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This document describes the evaluation of the ADEIBRchitecture version 1 and the first version of
the DMI language by applying to them the applicatise cases of the pilot ADMIRE applications.

The document starts with a short summary of workedso far in WP6, and then outlines plans for the
next period of ADMIRE. Then we describe the objti and methodology of the evaluation and the
evaluation itself follows.

The evaluation is divided into two parts, one uding Flood Application, the other using the CRM
Application. These two parts are similar in thegthodology, but not completely the same. The Flood
Application scenarios more thoroughly cover dateegration and the theoretical aspects of the
architecture and language, while the CRM Applicascenarios are more technically-oriented and are
better suited for data mining framework evaluati®ach evaluation chapter contains detailed
descriptions of the used scenarios, their mappintpé ADMIRE architecture, and to DMI process
descriptions in the ADMIRE DMI language or in OGE&®I code. Each chapter is concluded with a
short summary of the observed deficiencies andfopgsed enhancements. The two parts of the
evaluation are then brought together in the evalnaummary.
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The progress of WP6 up to PM12 can be divided twtm distinct periods — the period from the start
of the project until PM6, and the subsequent pestadting in PM7 and ending now, at the end of the
first year of ADMIRE.

Progress achieved during PM1-PM6 has been desciibatre detail in [2]. This period was used
mainly for finding the right application areas, sagos, and obtaining the necessary data and tools.
[2] we described the general outlines of our pélpplications, and details about the data availtdrle
their implementation. During the first six month$?®/was largely independent from the work of other
WPs (as the work was just beginning). An exceptmthis observation is WP3, which is responsible
for the pilot use cases, and so closely connecttd\WiP6.

After PM6, some of these efforts have continued,vieel have also started to cooperate very closely
with other work packages as well, particularly withP2 — this document describes the results of this
interaction. In both applications, we have spedifiee technical details of the pilot scenarios Wwhic
will be used for the initial deployment and testpizase (and which will be later extended). The data
sets are now finalised and deployed in the Testhe’DMIRE, ready to be used in data integration
and data mining using the initial ADMIRE Platform.

")

In the next period, beginning with PM13, the scasadescribed in this document will be actually
exercised in the Testbed, and will be used inrigdtie ADMIRE Platform version 1. WP6 will assist
with the testing, even though the main work willdmne by WP3 and the respective developers of the
tools under test. The scenarios, which are destriteze, are just the initial set, and will also be
extended in the coming period, with new scenargad prepared. The final set of pilot application
scenarios should be able extensively to test antliate both data integration and data mining aspect
of the ADMIRE architecture, the ADMIRE platform, drsubsequent versions of the intermediate
DMI-WF and canonical DMIL languages.
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The objective of this document is to describe thaeation of the ADMIRE Architecture version 1,
and the current state of the DMI language developi¢itin ADMIRE, and to assist in their further
development towards usable tools for advanced idégration and data mining. The goal of the
evaluation process is to better connect the séientiork of ADMIRE, mainly in the area of the
architecture and the high-level DMI process desionp to the actual use cases of the project. This
connection can help to discover any problems ofafohitecture and language, and to propose their
solution in a way which will make the ADMIRE platfo better suited for deployment in real-life
scenarios.

To achieve the objectives outlined in Section @& ,have devised a methodology for performing the
actual evaluation. While the results of the projadtVP1 and WP2 are largely theoretical so famehe
is enough information to be able to reason abausthtability of the proposed ADMIRE Architecture,
and the features of the language for data integraand data mining in environmental management
applications, and in CRM applications.

The process of the evaluation has been designied@ss:

1. Start from the use caseswe first describe the use cases which we usthéoevaluation, in
technical detail sufficient for the DMI expertshie able to actually use them.

2. Try to map use cases to the ADMIRE Architecture @a&SA-DAI workflows- we then try to
show how the use cases can be mapped to the atahgtelescribed in [1], and how we can
create working OGSA-DAI workflows for them. Durirntis stage, it is easy to find any
deficiencies of the architecture, if we for examplee not able to find a place for an
application component, or a necessary connectitwees components has no place in the
architecture.

a. Architecture of the system including gateways aisiMT
b. Expressing the application processes as OGSA-DAkfiaavs
c. Trying to implement designed workflow on the OGSAID

3. Try to express the DMI processes in the DMI-WHEnhe language is still in its initial design
stage, and its description is far from completer €fforts are aimed not towards creation of
usable application programs, but more towards figdnissing parts of the language, and
pointing them out.

4. Understand how to map our applications to the teelse also need to think about how the
applications will actually be accessed by the ydewes their inputs will be entered, and how
will the user receive the results. Also the proaddse application needs to be monitored, and
in some cases actively steered by the expert astre data mining expert assisting him/her.

There are two distinct application areas in ADMIREhe Flood Application, targeting environmental
management, and the Customer Relationship Manadefymaiication, coming from an area more
traditionally equipped with data mining. These &gilons are treated as two completely separate
parts of this evaluation, and also the methodolofgsheir application to the ADMIRE Architecture
version 1, and the DMI-WF, differs in several wégs can be seen in the differences in the layduts o
Sections 4 and 5. While none of the applicatiomades by itself is able to cover the requiremaexits
ADMIRE alone, the four scenarios in this documegether are already able to evaluate the features
of the architecture much better. Since the prooéghe evaluation will be repeated several times
during ADMIRE's lifetime, it is expected that theemarios will evolve together with the architecfure
language, and the ADMIRE platform, and will covee imissing requirements in the future.

D %6 < = %= < 66 5
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This chapter describes the scenarios of the envienital Flood Application of ADMIRE, and the way
they were used in the evaluation of the initial AIRE Architecture. We have chosen for this task
two different scenarios, which are the most advdmpaets of the application.

The first scenario uses data mining to create aemfmt discharge wave and water temperature
propagation. As the pilot site, our end user —Hlgdrology Departement at SHMI — has selected the
Orava reservoir, a large dam in the northern paBlavakia. It manages the river Orava, which flows
into the longest river in Slovakia named Vah. Thd aser has provided also historical data for sdver

hydrological stations on rivers Orava and Vah, andther end user has provided historical data for
water discharge and temperatures for the resetself.

The second scenario uses data mining for shoreramather forecasting. The model will use recent
radar images and measurement from hydrologicabstafor prediction of precipitation in the next
period. Historical radar images are provided by&koHydrometeorological Institute (SHMI). Output
from meteorological model (wind, temperatures) baralso used from improving the accuracy of the
short-range forecasting.

/( "
T :

This scenario tries to create a model for the wdischarge wave propagation, and river temperature
changes downstream from a large managed resetfiveiQrava reservoir.

The Orava reservoir has two uses — the manageniehé aiver Orava, including flood prevention,
and electricity production. It is also a part of p-called Vah Cascade — the river Orava is atailp
of the river Vah, and there are another twelve wateks downstream from Orava reservoir.

The end user is interested in observing, modellamgl potentially predicting the propagation of the
water discharge wave from the Orava reservoir terndtream hydrological stations, and also the way
in which this discharge influences the temperatifithe water in the river. The necessary dataHisr t
task are:

historical discharge volumes from the Orava reservo
historical water temperature values from the Oragarvoir;
historical water levels at the observed hydroldgtations;
historical water temperatures at the observer Hgdical stations.

Since the hydrological processes in the river #ge greatly influenced by the weather, we also need
to consider:

historical rainfall volumes in the pilot watershaea,;
historical temperatures in the pilot watershed .area

All this data is available, as has been describe®6.1 — Architecture and Design of the Pilot
Applications[2].

The data mining process is roughly outlined in &bl We build a model based on the past rainfall
volume and air temperature, water discharge froen rigservoir, the temperature of water in the
reservoir, the water level at the observed dowastrstation, and the water temperature at the statio
The values of rainfall and air temperature after dbhservable tim& can be easily predicted using a
standard meteorological model, which is part of Fk@od Application (see [2]). The water discharge
from the reservoir is given in a regulation schedofl the Orava reservoir. The variables, which we
want either to predict, or to influence by changihg regulation schedule are the actual targetisf t
experiment.

%= < ;6< = = < 6



T-6 R-6 F-6 D-6 E-6 X-6 Y-6

T-5 R-5 F-5 D-5 E-5 X-5 Y-5
T-4 R-4 F-4 D-4 E-4 X-4 Y-4
T-3 R-3 F-3 D-3 E-3 X-3 Y-3
T-2 R-2 F-2 D-2 E-2 X-2 Y-2
T-1 R-1 F-1 D-1 E-1 X-1 Y-1
T R F D E X Y
T+1 R+1 F+1 D+1 X+1 Y+1
T+2 R+2 F+2 D+2 X+2 Y+2
T+3 R+3 F+3 D+3 X+3 Y+3
T+4  R+4 F+4 D+4 X+4 Y+4
T+5 R+5 F+5 D+5 X+5 Y+5
T+6 R+6 F+6 D+6 X+6 Y+6
T+7 R+7 F+7 D+7 X+7 Y+7

Table 1 The basic variables of the ORAVA scenaatadnining process

The colours of the cells in Table 1 show their precnent method. The green fields are obtained from
a meteorological model (for the purposes of theadapplication it has no sense to apply data rginin
to past time data, since there is already availabkerved data, which is of better quality than any
possible results of data mining); the blue fields the proposed regulation schedule of the Orava
reservoir, which dictates future discharge volunaes] the yellow cells are the actual data mining
target.

This scenario also presents challenges with regpette data integration process, as can be seen in
Figure 1. There are five variables in the datagraton process:

dimension — the selection of the appropriate plgrarameter) from the input GRIB file
(GRIB — Gridded Binary — is a standard file fornoaed in exchange of meteorological data
and sanctioned by the World Meteorological Orgatiore;

time period — the time for which we want to fetcial
GRIB grid coordinates — the coordinates of thet@lea,;

reservoir name — the name of the reservoir, useattess the correct reservoir database (in
our case it will be Orava);

station list — list of the hydrological stationsiaihwe want to observe using data mining.
These input parameters then influence the datatsmierocess, which uses these data sources:

GRIB metadata — database containing the descriptafnall available GRIB files with
meteorological information;

%= < ;6< = = < 7



GRIB data — the actual GRIB files with meteorol@jiinformation; we are interested in
rainfall volume and air temperature;

GRIB points definition — the GRIB files contain ddfor discreet points, described by their
geographic coordinates; this database lists adletipoints;

Waterworks data — a database containing variowsn#tion about the waterworks in the Vah
Cascade, including the Orava reservoir;

hydrological stations database — database witbrigal data from the hydrological stations on
rivers Orava, Vah, and their tributaries.

For a more detailed description of the databased kiere, please refer to [2].

The data are selected, transformed, and proceyseddt of activities:

GRIB file select — given the desired variable elests the proper GRIB files;

GRIB coordinate selector — given a geographic regé this activity selects all points inside
it, for which the GRIB data set has meteorologazth;

GRIB reader — this activity accesses the actualBIRes repository, and given the list of the
files and the points inside them, fetches the nmetegical information encoded within the
files;

select data from Waterworks — this activity seldw correct data from the Waterworks
database, given a waterworks name and a time frame;

select data from hydro stations — this activityestd the proper data from the database of
hydrological stations, given a time frame and adisthe station we want to include in the
data mining process;

combine data — this activity creates a homogeneéaits set, usable as an input to the data
mining part of the scenario.

While some of these activities can be implemeniadSQL queries, there are some (for example the
GRIB reader) for which we have to develop new O@3N-activities.

% =;
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Figure 1 The data integration workflow of ORAVA

The interfaces of the application, which will beedsn this scenario are mainly the data input forms
for the initial scenario variables (listed abovand then a form for evaluating the results of thead
mining. Part of the input data will be also theulagjon schedule of the Orava reservoir, which lsan
redefined in order to influence the target paramset# the mining process. Also, after the initial
training and model building phase, the data miniracess will need to use simulated meteorological
data, and these will be produced using a metedaabgnodel, which has input parameters and
interface of its own. This interface is also pdrthe set of user interfaces, which have to belabks

in the application, and which have to reside insideADMIRE Architecture which we evaluate.

%= < ;6< = = < 9



Figure 2 Mapping of the ORAVA scenario componente the ADMIRE Architecture

Figure 2 shows the logical mapping of the compamestiown in Figure 1 to the ADMIRE
Architecture (Figure 3.1 in [1]).

The user interfaces for entering initial mininggraeters are to be deployed in the ADMIRE Portal (or
other user interface, if such is used). Througls ®ortal, the workflow is then initiated, and the
workflow enactment engine then contacts the a@wibf the workflow, which in turn read data from
the databases at the two end-user sites. Thistigfcintegrates the distributed components of the
application scenario into a system, with the ADMIREhitecture components at its core. From the
architecture it is difficult to assess the usapitif the user interface, and the effectivenessoatrol
and feeding of status data back to the initiatixgeet.

/(- " "

In our opinion, the ADMIRE Architecture is well calple of integrating the distributed components of
the ORAVA scenario, and we are able to map allstenario components to the architectural core.
Here we list the potential problems, which couldutefrom the specifics of the scenario, and which
should be reflected in the next iteration of thehéecture.

Slow data transfer between distributed gateways aatlities — the deployment of the
OGSA-DAI activities used in the scenario shouldopimized, or duplicated; it may happen
that large amounts of data will be shuffled throubk network uselessly, if the end-user
expert operates the system from one of the endsitesrproviding data.

No clear provision for interactive process monitgyi- the expert who initiates the mining
process has no real control of the process viaanirol and monitoring channels.

We think that aside from the mentionpdrceiveddifficulties, the ADMIRE Architecture is well
suited for the class of data mining and integratioenarios represented by the ORAVA use case. The

%= < ;6< = = < 10



OGSA-DAI activities necessary for the scenario haorde developed and deployed, but this is not
internal to the architecture effort.

/ (/ ) , nn +#
<?xml version="1.0" encoding="UTF-8"?>
<l--
This XML describes DMI process based on the ORAVA u se case as described in D6.2 deliverable
(Figure 1)
-—>
<Project xmIns="http://dmi-wf.admire-project.eu”
xmins:types="http://types.admire-project.eu"
xmins:pmml="http://www.dmg.org/PMML-3_2"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema"
xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-instan ce">
<!I-- Processing Elements: -->
<elements>
<Element id="e001" name="GRIB_file_selector" model Ref="http://flood-
ontology#GRIBFileSelector" type="type:FileSelector" >
<inputs>
<Input id="i001a" name="dimension" type="xsd:str ing"
modelRef="http://flood-ontology#GRIBDimension"/ >
<Input id="i001b" name="time_period" type="types :Interval”
modelRef="http://flood-ontology#TimePeriod"/>
</inputs>
<outputs>
<Output id="0001" nhame="out_file" type="xsd:anyT ype"
modelRef="http://flood-ontology#GRIBFile"/>
</outputs>
</Element>
<Element id="e002" name="GRIB_reader" modelRef="ht tp://flood-ontology#GRIBReader"
type="type:FileReader">
<inputs>
<Input id="i002a" name="grib_file" type="xsd:any Type"
modelRef="http://flood-ontology#GRIBFile"/>
<Input id="i002b" name="grib_coordinates" type=" types:Coordinates"
modelRef="http://flood-ontology#GRIBCoordinates ">
</inputs>
<outputs>
<Output id="0002" name="out_data" type="types:We browset"
modelRef="http://flood-ontology#GRIBData"/>
</outputs>
</Element>
<Element id="e003" name="GRIB_coordinate_selector"

%= < ;6< = = < 11



modelRef="http://flood-ontology#GRIBCoordinateSel
type="type:CoordinateSelector">

<inputs>
<Input id="i003" name="grib_grid_coordinates" ty
modelRef="http://flood-ontology#GRIBGridCoordin
</inputs>

<outputs>
<Output id="0003" name="out_coordinates" type="t
modelRef="http://flood-ontology#GRIBCoordinates

</outputs>
</Element>
<Element id="e004" name="DATA_ WaterWorks_selector"

ontology#WaterWorksData" type="type:DataSelector">

<inputs>
<Input id="i004a" name="reseivoir" type="xsd:str
modelRef="http://flood-ontology#Reservoir"/>

<Input id="i004b" name="time_period" type="types
modelRef="http://flood-ontology#TimePeriod"/>
</inputs>

<outputs>
<Output id="0004" name="out_data" type="types:We

modelRef="http://flood-ontology#WaterWorksData"

</outputs>
</Element>
<Element id="e005" name="DATA_Hydrostations_select
ontology#HydrostationsData" type="type:DataSelector ">
<inputs>

<Input id="i005a" name="stations" type="types:Li
modelRef="http://flood-ontology#Hydrostations"/

<Input id="i005b" name="time_period" type="types
modelRef="http://flood-ontology#TimePeriod"/>
</inputs>

<outputs>
<Output id="0005" nhame="out_data" type="types:We
modelRef="http://flood-ontology#HydrostationDat

</outputs>
</Element>
<Element id="e006" name="DATA_combiner"
ontology#CombineWaterData" type="types:DataCombiner ">
<inputs>

<Input id="i006a" name="grib_data" type="xsd:any
modelRef="http://flood-ontology#GRIBData"/>

<Input id="i006b" name="water_works_data" type="

modelRef="http://flood-ontology#WaterWorksData"

</inputs>

<outputs>
<Input id="i006c" nhame="hydrostations_data" type

ector"”

pe="types:List"
ates"/>

ypes:Coordinates"
s

modelRef="http://flood-

ing

:Interval”

browset"
/>

or" modelRef="http://flood-

st"

:Interval”

browset"
a'l>

modelRef=" http://flood-

Type"

xsd:anyType"
/>

="xsd:anyType"
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modelRef="http://flood-ontology#HydrostationDat
<Output id="0006" nhame="mining_data" type="types
modelRef="http://flood-ontology#CombinedMiningD
</outputs>
</Element>

</elements>

<!l-- Composite Processing Element: -->

<processes>

<Process id="ce001" name="ORAVADatalntegrator"
ontology#Datalntegrator">

<inputs>

<Input id="ii001" name="dimension" type="xsd:str
ontology#GRIBDimension"/>

<Input id="ii002" name="time_period"
modelRef="http://flood-ontology#TimePeriod"/>

<Input id="ii003" name="grib_grid_coordinates"
modelRef="http://flood-ontology#GRIBGridCoordinates ">

<Input id="ii004" name="reseivoir" type="xsd:str
ontology#Reservoir"/>

<Input id="ii005" name="stations" type="types:Li
ontology#Hydrostations"/>

</inputs>

<l-- Output of the composite PE is mining_data

<outputs>
<Output id="00001" name="mining_data"
modelRef="http://flood-ontology#CombinedMiningData" >
</outputs>

<connections> <!-- connections between used PEs -
<!-- GRIB_file_selector -> GRIB_reader -->

<Connection id="c001" name="c1">
<source elementID="e001" OutputID="0001"/>
<destionation elementID="e002" InputlD="i002a"/
</Connection>

<!-- GRIB_coordinate_selector -> GRIB_reader --
<Connection id="c002" name="c2">
<source elementID="e003" OutputID="0003"/>
<destination elementID="e002" InputID="i002b"/>
</Connection>

<!-- DATA_WaterWorks_selector -> DATA_combiner

<Connection id="c003" name="c3">
<source elementID="e004" OutputID="0004"/>

a'l>
:WebrowSet"
ata"/>
mod elRef="http://flood-

ing" modelRef="http://flood-

type="types :Interval”

t ype="types:List"

ing" modelRef="http://flood-

st" modelRef="http://flood-

from DATA_combiner PE -->

type="type s:WebrowSet"
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<destination elementID="e006" InputID="i006b"/>
</Connection>

<!-- DATA_Hydrostations_selector -> DATA_combin er -->
<Connection id="c004" name="c4">
<source elementID="e005" OutputID="0005"/>
<destination elementID="e006" Input|D="i006c"/>
</Connection>
<!-- GRIB_reader -> DATA_combiner -->
<Connection id="c005" name="c5">
<source elementID="e002" OutputID="0002"/>
<destination elementID="e006" InputlD="i006a"/>
</Connection>
</connections>

</Process>

</processes>

</Project>

The above paragraph contains an approximate repiedms of the DMI process in Figure 1 in the
DMI-WF labguage, which is still described only g most distinctive features, and not all of them
were used in the program above. The ability tomegiveral activities in parallel is very importémt
the ORAVA scenario, as it significantly shortens thquired computation time.

The language so far does not provide tools forigpeg of user interaction, which would seem useful
to us. The main process has several input parasnetbich are the user’s inputs to the scenario. For
the class of scenarios represented by ORAVA (ard eur knowledge - for most environmental
scenarios), it is important to keep the expert usehe loop during the application execution, whic
can take a significant amount of time, and is oftexered according to the evaluation of partialltes

So some constructs for control channel establishnaga the creation of links between user interface
components and the rest of the system would beusksfuil.

/ "

I ( ! !

Radar images are generated by Slovak Hydrometeagcalolnstitute for every 15min for whole
Slovakia. The radar images can be used for locatimgipitation. The end user is interested to
calculate its motion, and forecast its future posiand intensity in the next period.

The data necessary for data mining and short-resegeéher forecasting are:
Historical radar images
Historical precipitation measured by meteorologgtations
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Fig.3 Example of radar image

The following data are being considered for impngvihe prediction:

historical output from meteorological models.
All this data is available, as has been describe®6.1 — Architecture and Design of the Pilot
Applications[2].
Table 2 shows the data mining process. The miniadahis build based on the past radar images (R-
y), precipitation from meteorological stations (§-gnd temperature (H-y) and wind (W-x) from

meteorological modelling. Then the model will beedigor predict the future radar image (R+x) and
measured precipitation (S+x).

Potential Measured Temperature Wind
precipitation | precipitation (MODEL) (MODEL)

(RADAR) | (STATION)

T-6 R-6 S-6 H-6 W-6
T-5 R-5 S-5 H-5 W-5
T-4 R-4 S-4 H-4 W-4
T-3 R-3 S-3 H-3 W-3
T-2 R-2 S-2 H-2 W-2
T-1 R-1 S-1 H-1 W-1
T R S H W
T+1 R+1 S+1
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T+2 R+2 S+2
T+3 R+3 S+3
T+4 R+4 S+4

Table 2 The basic variables of the RADAR scenaaita anining process

| GRB
S| select o
GRIB

data /O

A

data

\

\

Fig. 4 Workflow in RADAR scenario
The workflow of the RADAR scenario is similar taeetORAVA scenario. The data integration process
has four input parameters: dimension, time perodrdinates and list of stations. Radar images are
stored in radar image database and read by “Seldat data” activity that receives time period and
coordinate of pilot site as parameters.
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Fig. 5 Mapping of the RADAR scenario components itie ADMIRE Architecture

The mapping of RADAR scenario is similar to thevioes scenario; except for that radar images
replace waterworks data.

/ - n 1 n

In general, the ADMIRE Architecture is suitable 'RADAR scenarios as all components can be
mapped to the architectural core. The potentiablpra could be timing, because short-range weather
forecasting need to be realized as soon as possidm all data are available. Therefore, some
triggering mechanism that will start the predefifedecasting process when data from data from
meteorological stations and radars arrive to ADMIREtem is needed. Fault-tolerance mechanism
should be also considered for weather forecastirgperative mode.

!/ " +# % , |,

<?xml version="1.0" encoding="UTF-8"?>

<l--

This XML describes DMI process based on the RADAR u se case as described in D6.2 deliverable
(Figure 4)

=

<Project xmIns="http://dmi-wf.admire-project.eu"”
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xmins:types="http://types.admire-project.eu”
xmins:pmml="http://www.dmg.org/PMML-3_2"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema"

xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instan ce">
<!-- Processing Elements: -->
<elements>
<Element id="e001" name="GRIB_file_selector" model
ontology#GRIBFileSelector" type="type:FileSelector" >
<inputs>
<Input id="i001a" name="dimension" type="xsd:str
modelRef="http://flood-ontology#GRIBDimension"/
<Input id="i001b" name="time_period" type="types
modelRef="http://flood-ontology#TimePeriod"/>
</inputs>
<outputs>
<Output id="0001" hame="out_file" type="xsd:anyT
modelRef="http://flood-ontology#GRIBFile"/>
</outputs>
</Element>
<Element id="e002" name="GRIB_reader® modelRef="ht

type="type:FileReader">

<inputs>
<Input id="i002a" name="grib_file" type="xsd:any
modelRef="http://flood-ontology#GRIBFile"/>

<Input id="i002b" name="grib_coordinates" type="
modelRef="http://flood-ontology#GRIBCoordinates
</inputs>

<outputs>
<Output id="0002" name="out_data" type="types:We
modelRef="http://flood-ontology#GRIBData"/>
</outputs>

</Element>

<Element id="e003" name="GRIB_coordinate_selector"

modelRef="http://flood-ontology#GRIBCoordinateSel
type="type:CoordinateSelector">

<inputs>
<Input id="i003" name="grib_grid_coordinates" ty
modelRef="http://flood-ontology#GRIBGridCoordin
</inputs>

<outputs>
<Output id="0003" name="out_coordinates" type="t
modelRef="http://flood-ontology#GRIBCoordinates

</outputs>

</Element>

<Element id="e004" name="DATA_Radar_selector"
ontology#WaterWorksData" type="type:DataSelector">

mode

ector”

Ref="http://flood-

ing"
>
:Interval”

ype"

tp://flood-ontology#GRIBReader"

Type"

types:Coordinates"
s

browset"

pe="types:List"
ates"/>

ypes:Coordinates"

"

IRef="http://flood-
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<inputs>
<Input id="i003" name="grib_grid_coordinates" ty
modelRef="http://flood-ontology#GRIBGridCoordin

<Input id="i004b" name="time_period" type="types
modelRef="http://flood-ontology#TimePeriod"/>
</inputs>

<outputs>
<Output id="0004" hame="out_data" type="types:We
modelRef="http://flood-ontology#RadarData"/>

pe="types:List"
ates"/>

:Interval”

browset"

</outputs>
</Element>
<Element id="e005" name="DATA_Hydrostations_select or" modelRef="http://flood-
ontology#HydrostationsData" type="type:DataSelector ">
<inputs>
<Input id="i005a" name="stations" type="types:Li st"
modelRef="http://flood-ontology#Hydrostations"/ >
<Input id="i005b" name="time_period" type="types :Interval”
modelRef="http://flood-ontology#TimePeriod"/>
</inputs>
<outputs>
<Output id="0005" name="out_data" type="types:We browset"
modelRef="http://flood-ontology#HydrostationDat a"l>
</outputs>
</Element>
<Element id="e006" name="DATA_combiner" modelRef=" http://flood-
ontology#CombineRadarData" type="types:DataCombiner ">
<inputs>
<Input id="i006a" name="grib_data" type="xsd:any Type"
modelRef="http://flood-ontology#GRIBData"/>
<Input id="i006b" name="radar_data" type="xsd:an yType"

modelRef="http://flood-ontology#RadarData"/>
</inputs>

<outputs>
<Input id="i006c" name="hydrostations_data" type
modelRef="http://flood-ontology#HydrostationDat
<Output id="0006" name="mining_data" type="types
modelRef="http://flood-ontology#CombinedMiningD
</outputs>
</Element>

</elements>

<l-- Composite Processing Element: -->

<processes>

<Process id="ce001"

ontology#Datalntegrator">

name="ORAVADatalntegrator" mod

="xsd:anyType"
a"/>

:WebrowSet"
ata"/>

elRef="http://flood-

%:; < ’6< = = <
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<inputs>
<Input id="ii001" name="dimension" type="xsd:str ing"
modelRef="http://flood-ontology#GRIBDimension"/>
<Input id="ii002" name="time_period" type="types :Interval”

modelRef="http://flood-ontology#TimePeriod"/>

<Input id="ii003" name="grib_grid_coordinates" t
modelRef="http://flood-ontology#GRIBGridCoordinates ">

<Input id="ii004" name="stations"
modelRef="http://flood-ontology#Hydrostations"/>

</inputs>

ype="types:List"

type="types:Li st"

<l-- Output of the composite PE is mining_data from DATA_combiner PE -->

<outputs>

<Output id="00001" name="mining_data" type="type s:WebrowSet"

modelRef="http://flood-ontology#CombinedMiningData" />
</outputs>

<connections> <!-- connections between used PEs - =
<l-- GRIB_file_selector -> GRIB_reader -->

<Connection id="c001" name="c1">
<source element|D="e001" Output|D="0001"/>
<destionation element|D="e002" InputID="i002a"/
</Connection>

<l-- GRIB_coordinate_selector -> GRIB_reader --

<Connection id="c002" name="c2">
<source element|D="e003" Output|D="0003"/>
<destination elementlD="e002" InputlD="i002b"/>
</Connection>

<l-- DATA_Radar_selector -> DATA_combiner -->

<Connection id="c003" name="c3">
<source elementID="e004" Output|D="0004"/>
<destination elementlD="e006" InputID="i006b"/>
</Connection>

<l-- DATA_Hydrostations_selector -> DATA_combin

<Connection id="c004" name="c4">
<source elementID="e005" Output|D="0005"/>
<destination elementID="e006" InputID="i006c"/>
</Connection>

<l-- GRIB_reader -> DATA_combiner -->

<Connection id="c005" name="c5">
<source element|D="e002" Output|D="0002"/>
<destination elementID="e006" InputID="i006a"/>

</Connection>

</connections>

er -->

%:; < ’6< = = <
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</Process>
</processes>

</Project>
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Comarch’s approach to evaluating ADMIRE is in cademce with the methodology defined in
Section 3. The major part of this section is tdeslicated to checking if the ADMIRE software
components, capabilities and language expressigearesrich enough to implement all the types of
data flow processes present in our applicatiorthénFlood application the role of data integrati®n
crucial; Analytical CRM is not so demanding in thiga. On the other hand, we need to try to express
an incremental extract-transform-load (ETL) prodesthe DMI Language, which we believe to be a
good test case for evaluating the maturity andiigty of the enactment engine. The other highelev
goal we have defined for the evaluation is to aghl/ ADMIRE platform as a framework for agile
development and adjustment of business applicatieasily dependent on on-line analytics and data
mining.

In the first section (5.1) we briefly present ourrent vision of the ADMIRE-based analytical CRM,
concentrating mainly on describing the main datavél and showing how we plan to use various
elements of the ADMIRE platform. The next secti@i2f is dedicated to describing the thoughts
behind the selection of concrete evaluation scesand defining questions and challenges that these
scenarios pose for ADMIRE. Sections 5.3 and 5.4aiordetailed descriptions of the scenarios, taken
from the ACRM use cases, their realization on ADBEI&nhd an evaluation of mapping the process to
ADMIRE platform. Finally, Section 6 summarizes @axperiences with the evaluation scenarios and
discuss ADMIRE pros and cons as we see them.

1( 0", " 9
1(( "

Figure 3 shows concept of mapping of the ACRM stmecand desired ADMIRE services onto a set
of gateways:

Gateway used for exposing CRM for Telecoms databas&DMIRE. This gateway would
reside on the same machine as the CRM databas.serv

Gateway controlling access to the ACRM Data Mathwemporary storage and generated data
sets. This should be built on a machine separate fhe CRM database server.

Gateway (or gateways) exposing standard ADMIREisesv
Data mining features (model training, scoring deith a model),
Data cleaning (i.e data de-duplication),
Visualisations (eg.. rendering an image of a denisiees model),

Main ACRM gateway. ACRM business logic controllirdata flows and initiating DMI
processes uses this gateway.

Gateway through which tools like are integrated:
Process Designer for creating new data sets aachtlatng processes
Comarch Reports and Analyses for data exploratahraporting data mining results

In practice most of the gateways may reside onsdmme physical machine. Only the gateway
exposing the CRM database should be deployed gepatan the CRM production RDBMS) from
the rest of the ACRM components.
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Figure 3- Conceptual view of ACRM on ADMIRE

1( "

The primary data source for the analytical CRM e tdatabase of Comarch CRM for
Telecommunication. Data in the CRM DB is partiafyported from the Billing System (i.e. billing
information). The rest of the information in the KIRs data from the call center, consultants injpet (
about customer complaints and responses to the etiragk campaigns), information about the
marketing campaign design, running and evaluatfots eesults, information about leads, etc.

We treat the data source as complete; the prodasgporting data from the billing system is out of
the project scope and is not controlled in any wgythe ACRM system built on the ADMIRE
platform.

1(- )

The initial idea was to use ADMIRE data integratrnachanisms to allow us to build the data sets on
the fly, directly from the source system, withotdgrgg the data in any additional physical, auxjlia
structures. This approach is possible with the suppf the ADMIRE platform and had some
interesting benefits. The most interesting highlights high flexibility, in particular the possiity of
being able to rapidly adjust the process to thengimg underlying data source schema. However, this
idea has been abandoned due to the two main factors

impact on production system performance;
complexity of the single process.

The amount of data to be processed may be verg,largd most of the operations during re-running
data set creation process would be performed aawh tven if the change in the process design
would be minimal, we were also worried about thpaet on the production system workload.

Also the process would be very complex — all of tfaasformation would be performed in one data
flow. This is not desirable to force a DMI expeartaiways understand the whole data flow. Due to the
high specialization and to speed up the proceskitaf flow design, there could be many DMI experts
working on the single data flow, i.e. one with deth knowledge of data integration and one

specialized in analysis of data dependencies atadsgé creations. As a result of the analysis, ax@h
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decided to introduce a specialized Data Mart, stpa subset of the information from the source
database, containing only the information relatethe subject in hand. Information stored in th¢éaDa
Mart will be initially transformed, cleaned and aggated. This will allow the splitting of the whole
data flow into the two subflows, which may be rurdependently of each other, with different
frequencies. The process of feeding the Data Mahiere most of the data transformation and
integration is performed may be scheduled and.eurafter the end of the each billing cycle. TheIDM
expert preparing the data sets will not see theptexity of the initial data structure and will bble

to concentrate only on the relevant data. The pood generating data sets and building the model
will be much more agile. This is particularly impamt during the preparation of a marketing
campaign — a suitable target group may be genefastdr or the DMI expert may perform more
iterations and potentially achieve a more suitafdelel.

The first step in the data preparation stage iséhection of the appropriate data from the dateicsn
integrating and transforming them in a manner bigtéor further usage. This has to be done in two
stages. When CRM is used as a production syst&rydty important to minimize impact on the
workload of the OLTP database. Thus no data proggstiould be done on the data source side (i.e
no transformation, aggregations, data cleaning ldhibe executed). Also the number of transferred
data should be minimized (in real-world deployme@®8M database may store information about
millions of customers). The idea is to transferyoméw and modified data to the temporary storage
database. The structure of the temporary storagédviie very similar to the source system; in faet w
plan to use a subset of the initial database streiciThe temporary storage will consist only of the
tables which store the information identified aduwahle for the data mining purposes. Also
unnecessary attributes will be omitted in the terapostorage schema. So the nature of the prosess i
to perform the bulk copying of the subset of rowd aolumns to the table in the temporary storage.

The next step is to organise the data in a marinelas to that described in the previous document
about the ACRM architecture [2]. We have definelbgical structure of the data (the Data Mart),

which would be the basic starting point for the stamction of data sets. We aim to transform the
physical data so that it would be coherent witbgidal structure below. We assume that keeping only
the information valuable to the DM process, orgegj4t in manner much more suitable for analysis

by the domain experts, will speed up the processanfel development.

The processes responsible for building the Datat llisg considered as system processes. The Data
Mart structure is meant to be a shared base foergéng individual data mining processes, so it
should not be modified by regular users.

1(/ , '

The whole process described above (once it's dedigimplemented and deployed) is meant to be
performed periodically, automatically, and withaiser supervision. The actual role of domain expert
and DMI expert in building the data sets and tragninodel starts when the Data Mart is populated
with data. The idea is to build templates of dataimg processes, parameterise them and let the end
users run them with different values of controlgmaeters.

The application supplied to the potential customveuld include predefined processes for training
data sets and models supporting users in solvialglgms described in the ACRM use cases (churn
prediction, up-selling, cross-selling) in the ADMEIRUse Case And Requirements document [4].
However, in contrast to the system processes reggenfor populating the Data Mart, processes
implementing data mining model training and expitddn would be considered as application
processes. This means end users have the abitityabpredefined processes as templates and modify
copies to adjust them to changing needs or spegmiiblems. DMI experts should be able to load a
process into the Process Designer and modify sdirits @lements (i. e. use the proposed Data
Preparation Tool to change generated data setrdsrdaecording to the guidelines of domain experts)
and deploy new version of the process.

The data set generation process is also planned taghly automated. Using the Data Preparation
Tool a DMI expert will build a query responsible fgenerating the data set. This query will be then
used for extracting information from the Data Mattd data will be saved in a separate table.
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We have selected decision trees as the main daiagrtechnique in the ACRM. All of our business
use cases fall into the category of some form starmmer segmentation. Technically speaking, this
means we want to perform prediction and classificatbinary classification to be precise (i.e. if
customer falls into churn, if customer is willing subscribe to additional/more expensive service,
etc.). Decision trees fit well to this requiremehhis model is convenient for the user: it's easy t
understand what the criteria behind classifyingipalar cases were. Also the decision trees model
has a natural and very informative form of graphmasentation. Visualization of the tree allows to
end users to look for some dependencies, getting ohetailed insight and understanding of the nature
of prediction.

1 * oo

Evaluation scenarios have been selected with timgg$hn mind:
1. scenarios should use the whole set of technicalifes that are required to build the core of
the ACRM,;
2. scenarios should be easy to understand; it is eo¢ssary to select the more complex data
flows if they do not require additional functiortglirom the ADMIRE platform.

For the purpose of evaluation of the current stditthe ADMIRE model and architecture, we have
identified two data flows and investigated themasding to the methodology defined in Section 3.
The first data flow is taken from the data integmatphase — building the Data Mart structures; the
second one is directly related to the data mineajures (decision trees — model training, evaloatio
and adjustment).

In each of the scenarios we have identified sonmege situations, typical for the multiple processe
present in the ACRM. Every data mining and intagratramework, in particular ADMIRE, should
contain mechanisms and methodology for buildingtsarhs suitable for identified situations. Another
important issues is how efficient, adjustable, ifdex and manageable the solutions built on toghef t
ADMIRE may be. For each of the problems we havéndefa few questions which help to evaluate
not only the possibility but also quality of thenstructed workflows.

The first workflow (data transformation and integya process) allows us to investigate how well the
ADMIRE Architecture copes with the following siti@ns:

1. extracting information from the data source (prdaun) system:
a. is it possible to minimize workload on the prodantsystem?
b. how well does ADMIRE supports incremental extratcto

c. isit possible to use ADMIRE for changing data ngeraent — identifying which data
has been modified, tracking down the new data?

2. transforming information from one data schema tutlaer one:

a. how rich is the set of built-in transformation aties, which ones have to be
designed manually?

b. how much effort has to be put into the transfororatprocess redesign when one
source or target data schema is changed?

3. integrating information from different data sources

a. we feel that the flood application is much bettesearch field for this aspect of
ADMIRE, however some very basic cases of data ratemn are also present in our
scenario.

The second workflow (data mining process) allows tasinvestigate how well the ADMIRE
Architecture copes with the following situations:

1. Decision Trees model training:

a. how can the user influence the DT training? Whaitiab parameters are exposed by
the particular algorithm and its implementationikalde in the ADMIRE?

2. Decision Trees model evaluation:

%:; <D < = = = < 25



a. is the confusion matrix evaluation method fully paged?

b. is it possible to train the model automaticallyReTuser would express a training goal
(i.e minimal/maximal thresholds for the confusioatrix) and let ADMIRE train the
model, ADMIRE would manage the iterations of tramiby adjusting the control
parameters for the training algorithm;

3. Decision Trees model appliance to fresh data, modahtenance

a. is it possible to inline control parameters used rfidel creation into the model
representation?

At this stage of the project, in both scenarioshaee designed the workflow and attempted to express
it in the current version of DMI-WF, we do not ploally implement it on the platform.

1- * (@ ,

For the purpose of evaluating the data transfoonadéind integration feature we have selected the
process which builds the table which stores infdimmaabout the telecommunication services and
tariffs. Using the terminology from the data waresing area, it's an example of the ETL process
(Extract-Transform-Load). Such processes may béeimgnted in two ways:

Full load — each time the data warehouse conteatsefreshed it is fully rebuilt;

Incremental load — each time the contents aregieda: only the new or modified data since the
previous refresh are extracted and integrated tvélolder data store in data warehouse.

The first approach is very simple to implement ba ADMIRE platform; the much more interesting
case is performing incremental load, which requiresore sophisticated framework.

1-( o

The process needs to extract information from tRdMQlatabase and some auxiliary data from the
Data Mart. The information is stored in the taldescribed below.

Figure 4 - ER Diagram of source tables
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Table from CRM/ Temporary Storage database.

SCHEMA TABLE DESCRIPTION

Source schema;

Temporary storage schema:
? DESCRIPTION : text

IS_SUBSCRIPTION_BASED : integer
NAME : text

? OPTIONAL_DESCRIPTION : text

? SCREEN_NAME : text

ID : integer
PRICE : decimal

Picture 1 - PC_PRODUCTS T structurdusiness logic assures that there always is 9

Represents a product offered by a company. B
account CDM_ACCOUNTS) Tmay have multiplg
products attached.

We consider product as a service when
IS_SUBSCRIPTION_BASEDflag is set to 1.

Other important attributes are:

PRICE — product price (subscription fee)

NAME- internal name

SCREEN_NAME name visible to customers
Some attributes do not haleOT NULL clause in thei
definition (i.e. IS_SUBSCRIPTION_BASED, but

information, so they equivalent fields in the Temgyy
Storage schema are explicitly markedN&3T NULL

Fach

the

ome
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Table from CRM/ Temporary Storage database.

SCHEMA TABLE DESCRIPTION

Source schema;

Temporary storage schema:
? DESCRIPTION : text
NAME : text
OFFER_FROM : data
?0FFER_TO : date

ID : integer

Describes available tariffs, including tariff nam
description and other fields. Each tariff plan dam
connected with a particular product. The connect®
stored in PC_PRODUCT_TARIFF_PLANS_ Ttable.
One tariff plan may also have different variants.

Although some fields do not have a constran®T
NULL, from a business point of view it would

pointless in general not to include interval, whée
given tariff is offered (fields OFFER_FROMand
OFFER_FROMAIso a tariff without a name would K
very impractical, so we assume that this fields
generally present.

e,

n
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Table from CRM/ Temporary Storage database.

Source schema:

Temporary storage schema:
? DESCRIPTION : text

? NAME : text

? TARIFF_PLAN_ID : integer
ID : integer

TABLE DESCRIPTION
The table describes variants of tariff plans. E

ch

tariff plan may have multiple variants. Again,

although the fields may be null, from a busin
point of view they almost never are.

£SS

A tariff plan variant is something like an instarice

of tariff plan. It may be connected to particu

products (table

PC_PROD_TARIFF_PLAN_VARIANT_)I

lar

$3 .0$3 ##3 % !*3

Table from CRM/ Temporary Storage database.

SCHEMA
Source schema:

Temporary storage schema:
? PRODUCT_ID : integer

? TARIFF_PLAN_ID : integer
ID : integer

TABLE DESCRIPTION

A table that binds a tariff plan with a particu
product. This pair can also form a package al
with other products. Fields marked with ? (wh
means ‘may be null) are not expected to be n
in general.

ar
ong
ch
ulls
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Table from Data Mart database.

SCHEMA
ID : integer
LINE_NAME : text
TARIFF_PLAN_ID : text

TABLE DESCRIPTION

This table stores product lines. A product lina
group of products, which are equivalents
themselves from a company’s point of view (
a company they cost almost the same, but |
different prices for a customer). Each line has
name and description.

* $3%!*

Table from Data Mart database.

TABLE DESCRIPTION

of
for
nave
it’

LINE_ID : integer
LINE_NAME : text
TARIFF_ID : text

This table binds line together with product g

tariff (the latter form a service). The fields

identify tuples from other tables, where produt
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lines and tariffs description can be found. All
them are marked as ‘not null’, as otherwise
would make no sense.

*
©“

Table from Data Mart database.

COLUMN NAME

DATA TYPE

DESCRIPTION

ID Integer (Not NULL) Row identifier

NAME Text (Not NULL) Name of the service
INTERNAL_NAME Text Internal name of the service
DESCRIPTION Text Detailed description of the produc
PRICE Decimal (Not NULL) [ Monthly subscription fee

LINE_ID Integer Product line identifier

CRM_PRODUCT_ID

Integer (Not NULL)

Source ID (roweidtifier in Product
from CRM)

Ht
Table from Data Mart database
COLUMN NAME

DATA TYPE

DESCRIPTION

ID Integer (Not NULL) Row identifier

NAME Text (Not NULL) Name of the service

DESCRIPTION Text Detailed description of the thrif

CRM_TARIFF_ID Integer (Not NULL) Source ID (row id#fier in
PC_TARIFF_PLAN_T from CRM)

CRM_TARIFF_VARIANT_ID | Integer Source ID (row idefigr in

PC_TARIFF_VARIANT_PLAN_T
from CRM)

* $3 ##
Table from Data Mart database
COLUMN NAME

DATA TYPE

DESCRIPTION

ID Integer (Not NULL) Row identifier

CRM_PROD_ID Integer (Not NULL) Product identifier

TARRIF_ID Integer (Not NULL) Tariff identifier
1-- *

The whole process may be described in a few stepss

1. Retrieve information about products, tariffs andftavariants from the CRM database. We
considered a product as a service when it's maakedubscription based”.

a. [Full load] Extract all data
b. [Incremental ETL] Only new or updated records stidaé fetched (“dirty” rows).

of
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We have managed to express the core of the scaasmaavorkflow of OGSA-DAI activities. Figure 5

provides a quick view of the data flow. The follogi steps contain description of the OGSA-DAI
activities used, together with their inputs antpats.

* (

Retrieve information about grouping the servicae service lines. This information is stored
in the Data Matrt.

Merge services data with the lines of configuraiitformation.

Update the service and tariff information in thedi&lart. That means:
a. [Full load] Insert information about services/tégi&nd their relations
b. [Incremental ETL] A few things have to be done:

i. ldentify which tuples have their equivalents inadatart and which are new
ones

ii. Insertinformation about new services/tariffs aneiit relations

iii. Update rows containing information about existiegvices (i.e. update price
of the service, assignment of services to targfs,)

A4* !

Description: Retrieve information about products, tariffs atadiff variants from CRM
database.

Activity : SQLQuery
Input: query string
Output: tuple with data

Description: Fetch information about lines from data mart.
Activity : SQLQuery

Input: query string

Output: tuple with data

Description: Merge information about products and lines.
Activity : TupleMergeJoin

Input : tuples, join condition, output columns

Output: tuple

Description: Update the service table in data mart. Thereiagtivity that accomplishes this
so we need to perform couple of things.

First we clean services from rows that need tofuiate.
Activity : TupleProjection

Input: tuple

Output: tuple with product id only

Activity : SQLParameterisedUpdate
Input : delete statement, parameters

% =;

<D < = = = < 30



Output: number of affected rows

Second thing is inserting all rows.
Activity : SQLParameterisedUpdate
Input: insert statement, parameters
Output: number of affected rows

Description: Fetch information about tariffs from database.
Activity : SQLQuery

Input: query string

Output: tuple with data

Description: Update the tariff table in data mart.

First we clean tariff table from rows that needb® updated, Second thing is inserting all
rows.

Activity : TupleProjection
Input: tuple
Output: tuple with tariff id only

Activity : SQLParameterisedUpdate
Input: delete statement, parameters
Output: number of affected rows

Activity : SQLParameterisedUpdate
Input: insert statement, parameters
Output: number of affected rows

Description: Insert the connection between tariffs and sesviot service_tariff table.
First we clean tarrif table from rows that need¢oupdated.

Activity : TupleProjection

Input : tuple

Output: tuple with tarrif id and product_id
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Data extraction
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SQLQuery
[sqlQuery1]

=

expression
[42]

S| SoLQuery

[salQuery2]
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projectColumnidsl [pcldsl]

Data transformation

war |

columnidsl S
[clds1]

columnids2 S

[clds2]

TupleMergeJoin
[ioin]

o2 T

projectColumnids?2 [pclds2]

ult

SERVICE table update
columnlds .
[pLcollds] expression [d1]
data TupleProjection parametgrls SQLParameteriseUpdate
7| [projection]  fresut [delete]
e
expression [i1] .
parameters [insert1]
columnids ion [d2! SERVICE _TARIFF
\ oo expression [d2] e
TupleProjection paramets > SQLParameteriseUpdate
[projection2] esult [delete?]
result expression [i2] -
parametery SQLParameteriseUpdate
[insert2]

Figure 5 - Mapping process to workflow of OGSA-DAIlactivities (populating SERVICEand SERVICE_TARIFF tables)
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expression data TupleProjection S| SQLParameteriseUpdate
[93] | SQLQuery <"’; [projection3]  [result d [delete3]
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A
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v pj/ [i3]
u SQLParameteriseUpdate

parameter$ [insert3]

Figure 6 - Mapping process to workflow of OGSA-DAlactivities (populating TARIFF table)

%:; <D <= = = < 33



A
S
q
A
A
I
I
A

1-1 ! ' !

The core of the incremental ETL process scenamdoeacompleted using the functionality offered by
ADMIRE. However, we see a few things that mayrproved. To efficiently and elegantly realise a
more advanced scenario like incremental load ofitita warehouse, some additional activities would
be suitable; we have stated some proposals ingkieparagraphs.

* n 1

Available interfaces for incremental extractiontbé data from the CRM are exposed via stored
procedures. We need to pass two parameters (timgsjawhich define the window in time — the
stored procedure returns “dirty” rows, created odified in the specified time period. So we need an
activity that enables the invocation of stored prhges in the database. Such feature would let us
implement incremental data fetching. There is agbtype of such activity (not present in the main
branch), so it just needs to be included in the relgases of OGSA-DAI for ADMIRE.

% 6 '

The current method of updating the contents ofRhta Mart is by deleting records that need to be
updated and inserting all records (including neswi). This solution is not a desirable one. When
updated data is located in a table which is intielawith some other tables it may cause problems
with breaking the constraints. This is not uncommgdren building data warehouses and data marts,
so typical ETL frameworks contain specialized comgrus, so called “LookUp” operations.

The role of the LookUp operation is to take twaeatns of tuples and try to match tuples from first
stream with the ones in the second stream. Thisatpa would enable checking for records that
already exist in the Data Mart, so the update djmeracould go smoothly — new rows would be
inserted, matched ones updated without the neeartove and reinsert any rows.

LookUp activity proposal:
Inputs:
datal — tuple with data to be verified,
data2 — tuple with data on which search will befqrened
searchColumnsl — names of column from datal tHeb&/match with columns from data2
searchColumns2 — names of column from data2 tHabg&imatch with columns from datal
Outputs:
resultl — tuple with rows from datal that were rhattwith rows from data2
result2 - tuple with rows from datal that werendtomed with rows from data2
searchColumnsl

!

datal resultl
N —
data2 LookUp result?
— > —

T

searchColumns2

Diagram 1 - LookUp activity proposal

Example:
Input data:
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datal { (id=1 text="aaa’) (id=2 text="bbb’) (id=&xt="ccc’) }
data2 { (id=1 text="aaa’) (id=3 text="ccc’) }
searchColumns1 {'id’}

searchColumns2 {'id’}

Output data:

resultl { (id=1 text="aaa’) (id=3 text="ccc’) }

result2 { (id=2 text="bbb’) }

1- * (v ™" %

The following listing is a direct implementationtbie process presentediigure 5in DMIL.

use uk.org.ogsadai.SQLQuery SQLQuery;

use uk.org.ogsadai.TupleMergeJoin TupleMergeJoin;

use uk.org.ogsadai.SQLParameterisedUpdate SQLParemeterisedUpdate;
use uk.org.ogsadai.TupleProjection TupleProjection;

Date date = args|[0];
SQLQuery sqlQueryl = new SQLQuery;

SQLQuery sqlQuery2 = new SQLQuery;
SQLQuery sqlQuery3 = new SQLQuery;

SQLParameterisedUpdate deletel = new SQLParameteris edUpdate;
SQLParameterisedUpdate delete?2 = new SQLParameteris edUpdate;
SQLParameterisedUpdate delete3 = new SQLParameteris edUpdate;
SQLParameterisedUpdate insertl = new SQLParameteris edUpdate;
SQLParameterisedUpdate insert2 = new SQLParameteris edUpdate;
SQLParameterisedUpdate insert3 = new SQLParameteris edUpdate;

TupleProjection projectionl = new TupleProjection;
TupleProjection projection2 = new TupleProjection;
TupleProjection projection3 = new TupleProjection;

TupleMergeJoin join = new TupleMergeJoin;

String g1 = “ SELECT pt.price as price, p.name as product_name, t .name as
tariff_name, p.id as p_id, t.id as t_id, p.descript ion as description
FROM pc_product_tariff_plan_variant_t pt, pc_tariff _plan_t t,
pc_products_t p, pc_product_tariff_plans_t tmp
WHERE pt.product_tariff_plan_id = tmp.id AND tmp.pr oduct_id =
p.id AND tmp.tariff_plan_id = t.id
ORDER BY p.id ”;

String g2 ="SELECT line_id, product_id, tariff_id
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FROM lines, service_lines
WHERE id = line_id
ORDER BY product_id”";

String g3 = “SELECT t.name as name t.description as description, tid as
t id, pt.id variant_id
FROM pc_product_tariff_plan_variant_t pt, pc_tariff _plan_tt
WHERE pt.product_tariff_plan_id = tmp.id AND tmp.tariff_plan_id
=t.id
ORDER BY p.id *;
String d1 = “DELETE FROM service WHERE crm_product_ id="2?"
String i1 = “INSERT INTO service(name, internal_nam e, description, price,

crm_product_id, line_id) values(?,?,?,?2,?2,?) “;

String d2 = “DELETE FROM service_tarrif WHERE serv_ id = ? AND tarrif_id = ?
String 2 = “INSERT INTO service_tarrif(crm_product _id,tarrif_id)
values(?,?) “;

String d3 = “DELETE FROM tarrif WHERE crm_tarrif_id =27

String i3 = “IN SERT INTO tarrif(name, description, crm_tarrif_id,

crm_tarrif_variant_id) VALUES(?,?,?,?)";
gl => expression -> sqlQuery1;
g2 => expression -> sqlQuery2;

String[] clds1 = [“p_id"];

String[] clds2 = [“product_id";

String[] pcldsl = [“product_name”, “tarrif _name”, ” description”, “price”,
p_id;

String[] pclds2 = [“line_id"];

cldsl => columnldsl -> join;
clds2 => columnlds2 -> join;
pcldsl => projectColumnldsl -> join;
pclds2 => projectColumnlds2 -> join;

join -> result => data -> projection1;
String[] p1collds = [“crm_product_id"];

plcollds => columnlds -> projectionl;

projectionl -> result => parameters -> deletel;
d1 => expression -> deletel;

join -> result => parameters -> insert1;
il => expression -> insert1;

g3 => expression -> sglQuery3;

sqlQuery3 -> data => data -> projection3;
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String[] p3collds = [“t_id"];
p3collds => columnlds -> projection3;

projection3 -> result => parameters -> delete3;
d3 => expression -> delete3;

sqlQuery3 -> data => parameters -> insert3;
i3 => expression -> insert3;

join -> result => data -> projection2;
String[] plcollds = [“p_id","t_id"];
plcollds => columnlds -> projection2;

projection2 -> result => parameters -> delete2;
d2 => expression -> delete2;

projection2 -> result => parameters -> insert2;
i2 => expression -> insert2;

Listing 1 — Data transformation and integration process expressed in DMIL.

1-5 * (e ™" +#

<?xml version="1.0" encoding="UTF-8"?>

<Project xmIns="http://dmi-wf.admire-project.eu"
xmins:types="http://types.admire-project.eu"
xmlns:pmml="http://www.dmg.org/PMML-3_2"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema"

xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instan ce">
<elements>
<Element id="sqlQuery1" name="sqlQuery1"
modelRef="http://dmi-ontology#SQLQuery" type="type :SQLQuery">
<inputs>
<Input id="expression" name="expression" type="x
modelRef="http://crm#SQLQueryString"/>
</inputs>
<outputs>

<Output id="data" name="data" type="types
modelRef="http://crm#GRIBData"/>
</outputs>

</Element>

<Element id="sqlQuery2" nhame="sqlQuery2"
modelRef="http://dmi-ontology#SQLQuery" type="type

‘Webrowset"

:SQLQuery">

sd:string"”

%=; <D <= = = <
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<inputs>
<Input id="expression" name="expression" type="x
modelRef="http://crm#SQLQueryString"/>
</inputs>
<outputs>
<Output id="data" name="data" type="types :Webrowset"
modelRef="http://crm#GRIBData"/>
</outputs>
</Element>
<Element id="sqlQuery3" name="sqlQuery3"
modelRef="http://dmi-ontology#SQLQuery" type="type :SQLQuery">
<inputs>
<Input id="expression" name="expression" type="x
modelRef="http://crm#SQLQueryString"/>
</inputs>
<outputs>
<Output id="data" name="data" type="types :Webrowset"
modelRef="http://crm#GRIBData"/>
</outputs>
</Element>
<Element id="delete1" name="delete1"
modelRef="http://dmi-ontology#SQLParameterisedUpda te"
type="type:SQLParameterisedUpdate">
<inputs>
<Input id="expression" name="expression" type="x
modelRef="http://crm#SQLQueryString"/>
<Input id="data" name="data" type="types:Webrows
modelRef="http://crm#GRIBData"/>
</inputs>
<outputs>
<Output id="result" name="result" type="t ypes:Webrowset"
modelRef="http://crm#GRIBData"/>
</outputs>
</Element>
<Element id="delete2" name="delete2"
modelRef="http://dmi-ontology#SQLParameterisedUpda te"
type="type:SQLParameterisedUpdate">
<inputs>
<Input id="expression" name="expression" type="x
modelRef="http://crm#SQLQueryString"/>
<Input id="data" hame="data" type="types:Webrows

modelRef="http://crm#GRIBData"/>
</inputs>

<outputs>

sd:string"

sd:string"”

sd:string"

et"

sd:string"”

et"
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<Output id="result" name="result" type="t ypes:Webrowset"
modelRef="http://crm#GRIBData"/>
</outputs>

</Element>
<Element id="delete3" name="delete3"

modelRef="http://dmi-ontology#SQLParameterisedUpda te"
type="type:SQLParameterisedUpdate">

<inputs>
<Input id="expression" name="expression" type="x sd:string"
modelRef="http://crm#SQLQueryString"/>
<Input id="data" nhame="data" type="types:Webrows et"
modelRef="http://crm#GRIBData"/>
</inputs>
<outputs>
<Output id="result" name="result" type="t ypes:Webrowset"
modelRef="http://crm#GRIBData"/>
</outputs>
</Element>

<Element id="insert1" name="insert1"
modelRef="http://dmi-ontology#SQLParameterisedUpda te"
type="type:SQLParameterisedUpdate">

<inputs>

<Input id="expression" name="expression" type="x sd:string"

modelRef="http://crm#SQLQueryString"/>
<Input id="data" name="data" type="types:Webrows et"
modelRef="http://crm#GRIBData"/>
</inputs>

<outputs>
<Output id="result" name="result" type="t ypes:Webrowset"
modelRef="http://crm#GRIBData"/>

</outputs>

</Element>
<Element id="insert2" name="insert2"
modelRef="http://dmi-ontology#SQLParameterisedUpda te"

type="type:SQLParameterisedUpdate">

<inputs>

<Input id="expression" name="expression" type="x sd:string"

modelRef="http://crm#SQLQueryString"/>
<Input id="data" name="data" type="types:Webrows et"
modelRef="http://crm#GRIBData"/>
</inputs>

<outputs>
<Output id="result" name="result" type="t ypes:Webrowset"
modelRef="http://crm#GRIBData"/>

</outputs>
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</Element>

<Element id="insert3" name="insert3"
modelRef="http://dmi-ontology#SQLParameterisedUpda te"
type="type:SQLParameterisedUpdate">

<inputs>
<Input id="expression" name="expression" type="x
modelRef="http://crm#SQLQueryString"/>
<Input id="data" hame="data" type="types:Webrows
modelRef="http://crm#GRIBData"/>
</inputs>

<outputs>

<Output id="result" name="result" type="t ypes:Webrowset"

modelRef="http://crm#GRIBData"/>
</outputs>

</Element>

<Element id="projection1" name="projection1"
modelRef="http://dmi-ontology#TupleProjection"
type="type:TupleProjection">

<inputs>
<Input id="columnlds" name="columnlds" type="xsd
modelRef="http://crm#StringArray"/>
<Input id="data" hame="data" type="types:Webrows
modelRef="http://crm#GRIBData"/>
</inputs>

<outputs>

<Output id="result" name="result" type="t ypes:Webrowset"

modelRef="http://crm#GRIBData"/>
</outputs>

</Element>

<Element id="projection2" name="projection2"
modelRef="http://dmi-ontology#TupleProjection”
type="type:TupleProjection">

<inputs>
<Input id="columnlds" hame="columnlds" type="xsd
modelRef="http://crm#StringArray"/>
<Input id="data" name="data" type="types:Webrows
modelRef="http://crm#GRIBData"/>
</inputs>

<outputs>

<Output id="result" name="result" type="t ypes:Webrowset"

modelRef="http://crm#GRIBData"/>
</outputs>

</Element>

sd:string"”

et"

:StringArray”

et"

:StringArray”

et"
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<Element id="projection3" name="projection3"
modelRef="http://dmi-ontology#TupleProjection”
type="type:TupleProjection">

<inputs>
<Input id="columnlds" hame="columnlds" type="xsd :StringArray"
modelRef="http://crm#StringArray"/>
<Input id="data" name="data" type="types:Webrows et"
modelRef="http://crm#GRIBData"/>
</inputs>

<outputs>
<Output id="result" name="result" type="t ypes:Webrowset"
modelRef="http://crm#GRIBData"/>

</outputs>

</Element>
<Element id="join" name="join"

modelRef="http://dmi-ontology#TupleMergeJoin"
type="type:TupleMergeJoin">

<inputs>
<Input id="columnlds1" name="columnlds" type="xs d:StringArray"
modelRef="http://crm#StringArray"/>
<Input id="columnlds2" name="columnlds" type="xs d:StringArray"
modelRef="http://crm#StringArray"/>
<Input id="datal" name="data" type="types:Webrow set"
modelRef="http://crm#GRIBData"/>
<Input id="data2" name="data" type="types:Webrow set"
modelRef="http://crm#GRIBData"/>
<Input id="projectColumnlds1" name="columnlds" t ype="xsd:StringArray"
modelRef="http://crm#StringArray"/>
<Input id="projectColumnlds2" name="columnlds" t ype="xsd:StringArray"
modelRef="http://crm#StringArray"/>
</inputs>
<outputs>
<Output id="result" name="result" type="t ypes:Webrowset"
modelRef="http://crm#GRIBData"/>
</outputs>
</Element>

</elements>

<l-- Composite Processing Element: -->

<processes>
<Process id="crm01" name="CRMDatalntegration" mode IRef="http://crm#Datalntegrator">
<inputs>
<Input id="dateFrom" name="dateFrom" type="xsd:date time"
modelRef="http://crm#DateTime"/>
</inputs>
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<connections>

<Connection id="c001" name="c1">

<source elementID="sqlQuery1" OutputID="data"/>
<destionation elementID="join" InputID="datal"/

</Connection>

<Connection id="c002" name="c2">

<source elementID="sqglQuery2" Output|D="data"/>
<destionation elementID="join" InputID="data2"/

</Connection>

<Connection id="c003" name="c3">

<source elementID="join" Output|D="result"/>
<destionation elementlD="projection1" InputID="

</Connection>

<Connection id="c004" name="c4">

<source element|D="join" OutputID="result"/>
<destionation elementID="projection2" InputlD="

</Connection>

<Connection id="c005" name="c5">

<source elementID="projection1" OutputID="resul
<destionation elementID="delete1" InputID="para

</Connection>

<Connection id="c006" name="c6">

<source elementID="join" Output|D="result"/>
<destionation elementID="insert1" InputlD="para

</Connection>

<Connection id="c007" name="c7">

<source element|D="projection2" OutputID="resul
<destionation element|D="delete2" InputlD="para

</Connection>

<Connection id="c008" name="c8">

<source element|D="projection2" OutputID="resul
<destionation elementID="insert2" InputID="para

</Connection>

<Connection id="c009" name="c9">

<source elementID="sglQuery3" Output|D="data"/>
<destionation elementlD="projection3" InputID="

</Connection>

<Connection id="c010" name="c10">

<source element|D="projection3" OutputID="resul
<destionation element|D="delete3" InputlD="para

</Connection>

<Connection id="c011" name="c11">

<source elementID="sqlQuery3" OutputID="data"/>
<destionation elementID="insert3" InputID="para

</Connection>

data"/>

data"/>

t"/>
meters"/>

meters"/>

/>
meters"/>

/>
meters"/>

data"/>

/>

meters"/>

meters"/>
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</connections>

</Process>

</processes>

</Project>

Listing 2 — Data transformation and integration process expressed in DMI-WF.
1/ * 2 ’ nn
1/( *

The first step is not meant to be a part of the AREI OGSA-DAI based workflow but is stated for
the purpose of clarity.

Steps:
1. ACRM user selects in the GUI:
a. Training/test data set (mandatory)
b. Confusion matrix parameters (optional, should ha@asonable defaults)

c. Parameters for decision trees training algorithmti¢mal, should have reasonable
defaults)

2. Training DT model on selected data set and accgrdinthe control parameters
3. Scoring the test data set and calculating the sioriumatrix
4. Evaluation of the results
a. Satisfying
i. Store model and parameters information
ii. Present model visualisation
b. Not satisfying: Adjusting parameters and performiegt iteration

1/ , "
*
In this step we need to retrieve data that wilubed to building a model.
*
Production of a model based on training set.
*
Extractions of data from database that will be sifgis
*
Perform classification using a model,
* 1

Determining the confusion matrix values. This sdobk performed by one activity but
currently it is simulated by simple operations sasHiltering and counting records.
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The last step is the evaluation of results baseth@iconfusion matrix.
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Figure 7 — Data mining process
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At the time of writing the design of the OGSA-DAdtavities related to data mining is not yet finishe
We have based our evaluation on the short docurfigaia mining in OGSA-DAI some initial
workflows” [5]. This document briefly describes planned atiig and contains sample workflows
designs. In order to accomplish this scenario wexlreefew activities in addition to the ones already
described in the document.

$ ")

It would be convenient to have an activity hidirly calculations related to determining confusion
matrix. This activity is now simulated by evalua@tiresults given from model in three steps. Firgity
tuple is filtered, after that there is the countofgesults and merging into single tuple. Thereuth

be an activity that takes as input results fromasgification and transform them into a confusion
matrix.

Confusion Matrix activity proposal:
Inputs:
data — tuple which is a result of classificatiorigtion
modelColumn — tuple column containing class spdaify model
realColumn — tuple column containing class setlagsification algorithm
Outputs:
result — tuple with confusion matrix

modelColumn [string]

!

data result
[tuple] —t ConfusionMatrix T—> [tuple]

f

realColumn [string]
Diagram 2 - ConfusionMatrix activity proposal

# '
Need for this activity has been initially identdieluring the process of designing confusion matrix
activity, described above. This activity has taefila tuple according to given conditions. It slkloul
return a filtered tuple. Such an activity would bEso very handy during more complex data
transformation processes. Right now, the only wayiltering information is available when an
appropriate “SELECT” expression is used in SQL\tiyti When one needs a feature of filtering the
tuples after extracting information from databas®e currently needs to put the data into a tempgorar
table and then construct another query with thessary conditions in the “WHERE” clause.

TupleFilter activity proposal:
Inputs:

data — tuple that will be filtered

condition — logical expression with functionalitych as comparison of tuple columns
Outputs:

result — filtered tuple
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condition
[string]

|

data , S result
[tuple] ™| TupleFilter [tuple]

Diagram 3 - TupleFilter activity proposal

$ '
There is requirement in OGSA-DAI for an activityattwould return the number of records in a tuple.
It should take on input a tuple and return a oeeneht tuple with number of rows.
Count activity proposal:
Inputs:

data — tuple which rows need to be count
Outputs:

result — tuple with number of records

data result
[tuple] > Count > [tuple]

Diagram 4 - Count activity proposal

/7 = : ; %, ,

There is no document which describes how the OG3Adata mining activities will be expressed in
the DMIL, so this part of the evaluation has topgmstponed till the next milestone. We assume that
the appropriate language constructs will be defatgtie time of next milestone.
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This section summarises the findings of the evaloatrom all four scenarios presented in this
document. The text below is based on the contdrgsations 4.1.3, 4.2.3, 5.3.5 and 5.4.3.

The ADMIRE Architecture is well capable of integraf the distributed components of the
application scenarios, and we are able to maghalstenario components to the architectural
core.

Possibly slow data transfer between distributecegatys and activities the deployment of
the OGSA-DAI activities used in the scenarios stdm optimized, or duplicated; it may
happen that large amounts of data will be shufffedugh the network uselessly, if the end-
user expert operates the system from one of theisedsites providing data.

No clear provision for interactive process monitgyi- the expert who initiates the mining
process in an application scenario has no realraonf the process via any control and
monitoring channels.

A potential problem could beming, because short-range weather forecasting in tbedFl
Application need to be realized as soon as possgiblen all data are available. Therefore,
some triggering mechanism that will start the pfieéel forecasting process when data from
data from meteorological stations and radars ataveDMIRE system is needed.

Fault-tolerance mechanisrahould be also considered for weather forecastingperative
mode.

Stored procedures activity available interfaces for incremental extractodrthe data from
the CRM are exposed via stored procedures. We teepdss two parameters (timestamps),
which define a window in time — stored proceduttenres “dirty” rows, created or modified in
the specified time period. So we need an actiitgt tenables the invocation of stored
procedures in a database. Such a feature wouldsl@nplement incremental data fetching.
There is a prototype of such an activity (not pn¢se the main OGSA-DAI source branch),
S0 it just needs to be included in the next releas®©GSA-DAI.

The current method of updating the contents ofh&a Mart is by deleting records that need
to be updated and inserting all records again ifing new items). This solution is not a
desirable one. When updated data is located ifbla tahich is in relation with some other
tables it may cause problems with breaking the tcaimés. Such a case occurs very often in
building data warehouses and data marts, so tyf@idal frameworks contain specialized
components, so called “LookUp operations”. The mfl the LookUp operation is to take two
streams of tuples and try to match tuples front fiteeam with the ones in the second stream.
This operation would enable checking if record adiyeexists in data mart or is a new record,
so the update operation could go smoothly — newsrawwuld be inserted, matched ones
updated without the need to remove and reinsert@nsy.

Confusion matrix activity— it would be convenient to have an activity thates all
calculations related to the determination of a aeitih matrix. This activity is now simulated
by evaluating results given from model in threepstdirstly the tuple is filtered; after that
there is counting of results; and finally a merggo a single tuple. There should be an
activity that takes as input results from a clasaifon and transforms them into confusion
matrix.

TupleFilter activity— the need for this activity has been initiallgidified during the process
of designing the confusion matrix activity, desedbabove. This activity has to filter a tuple
according to given conditions. It should returrili@fed tuple. Such an activity would also be
very handy during more complex data transformagimotesses. Right now, the only way of
filtering information is through an appropriate 1SECT” expression in the SQL activity.
When one needs to filter tuplafter extracting information from a database, the userently
has to put the data in a temporary table and tbestrict another query with the necessary
filter conditions in the “WHERE” clause. This igrffrom ideal.
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Count activity— there is a requirement in OGSA-DAI for an adyivihat would return the
number of records in a tuple. It should take oruirg tuple and return a one element tuple
with the number of rows.
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5 mnn
Acronym Meaning

ACRM Analytical CRM, a process and system for thelgsis of CRM data, ofte
used in marketing.

CRM Customer Relationship Management, a classfofrimation systems, and tH
process they support.

DMIL The canonical form of the data mining andeigitation language bein
developed in ADMIRE.

DMI-WF XML description of DMI processes

DT Decision Tree, a software construct used in datang algorithms.

ETL Extract-Transform-Load, a common database upagern.

GRIB Gridded Binary, a standard meteorological exde format.

NN Neural Network, a biomorphic software construted in data mining
algorithms and artificial intelligence research.

OGSA-DAI Open Grid Services Architecture — Data g€ and Integration. A popul
technology for performing data management and ggiog tasks in grids
which is used also in newer SOA-based infrastrestur

OLAP On-line analytical processing, a class of wafe systems used in on-lif
analysis of complex data sets.

OLTP On-line transaction processing, a class ofesys that facilitate transactio
oriented applications.

USMT Unified Systems Management Technologies —taokeore services witl

capabilities required for management and monitodhthe distributed DMI
platform.

N

50



A
S
q
A
A
I
I
A

[1]
[2]
[3]

[4]
[5]

Ally Hume, Liangxiu Han, Jano van Hemert, darMalcolm Atkinson. ADMIRE —
Architecture. Deliverable report D2.1, the ADMIR¥oject, Aug 2008.

Ondrej Habala and Marcin Chaki. @~ ADMIRE — Architecture and Design of the Rilo
Applications. Deliverable report D6.1, the ADMIREofect, Aug 2008.

Peter Brezany, Ehtesham ul Haq Dar, Ibrahim Elsayedhang Han, Ivan Janciak, Fakhri Alam
Khan, Sabri Pllana, Yuan Tian, Alexander Wo6hrer Jddbn Atkinson, Jano van Hemert, Oscar
Corcho, Carlos Buil Aranda, Marian Babik, and Raxt&r. ADMIRE — Towards the High-Level

DMI Model, Language and Ontology. Deliverable repbd.1, the ADMIRE Project, August
2008.

Marcin Choi ski, Rob Baxter, Radek Ostrowski, and Ondrej Haba@MIRE — Use Case and
Requirements Report. Technical report versiontbé ADMIRE Project, Aug 2008.

Ally Hume, Amy Krause. Data Mining in OGSA-DAI sonieitial workflows. Version 0.2, 10
July 2008. The ADMIRE Project, Jul 2008.




