators Preprocessing)

113

fastancel evelDependentTransformation
(kcldnl . Cyerators Preprocessing)

[ l+executel zettings | Hashtable=k-: >Str|ng Y-=HDDMLScalarManager=, argutnetts @ Wector=E-=KDDMLObject= ] : KDDMLObject

#ranCoref tuple Ak i
+estimatedRAMUsagel) : int
+highDizkAccessisiesded(] : hoolean

P 7 I dapandentT £, i

(kddml .Operators Preprocessing)

+executel settings HasMab|e<K -=Stritg, Y- >KDDMLScaIarManager= argumetts ; Vector=E-=KDDMLOkject= ) : KDDMLCbject
#eunCovel tupla @ instance, i Hnstance ) Inst
+highDiskAccessishesded() : hoolsan

SchemalevelTransformation
(kddml Operators Preprocessing)

#data TransformationlsNeeded!) : boolean
#ranCorel taple : ) i
+h|ghD|SkAccessISNeeded[] hoolean

+executel seftings | Hashtable=K-=String, v-=HODMLScalarManager=, arguments : Wector=E-=KDDMLOkject= 1 . KDDMLOhject

Figure B.8: Package kddml.Operators.Preprocessing - Resolver
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OperatorSettings
(kelciml Operstors)

+xML DEST : String = "xml dest"{readOnly
Roperator_name : String

==constructor==#Operator Setting ()
+checkattributes( attributes : Hashtable=k-=String, V-=KDDMLScalarhanager= ] : void
+refreshittributes sttributes | Hashtable=K-=String, Y-=KDDMLScalatManager= 1 : Hashtable=K-=String, Y-=KDDMLScalarManager=
+iistaftribates() : Stringl]
==getters=+isRequiredy alitribote_narme : String ) : Boolean
==getter=s+isFied attribote_nawme  Steing ) Boolean
petter==+gel ibute/alnel aitribate_name : String ) Steing
==getter==+tgetditribute Tigeel attribute_name : String ) : KOOMLSE alar Tipe
+checkCorrelationBetweenAftributes) sttributes | Hashtable=K-=String, V-=KDDMLScalarManager= ) : void
==getter==+etOperatarMame() : String

Algorithmi oaderSettings
(kddml.Cperstors)

+ALG MAME : String qorithin namereadCnly

+listAttributes() : String(]

==yefter==+isReguired( attribute_name : String ) : Boolean

==getter==+isFixed attribute_name : String 1 Boolean

==getter==+yetDefautt Atribute’'aluel stiribute_name : String ) : String

==getter==+getiitributeTypel sttribute_name © String ) : KDDMLScalarType

+checkattributes( sttributes : Hashtable=K-=String, V-=KDDMLScalarhanager= ] © void

+refreshattributes] attributes | Hashtable=K-=String, Y-=KDDMLScalamianagers ) | Hashtable=K-=String, ¥-=HDDMLScalarManagers=

T

DifAlgorithmloaderSettings
(kelcdml Operataors Datahining)

TREE_MIHER_SETTIHGS RDA_MIHER_SETTIHGS CLUSTER_MIHER_SETTIHGS SEQUEHCE_MIHER_SETTINGS
(kddml Operators Databining) | [(kedml Operators DataMining) (kdddml.Operators Databining) (kddml.Operators Datahining)

Figure B.9: Package kddml.Operators.DataMining - Settings
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DperatorResolver
[kddlinl.Cperators)

==constructor ==#0peratorResolver()
+checkArgument Types( arguments ;| Yector=E-=KDOMLObject= 1 : waid
settings t; K-=String, V=K ODMLScalarManagers, argiments  Vector=E-=KDOMLObect= ) © KDOMLObfect
==gefter==+getdrgnment Tepe 12 int ) - KDOML Object Tipe
+runTimeCheckMeeded() | boolean
+abortiflzEmptyl) : hoolean
+saveXMLOut put() : boolean
+estimatedRAMUsage) ; int
+highDiskAccesslzheeded() | boolean
==gefter==+getOperatorMamel]) : String

T

Algorithmi ozderResolver
(keldinl Cperators)

i

DifAigorithmi oaderResolver
(kddrml Dperstors Databining)

#removeTemporaryFiles file names : Strin - ol
==getter==+getArgumertTypel i int ) KDOMLORjectType
+estimatedRAMUsagel) ; int

+highDiskAccessisNesded() | hoolean

T
| |

CLUSTER_MINER_RESOLVER | |SEQUENCE_MINER_RESOLVER || TREE_MINER_RESOLVER RDA_MINER_RESOLVER
[kddml Operstors Databining) (kddml.Operators Datahining) | |(kddiml.Cperstors Databining) | [(kddml Operstors Databdining

Figure B.10: Package kddml.Operators.DataMining - Resolver
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OperatorSettings

+ML DEST : String = "l dest{readOnty}
Hoperstor_name ; String

==constructor==#Operator Settings()

+checkAttributes( sttributes : HashiablesK-=Siring, Y-*KOOMLScalarianager= ) : void

+refreshattributes( attributes © Hashtahle=K-=String, V-=KODMLScalaranager= ) © Hashtable=k-=String, Y-=KDDMLScalarManagers
+iistAttributest) . Stringl]

==getter==+/sRequiredd attribute_name : Stripg ) © Boolean

==gelter==+isFixed( sitribuie_name . Slring ) . Aoolean

==getter==+getDefauitdttribute Value! attribute_name : Stripa ) String

==gelter==+getAttribute Type( Sltribule_name - String ) - KODMLScaiar Type

+checkCarrelationBetweenatiributes( attributes | Hashtable=H-=String, Yv-=KDDMLScalarManagers ) : void

= =getter==+getOperatarhiamer) : String

PostProcessingSettings

<<constructor=+PostProcessingSettings()

Figure B.11: Package kddml.Operators.Postprocessing - Settings

OperatorResolver

==constructor==#0peratorResalver()

+checkArgumentTypes( argumerts : Vector=E--HDOMLObjsct= ) : void

+executel seitings - Hashtabiesi-=String, \r-=K00ML ScalerManager=, arguments - VectorsE-=KDOML Objest= ) - KDOML Objsct
wgefters=tyetd roumentTypel 12 int ) - KDDML ObjectTiwe

+runTimeCheckMeededs) : hoolean

+abortiflsEmpty() - boolean

+saveXMLOUU() - boolean

+estimatedRAMUsager) ; int

+highDiska coesslshiseded() | hoolean

= =getter==+getOperatorkiamet) - String

PostProcassingResolver

<=constructor=>+PostProcessingResolver()

Figure B.12: Package kddml.Operators.Postprocessing - Resolver
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OperatorSettings

+ML DEST : String = "l dest{readOnty}
Hoperstor_name ; String

==constructor==#Operator Settings()

+checkAttributes( sttributes : HashiablesK-=Siring, Y-*KOOMLScalarianager= ) : void

+refreshattributes( attributes © Hashtahle=K-=String, V-=KODMLScalaranager= ) © Hashtable=k-=String, Y-=KDDMLScalarManagers
+iistAttributest) . Stringl]

==getter==+/sRequiredd attribute_name : Stripg ) © Boolean

==gelter==+isFixed( sitribuie_name . Slring ) . Aoolean

==getter==+getDefauitdttribute Value! attribute_name : Stripa ) String

==gelter==+getAttribute Type( Sltribule_name - String ) - KODMLScaiar Type

+checkCarrelationBetweenatiributes( attributes | Hashtable=H-=String, Yv-=KDDMLScalarManagers ) : void

= =getter==+getOperatarhiamer) : String

UnciassifiedSettings

==constructor==+UnclassifiedSettings()

Figure B.13: Package kddml.Operators.Unclassified - Settings

OperatorResolver

= <constructor==#OperatorResolver()

+checkArgumentTypes( arguments : Yector=E-=KDOMLObject= 1 : void

+execytel settings | Hashtabie=K-=5tving, \-=KODMLScalarManager=, arguments | VectorsE-=KDDMLOkyject= ) : KDOMLOfyject
<ageftersergetd roument Tynel | int ] - KODML ObjectTime

runTimeCheckieeded() - boolean

+abortiflzEmpty() © boolean

+saveXMLOuRL]) : boolsan

+estimatedfAMLsager) - int

+highbDiskacoesslshieeded()  hoolean

==getter==+petOperatorbame) | String

UnciassiffedResoiver

Figure B.14: Package kddml.Operators.Unclassified - Resolver
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UML interpreter layer diagrams

KDDMLInterpreterException

Asimple_msg : String
Adetail_mag : String

==constructor==+HDOMLInterpreterException( error_msg © String, detail_msg : String )
==getter==+getErrorMessage) . String
==getter==+ustDetailErrorMessage() : String

[

InvalidkDDMLQueryException

==onstructor==+nvalidK DML QueryExceptiont msg @ String, msg2 @ String )

ExecutionException

==onstructor==+ExecutionException] msgl : String, msg2 : String )

igorithmie:

==constructor==+UnsupportedlgarthmException] magl : String, msa2 : String )

TypeCheckingException

==constructor==+TypeCheckingException operator_name : String, type : KDDMLChjectType )

DBMSConnectionException

==constructor==+DEMSConnectionException] msg1 : String, msg2 : String )

EmptyResultsException

==constructor==+EmptyResultsException( operstor_name : String 1

Figure C.1: Package kddml.Interpreter - Exceptions

118



APPENDIX C. UML INTERPRETER LAYER DIAGRAMS 119

Intarpreteri’ O

+enablelerboseMaodel enabie © boolean ) void
+enablelagfllel enable | boolean ) void

T

QueryExecutor

+APPLICATION MAKME : String = "WDDML (khowledge Discovery in Detabase Markup Lanouage)"{readCnly
+APPLICATION WERSION @ String = "2 016 beta"{readOnly

-verbose mode : boolean = false

oy mode : boolean = false

-gjuery : Element

-guery_cloned ; Elemert

-result : KDDMLChiect = null

firal_tnsg : String = null

==constructor==+CueryExecutor] query_path © String )
==constructor==+GQueryExecutor] DOMGUEry | Documert ]
+enablet'erhosefodel enshle ; boolean 1 ; woid

+enablelogFiler enable : boaolean J © waid

+runi) : woid

==getter==+getResult() ; KDOMLOhject

==getter==+gethessageResult() : String

+resolvel] : void

#resolverl guery : Element, type | KOOMLObjectType 1 : KDOMLCOhject
#rezolveCorel gquety © Elemert ) @ KDDMLObject

+validateCuery (] ; woid

+cloner tag © Flement 1 : Elemernt

+removeTimpResults()  woid

#resolveCond( elem : Element | : Condition

#resalveExpr elem : Element ) : Expression

#resolveCenericXMLl elem : Element J : XML

#refreshRAM : void

#rezolvellgarithiml elem : Element, sftributes | Hashtable=K-=String, V-=KDDMLScalarManager=, cht_alg : int ) @ KDDMLAIgorithm
#runTimeChecking result : KDOMLObject, type ; KDDMLObject Type 3 : woid
+main( args : Strin - wioid

Figure C.2: Package kddml.Interpreter - 1/0
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mterpreterCﬁeckerO

+yegiicdate Queny) T void

T

QueryExecutor

+APPLICATION MAME © String = "HDDWL (khowledge Discovery in Database Markup Language)"{readCnly
+LPPLICATION VERSION : String = "2.0.16 betafreadCnly

-verbose mode : boolean = false

-loey mods : hoolean = false

-guery ; Element

-guery_cloned : Element

~resuft : KDDMLOBject = null

final_msg ; String = null

==constructor==+GueryExecutor query_path @ String 1
==constructor==+QuervExecutor] DOMGOuery ;| Document
+enable’erbosetodel enable | boolean ) : waid

+erableLogFilel enable @ hoalean ) void

+run() ; woid

==getter==+getResult() : KOOMLOhject

==getter==+gethvessageResult(] : String

+resolvel) : void

#resolvel gquery @ Element, type | KDDMLORjectType ) 0 KDDMLOhject
#resolveCore! gquery ; Elemert ) KDDMLOhject

+valicdateGuery() : woid

+clonel tag @ Eletnent ) : Elemert

+removeTmpResutts(] © void

#resolveCond( elem : Element ) - Condition

#resolveExpr( elem : Element ] @ Expression

#resolveCGenericdMLl elemn : Element J : XL

#refreshRAM : vaid

#resolvellgorithmi elem : Element, sttributes | Hashtahle=K-=String, V-=KDDMLScalarManager=, crt_alg : int ) ; KDDMLAIgorithm
#runTimeCheckingl result : KDDMLOhject, type | KODMLObjectType 3 : waid
+nEin arcs @ Strin * il

Figure C.3: Package kddml.Interpreter - Checker
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InterpraterRunnar O

==getter==+getResyit) | KRDOMEQbject
==getters=+getMessageResulli) : String
+resolef) tvoid

|
|
QueryExecutor

+APPLICATION MAME : String = "KDDML (Khowledde Dizcovery in Database Markup Languace)"{readOnly
+APPLICATION WVERSION : String = "2.0.16 betareadCnly

-verboze mode : boolean = false

-loey modde : hoolean = false

-guery ; Element

-guery_cloned : Element

~resuft : KDDMLObject = null

-final_msg : String = null

==constructor==+GQuervExecutor] query _path © String
==constructor==+QueryExecutor] DOMGOuery : Documert ]
+enable’erbosetodel enable © boolean 1 : waid

+erableLogFilel enable @ hoolean ) void

+run(l ; woid

==getter==+getResult() : KODMLOhject

==getter==+gethMessageResult() ; String

+resolver) : void

#resolvel gquery : Element, type | KDDMLORjectType ) 0 KDDMLOkject
#resolveCore! gquery ; Elemert ) KDDMLOhject

+valicdateGuery() : woid

+clonel tag @ Eletnent ) 0 Element

+removeTmpResutts( ; void

#resalveCond( elem : Element ) : Condition

#resolveBxpr( elem : Element 3 : Expression

#resolveCenericXhLl elem : Element ) : Kbl

#refreshRAML @ wvoid

#rezolvellgorithmi elem : Element, sttributes | Hashtshle=K-=String, V-=KDDMLScalarManager=, cot_alg ; int ) ; KDODMLAIgorithm
#runTimeCheckingl result : KDDMLChject, type | KODMLObjectType 3 : waid
+nEinl arcs @ Strin * il

Figure C.4: Package kddml.Interpreter - Executor
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