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Abstract

The paper presents the current state of the art in the area of data preparation. It proposes a complete methodology for
industrial data preparation, as well as a nomenclature connected with the proposed methodology. The reasons behind the
need to develop a new methodology are explained. The relevant notions, such as process, stage, task, operation, technique
or method, are defined. The paper contains a diagrammatic representation of the proposed methodology.
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“Why Data Needs Preparing: The Business Case

Although the technical need for data preparation
may be clear to the miner, the business benefit is not
always so clear. Because data preparation can be
expected to take at least 60% of the time (and re-
sources) of any mining project, a business case is
always needed to support the time and resources
required and to avoid the following scenario: Man-
ager: “How’s that modeling project coming along?
Almost three-quarters of the project has elapsed and
we need an interim report about how the model is
performing!” Miner: “I’m still preparing the data —
haven’t started modeling yet. No results so far.””
(Pyle, 2003)

“In fact, the general rule is that the data mining
process is 80:20 — 80% preparation and 20% analy-
sis.” (McCue, 2007)

1. NOTIONS AND DEFINITIONS
Data preparation is, in the great majority of pub-

lished articles and conference papers, a stage of
modeling which is treated only cursorily and without
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detail. This is why this area lacks unequivocal and
generally accepted definitions. The present paper
proposes a methodology for data preparation and
a nomenclature that goes together with this method-
ology. The process of data preparation is understood
as all tasks involved in data preparation. Two stages
can be distinguished within it: the introductory stage
and the main stage. A particular (introductory or
main) sfage can include different tasks. A fask is
a separate self-contained part of data preparation
which can be realized in each of the stages. Four
kinds of tasks can be differentiated: data cleaning,
data integration, data transformation, and data reduc-
tion. Each of the tasks consists of one or more opera-
tion. An operation is a single action performed on
the data. The same operation may be involved in
different tasks. Each operation may be performed
via a number of techniques. A fechnique (or some-
times a method, for example grouping) defines
away of performing an operation. An algorithm
characterizes a technique (a method) in detail.
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2. ATAXONOMY AND OVERVIEW OF
DATA PREPARATION

Data bases collecting a huge amount of informa-
tion pertaining to real-world processes, for example
industrial ones, contain a significant number of data
which are imprecise, mutually incoherent, and fre-
quently even contradictory. It is often the case that
data bases of this kind often lack important informa-
tion. All available means and resources may and
should be used to eliminate or at least minimize such
problems at the stage of data collection. It should be
emphasized, however, that the character of industrial
data bases, as well as the ways in which such bases
are created and the data are collected, preclude the
elimination of all errors. It is, therefore a necessity to
find and develop methods for eliminating errors
from already-existing data bases or for reducing
their influence on the accuracy of analyses or hy-
potheses proposed with the application of data bases.
There are at least three main reasons for data prepa-
ration: (a) the possibility of using the data for model-
ing, (b) modeling acceleration, and (c) increase in
the accuracy of the model. It should be noted that the
absence of a detailed analysis of the data chosen for
preparation may lead to the choice of inappropriate
tasks, operations and techniques, and — in conse-
quence — to a significant decrease in the quality of

the proposed model.
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The literature pertaining to data preparation (Han
& Kamber, 2001; Kusiak, 2001; Masters, 1996;
Pyle, 1999; Pyle, 2003; Refaat, 2007; Weiss & In-
durkhya, 1998; Witten & Frank, 2005) discusses
various tasks (characterized by means of numerous
methods and algorithms). Apparently, however, no
ordered and coherent classification of tasks and op-
erations involved in data preparation has been pro-
posed so far. This has a number of reasons, includ-
ing the following: (a) numerous article publications
propose solutions to problems employing selected
individual data preparation operations, which may
lead to the conclusion that such classifications are
not really necessary, (b) monographs deal in the
minimal measure with the industrial data, which
have its own specificity, different from the business
data, (c) the fact that the same operations, are per-
formed for different purposes in different tasks,
complicates the job of preparing such a classifica-
tion.

Figure 1 below represents a schema of the data
preparation process. For the data collected in the
real-world industrial (production) processes four
tasks are distinguished:

— data cleaning is used in eliminating any incon-
sistency or incoherence in the collected data

— data integration makes possible integrating data
bases coming from various sources into a single

data integration
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Fig. 1. Tasks realized in the process of data preparation with the distinction into the introductory and the main stage

- 26 -



INFORMATYKA W TECHNOLOGI MATERIALOW

two-dimensional table, thanks to which algo-

rithmized tools of data mining can be employed

— data transformation includes a number of opera-
tions aimed at making possible the building of
a model, accelerating its building, and improv-
ing its accuracy, and employing, among others,
widely known normalization or attribute con-
struction methods,

— data reduction limits the dimensionality of
a data base, that is the number of variables; per-
forming this task significantly reduces the time
necessary for data mining.

In each task, two stages are distinguished. The
area encompassed by the dashed lines (squared area)
represents the introductory stage, while the grey area
represents the main stage. Each of the tasks involves
one or more operations. An operation is understood
here as a single action performed on the data. The
same operation may be a part of a few tasks.

3. DATA PREPARATION TASKS

A task is a separate self-contained part of data
preparation which may be and which in practice is
performed in each stage of the data preparation
process. We can distinguish (in accordance with
figure 1) four tasks: data cleaning, data transforma-
tion, data integration, and data reduction. Depending
on the stage of the data preparation process a differ-
ent number of operations may be performed in a task
(also, depending on the kind of process under mod-
eling, not all operations have to be performed in
a task).

In data cleaning the introductory stage involves
a one-time correction of the data residing in the
elimination of all kinds of errors resulting from hu-
man negligence in the process of data collection.
Introductory data cleaning is a laborious process of
getting to the source materials, often in the form of
paper notes, books and laboratory forms, or printouts
from the lab and measuring equipment, of reading
them and supplying the lacking data by hand. The
introductory stage of data integration should involve
the elimination of obvious repetitions. Their appear-
ance may result, among others, from the specific
nature of registering industrial production data. In-
troductory data transformation usually includes
individual operations, whose performance is necessi-
tated by data integration, such as: aggregation, gen-
eralization, or attribute construction. Introductory
data reduction is restricted to attribute selection and

is based on the knowledge and experience of the
data analyst.

The data preparation process, at the stage of in-
troductory preparation, may start with any task, but
after finishing the introductory stage of this task, it is
necessary to go through the introductory stage of
data cleaning. It is only then when one can perform
operations belonging to other tasks, including the
operations of the task with which the process of data
preparation has started. This procedure follows from
the fact that in the further preparation, be it in the
introductory or in the main stage, the analyst should
have at his disposal possibly the most complete data
base and only then make further decisions.

It is only after the introductory stage is com-
pleted in all tasks that the main stage, which is dis-
cussed in more detail below, can be initiated.

3.1. Data cleaning

Data cleaning in the main stage involves three
operations:

— replacement of missing and empty value — this is
aimed at enriching the collected data with the
missing values representing the absent data,

— accuracy improvement — this involves the elimi-
nation of the erroneous data (for example out-
liers) or the replacement of the collected data
with appropriate corrected values,

— inconsistency removal — this is done with the aid
of specially designed procedures (for example,
control codes) or of tools aimed at discovering
such inconsistencies (for example, when func-
tional relations among parameters are known).

3.2. Data integration

Data mining typically requires integrating data
sets coming from (collected in) many separate bases.
Integrating the data coming from different sources
requires performing three operations:

— identification — this involves methods of identi-
fying properties in the data sets to be integrated,

— removing redundancies — this makes possible the
elimination of all repetitions and redundancies,

— unification — this leads to format conformability
of the integrated data sets and to their meaning
identity.

3.3. Data transformation

Data transformation involves all the issues con-
nected with transforming the data into the form
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which makes possible its exploration. This includes

six operations:

— smoothing — this resides in transforming the data
with the aim of eliminating local deviations
which have the character of a noise. Smoothing
includes techniques such as, for example,
binning, clustering, or regression;

— aggregation — this resides in summing up the
data, most frequently in the function of time, for
example, from a longer time period encompass-
ing not just a single shift but a whole month;

— generalization — this resides in the replacement
of the collected data containing measurements of
a registered process value with a higher-order
value, for example via their discretization;

— normalization — this resides in the rescaling (ad-
justment) of the data to the specified, narrow
range, for example from 0.0 to 1.0;

— attribute (feature) construction — this resides in
transforming mathematical attributes (features)
with the aim of constructing a new attribute
(new feature), which replaces in modeling the
attributes from which it has been constructed;

— accommodation — this resides in transforming
the data into a format used by a specific algo-
rithm or a tool, for example into the ARFF for-
mat (Witten & Frank, 2005).

3.4. Data reduction

The operations performed in data reduction are
aimed at arriving at a significantly reduced data rep-
resentation which, at the same time preserves the
features of the basic data set. Data reduction in-
cludes five operations:

— attribute selection — this resides in reducing the
data set by eliminating from it the attributes
which have little significance for the phenome-
non under modeling,

— dimension reduction — this resides in transform-
ing the data with the aim of arriving at a reduced
representation of the basic data, for example in
the form of new attributes,

— discretization — this is aimed at replacing the
collected data with newly created higher-order
values,

— numerosity reduction — this is aimed at eliminat-
ing from the data base the recurring or very
similar cases,

— aggregation — this is understood as data trans-
formation.

4. SUMMARY

The proposed methodology has the following
aims: (a) to arrange and offer a complete list of tasks
and operations performed in the process of data
preparation, (b) to propose, on the basis of the au-
thor’s own experience, a particular ordering of tasks
and operations performed in the process of data
preparation, (c) to give to data preparation the sig-
nificance it deserves.

Data preparation is time-consuming and hence,
reasonable actions taken in this direction make pos-
sible finding in a particular project some additional
time for the analysis of the results extracted from the
model. An ordered taxonomy of data preparation
opens the way to identifying the tasks and individual
operations which are necessary in each particular
case of modeling. In addition it makes possible iden-
tifying those operations of data preparation which
may bring about an increase in model quality, but
which are too time-consuming in relation to the de-
gree of the model quality increase.

In accordance with the proposed methodology,
the process of industrial raw data preparation may
start with any task (in figure 1, this is represented by
the incoming double arrows) in the stage of intro-
ductory preparation, but the preferred ordering is to
start with data cleaning task. However, the experi-
ence suggests that after performing the introductory
stage of the first task the task of data cleaning should
be performed. Only then the following tasks should
be performed (in figure 1 this is represented by sin-
gle dashed arrows going to data cleaning task). The
main stage does not impose any determinate order-
ing of the tasks to be performed, especially that the
individual operations and methods used in them are
identical to the operations and methods performed in
other tasks (in figure 1 represented as single line
arrows going in both directions).

This last aim is dictated by the fact that people
who decide to undertake data mining often say “We
already have the data — the only thing that we need
to do is to copy them from the technologist’s com-
puter disc”. And when they are told that such data
often require cleaning, correcting, or supplementing
and that this brings about certain costs, they react
with the following answer “These data were col-
lected and registered by conscientious and careful
people — hence there is no need to do anything about
them”.

An additional reason is a wish to start anew
a discussion — this time, however, a discussion spe-

- 28 —



INFORMATYKA W TECHNOLOGI MATERIALOW

cifically focusing on the preparation of the industrial
data in particular, so that people did not voice and
support ideas such as the following: “For example,
in scientific and engineering applications of data
mining, such as weather prediction and industrial
process control, the data is gathered from measure-
ment equipments that does not normally result in
missing values. When records do contain missing
value, it is an indication that something went wrong
with the data collection equipment or software, and
these records should not be used at all” (Refaat,
2007).
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PRZYGOTOWANIE DANYCH
Streszczenie

W artykule przedstawiono dotychczasowy stan zagadnienia
przygotowania danych. Zaproponowano kompletng metodyke
przygotowania danych przemystowych i zwiazana z nia termi-
nologi¢. W pracy wyjasniono powody, dla ktérych opracowano
nowa metodykg. Zdefiniowano stosowane pojgcia, takie jak:
proces, etap, zadanie, czynnos¢, technika lub metoda. W pracy
umieszczono graficzng prezentacjg zaproponowanej metodyki.

Received: November 4, 2009
Received in a revised form: March 25, 2010
Accepted: March 30, 2010

—-29 -

Ll
O
Z
=
0
%)
%]
—
<
4
=
<
=
Z
%)
a)
o
T
&
=
e
=
>
o
=
o
v





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


