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This deliverable describes the state of the compsnander development in work package 6 of
ADMIRE at the end of project month 24.

The deliverable contains again two separate pamts,describing the FFSC application, and the other
describing the ACRM application.

In the FFSC application, we have continued devetgnof the application use-case scenarios. The
total scenario list has been finalized, and albdatcessary for its realization were obtained from
outside partners (mainly SHMI and SWE). The impletagon of the scenarios has continued, and we
have created a complete prototype of an evaluatiiie based on the ORAVA scenario, which may
be used for testing both distributed data integraand data mining aspects of the ADMIRE DMI
platform.

In the ACRM application we have continued with depenent of the components of the several CRM
scenarios, with the processing elements and ugerfane components necessary to finalize the
application scenario.

The main goals of work package 6 for months 194tav2re (see DoW [11], page 7Optegrate the
newly developed application services and data smiioto the testbed infrastructure. Develop a test
case suite for the project’s final evaluation phate this purpose, we have created a testbed of the
project (not necessarily only during PM19-PM24)d dmave deployed several PEs for the pilot
applications, as well as databases and file stonatiethe pilot application data. The test casdesui
has been developed and finalized, and is in théeimgntation phase. We consider the goals for this
project phase to be achieved.
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The DMI process for th®RAVAscenario (as described in [1] and [2]) is divided two phases:

data retrieval phase (Figure 1);
data mining phase (Figure 2).
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Figure 1. Data integration DMI process of ORAVA scenario

l

The whole workflow, which implements both phases ba seen in DISPEL form in Appendix D of

this report.
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Data Integration
(See Figure 1)
L Data Integration
(See Figure 1)
Data preparation |« L
L Data preparation
Build classifier L
L Trained model
Evaluate classifier — L
L Deliver predicted
values
Deliver trained
model

Figure 2. Data mining DMI process for ORAVA scenario

The ORAVAscenario is already implemented as OGSA-DAI weliises using wrapped Weka
functionality for data mining and prediction purpss

The data retrieval phase (Figure 1) is a spectalis@f a generic data integration and data mining
scenario for spatio-temporal data (see [5] forittdn the case 0ORAVA because of the properties
of the data used, no temporal or spatial synchatioiz is necessary (it is partially substitutedtiy
Missing data handling phasectivities).

In the data mining phase the DMI process is dividéal two sub-workflows:
Model training;

Data predictions.

The model training sub-workflow has the followirtgss:
ProjectionX — which is output from the data intégna phase;
Data preparation — filtering the data;

0 Using filters implemented in the Weka library;
o0 Developing our own filters:
Linear trending filtef;
Replacing of missing valu&s
Epsilonzero filtef;
0 Removing unused (not significant) attributes;

! http://www.cs.waikato.ac.nz/ml/weka/

2 As measurement of the Orava basin temperatureris th 6 to 12 hours intervals we need to calculage
missing values — as it is a big mass of water timedr trending filter is relatively good choice replace the
missing measurements.

% As the Weka library doesn’t have a filter whicHlwlieal with missing values, we have developedawn — as
there are missing values in rainfall data, we rtea@place it with 0 value (no rain — no rainfall).

* EpsilonZero filter replaces values which are tbss given epsilon with zeros.




o0 Converting values from one scale to another (Kelwidegree of Celsius);
Classifier building:

0 Linear Regression;

0 Bagging;

0 Mb5Rules;
Classifier evaluation:

0 Usingn-fold cross-validation;

0 Using test set (in above figure we need to spkt diata in the preparation box into
training and test set).

Outputs from the model training sub-workflow ardrained model and a statistical summary
(coefficient of correlation, mean absolute erragtrmean squared error, relative absolute erral, an
root relative squared error). Trained model isadised via FTP service.

The data prediction sub-workflow has these steps:

ProjectionX — which is output from the data intdgma phase (same as above, but using future
data from the meteorological models);

Data preparation — filtering the data (same asaddehtraining sub-workflow);
Using trained model (de-serialised via FTP servioehake predictions.

Outputs from the data predictions sub-workflows #ne predicted values and a statistical
summary of the predicted values (same as aboveeimbdel training sub-workflow).

The whole description of the ORAVA scenario in DISPEL language is given in Appendix D.

The data retrieval workflow depicted in Figure Esishe following processing elements:

GRIB _file_selector — this PE consults the GRIB rdata database and decides, which GRIB
files correspond to the input time period and GR#Bameter layer.

GRIB_reader — this PE reads a GRIB file and outpussibset (values for one or more grid
points) of one of its layers.

DATA_ waterworks_selector — this PE reads the resemdata and outputs values for input
time period and selected reservoir.

DATA_hydrostations_selector — this PE returns tladues from the hydrological stations
database and returns the correct data for thetedlstation IDs and time period.
GRIB_coordinate_selector — this PE consults theBaRétadata database and decides which
grid points in the GRIB files correspond to thegedrarea (input as a geographical bounding
rectangle).

TSPVMDHandler — (TimeSequencePreviousValueMissirtgBandler) this PE handles
missing data values, and has been designed to ieutsrly suitable for time series of
spatio-temporal data.

TuplesRowMerge — this PE combines multiple rowsdata into a single row, with the
possibility to select part of the data as synclrainon marks.

TupleMerge — a simple PE for merging two or moggds into one combined tuple.

TupleProject — a projection PE, used in this caseektracting only the required elements
from a tuple (or a stream of tuples).




Figure 1 shows the details of the data integratimtess and the inputs of the data mining (model
training) in the ORAVA scenario (in this case tlaeadare from one year).

In the data mining phase we follow the workflow widn Figure 1 and Figure 2.
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Table 1. Sample of the raw input data of ORAVA scenario




As we can see the data is sometimes sparse (Talledlinputs cannot be used to predict the last
value of the water temperature at the hydrologinabsurement station under the Orava reservoir
(number 5830).

First we can review the rainfall at the Orava reser(Rainfall_Oravacolumn). It has been
established by consultation that if there is ncada&corded, no rainfall was measured, so we can
replace the missing values by “0” vallReplaceMissingValuditer). The second problem which we
need to deal with is the rainfall measured at tagan Rainfall_Stationcolumn). Values such as *-1.0
E-20’ are only noise from the database from whichkas retrieved, so we have to add another fitier t
deal with this noise (théeroEpsilonfilter). The ZeroEpsilonfilter converts all values lower than any
epsilon value to the ‘0’ value. Also if we compaiee three columndir_Temperature Orava
Air_Temperature_StatioandWater_Temperature_Statiome can see that these three columns don’t
have the same scale. TAér_Temperature_Statiololumn is in Kelvin, but the other two are in
degrees Celsius. So another filter we had to deviel our ORAVA scenario iKelvin2Celsiuswhich
uses a simple mathematical expression to convdrirKo degrees Celsius. The final problem we
had to solve in our scenario are the missing vailuése Water_Temperature_Oraweolumn. In this
case we can't simply use tReplaceMissingValudiiter as we don’t know which values to put in the
table. The measurement of the water temperatutteei©rava basin is done only in 24 hours interval
(one value a day, as opposed to hourly periodidtyother inputs). If we look at the data in this
column, we can see that the value does not chapidly in any one-day interval, because of thedarg
amount of water in the basin and its considerabdgnmal storage capacity, which is only a little
affected by daily changes in air temperature. Sthames decided to use linear interpolation forrfdli
in the missing hourly water temperature values. hW&'ee developed a nelwnearTrendfilter which
replaces missing values from a start point to ahpmint by adding only a delta computed according
to a linear function. In Table 2 we can see allchanges made to our integrated data. We have also
discovered from the data that the date and timenbasgnificance in our scenario so we have decided
to remove these two columns (they were only necgd$eadata integration phase and for data values
identification).
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Table 2. Sample of the pre-processed ORAVA scenario data
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After the data preparation phase we can start ditee mbining phase. From our view the easiest model
to use which fulfils our needs is the linear regi@s classifier/model. We use our set of 8,760 rtaws
train the model. The output function we have reggifrom the training is:

Watertempmmn =0.6473 ¥ ‘."1a’=1t1;=r“t,3,,,pUm_El + 0.0239 = Air‘tenjpﬂrava — 0.0359 % Rainfallg, cn —

After building the classifier we need to evaludtén the training set or usimgfold cross validation).
In our case we evaluate the model using 10-foldk@lidation. The output from the cross validation
is in the following table (Table 3):
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Table 3. Statistical output from the trained model and 1i@Haross validation




We can see that the correlation coefficient is tdghd the mean absolute and root mean squared
errors are relatively low, so we conclude that madel is well trained for the data we have, and we

can use it for predictions.

The trained model is stored via FTP and in ther&utill be used by the prediction sub-workflow. In
due course such trained models will be added tAADBIRE Repository being developed in WP4
[12].
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Figure 3. Process of the prediction phase of ORAVA

The process of the prediction phase (see FigustaB)s with the feeding of data from the data
retrieval phase into both the classifier builde @uildClassifierLinearRegressiothe historical data)
and the classifier itself (PElassify which uses the current/future data for actualisteon). For
validation and evaluation purposes, we may usentbdel to predict already existing data and then
compare it to the measured values (this is alsavsho Figure 3, theesult of Data retrieval phase
(historical data)is fed toTupleArithmeticProjecPE). In this case the selected columns are merged
with the predicted data, and shown to the usereiaiew.

The characteristics of the results of a test ruthefprediction phase of ORAVA are shown in
Table 4.




After data preparation we will use the stored tdimodel in the same way as before (the modelis de
serialised via FTP) and predict future water terapees at the 5830 water station). Table 4 shows a
example of a few predicted and actual values ofibdel (validation, which are randomly taken from
the 2007 year).
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Table 4. Sample of the actual (validation) and predictecdat
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The purpose of this scenario is to allow very si@mn prediction of precipitation using radar image
and historical values of measured precipitation.

Input to the scenario is a time-series of radargena (reflectivity and potential 15min
accumulated precipitation) and historical valuedlofaccumulated precipitation measured by ground
sensor network.

The output of the scenario is the predicted valtig@recipitation for the selected territory of
Slovakia. The predicted precipitation can be diyegtrified against the potential precipitation or
against the ground based sensors. Secondary dsitpet motion vector time-series produced from the
radar images.

In the RADAR scenario for rainfall prediction weeualgorithm described in following steps:

1. Retrieve radar images for whole Slovakia for ladtdiirs (data is retrieved in 15 minutes

intervals, with size 1135x780 pixels).




2. Calculate motion vectors of each two successivarramages to obtain possible movement of
the clouds (wind direction). The calculation is édn moving frames which correlation
computed inside frames in between images. Thisulzlon is applied for radar images of
whole Slovakia.

3. Smooth motion vectors over the time period.

4. Predict the next radar image (of next 15min) bylyppg the smoothed motion vector on the
last radar image.

5. Compute the potential 15min accumulated precipitatiround the Orava pilot site using the
. . . 20
empirical equation: radar_rain_intensity qu( 200 ft@’g-"x) + 1 for all radar

images from the last 2 hours, including the prediaine.

6. Train the model using the of potential accumulaiegtipitation, the smooth motion vector,
and the measured precipitation from hydrometeoictbgtations at Orava.

7. Produce prediction of 15min accumulated precipitatising trained model.

! 0

This section first shows a summary of the datalabks for the FFSC application. Most of the data
have been already described in [1] and [2]; thg tm new dataseRADAR is described in detail.

Dataset Domain Description Volume IEEDE Sl
coverage coverage
HUSAV Hydrology Data from two probes, 10s of MB | 1998-2007 | Two distinct
containing water saturation pf points
soil
MARS Meteorology | Historical meteorological |100s of MB | 1975-2007 | Slovakia (grid
data (temperature, rainfall, 50x50 km)
etc) for Slovakia
SVP Hydrology Data from waterworks in | 100s of MB | 1998-2007 | 15 distinct
western Slovakia (mainly waterworks
river Vah) — outflows, water
levels, temperature, rainfall
DAISY Pedology Various pedological 10s of MB | 1961-2000 | One point
parameters for one probe in
southern Slovakia
WOFOST Pedology Crop data (with attached sall0s of MB | 2006 Slovakia (grid)
and meteorological data) fo
Slovakia, year 2006
SHMU_CURR | Meteorology| On-line database of 10s of GB +| 2008- Slovakia (about
meteorological data — copief 100 distinct
from SHMI web; including probes)
radar imagery
SHMU_HIST Meteorology | Historical meteorological |100s of MB | 1998-2007 | Slovakia (more
data from SHMI probes than 100
distinct probes)
SHMU_GRIB Meteorology | Historical temperatures and100s of GB | 1998-2007 | Slovakia (grid,
rainfall amounts in a griddec various sizes)
binary format




RADAR Meteorology | Weather radar imagery 100s of GR005-2008 | Slovakia (gird,
homogeneous)
SHMU_HYDRO | Hydrology Historical data from 10s of MB | 1998-2007 | Orava and
hydrological measurement upper Vah
stations rivers
SOIL_RET Pedology Water retention capacities|df0os of MB | Not Vah river
soil applicable |watershed area
SNOW Hydrology Amount of water retained in10s of MB | 1980-2009 | Selected
snow cover in the watershed reservoirs in the
area of selected reservoirs Vah river
watershed ared
INFLOW Hydrology The inflow of selected water100s of MB | 1997-2009 | Selected
reservoirs reservoirs in the
Vah river
watershed ared

Table 5. Summary of FFSC data
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This batch of data contains the historical inflosfgshe two selected water reservoirs in the Vakrriv
watershed area: Liptovskd Mara and Oravska priehrHde data is being used in the SVP scenario.
Il

The data has been provided by the Slovak Waterrfmge, even though it originated in the
measurement network of the Slovak Hydro-meteorohidnstitute.

r 2

The data has been provided to UISAV for researchgaes and may be used in context of the project
ADMIRE by UISAV and its project partners.

Ly

The data contains daily values of mean inflow ift® reservoir in the structure:
Reservoir name
Date of measurement
Value of mean inflow in fhs®

11
111

The data has been provided by the Slovak Waterjgige and it is the product of SWE’s own daily
measurements.

r 2

The data has been provided to UISAV for researchgaes and may be used in context of the project
ADMIRE by UISAV and its project partners.
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The data contains two sets of pairs of values émtdor each reservoir). Each pair consists ofta da
and the total amount of water in the snow covehawatershed area of the respective reservoir. The
period between two consecutive measurements isiist @he amount of water is given if.m

ry

This batch contains both raw data from weatherrsadad their graphical representation. The data
represents potential rainfall amounts in mm of watr hour.

L
The data has been provided by the Slovak Hydro-eneliggical Institute.
L 2

The data and models may be used for research mefhysthe partners of the ADMIRE project. Use
for commercial purposes, as well as use outsidieeo$cope of the ADMIRE project is not allowed.

i

The data contains two separate batches:
Raw radar data

The data consists of text files with values fodgroints. The files are in a period of 15 minutes,
meaning there are 4 files in a hour, and 96 fikesrie day. The geographical coordinates for the
grid points are described in a separate text dites (for the whole batch).

The data represents actual atmospheric reflectivégsured by the weather radar.
Weather radar imagery

The data consists of text files with values fodgroints. The files are in a period of 15 minutes,
meaning there are 4 files in a hour, and 96 fikesrie day. The geographical coordinates for the
grid points are described in a separate text dites (for the whole batch).

The data represents potential rainfall, in mm ofevaccumulated per hour.

N3 +4&+5 "

This dataset contains historical values of watenpterature, water flow volume, and water height
measured by several hydrological measurement statieployed in Orava (part of Slovakia). Figure 4
shows the deployment of the stations.

M3t

The data has been provided by the Slovak Hydrooneliggical Institute from their hydrological
department’s database.

M3t 2

The data and models may be used for research mefhysthe partners of the ADMIRE project. Use
for commercial purposes, as well as use outsidieeo$cope of the ADMIRE project is not allowed.

13y

The data contains three different parameters farmaber of hydrological stations. The parameters are
Water temperature — the immediate temperatureeofviter at the station;




Water height — the immediate water height at thtast;

Water flow volume — the volume of the water flowithgough the river at the station’s point,
averaged for the last hour.

The dataset also contains metadata, describingtatiens themselves:
Geographical location of the station;
Stream which the station measures;
Name of the station;
ID (numerical value shown in Figure 4) of the stafi
Starting time of the measured data from the station
End time of the measured data from the station.

Vodomerné stanice v povadi Orava

A %

Figure 4. Orava and the hydrological stations available iV&HHYDRO

S

0 10 20 30 Kilometers

e "2&'
This dataset contains the water retention capacaitiesoil in the river Vah’'s watershed area. These

data is necessary for the SVP scenario.

16!
The data has been provided by the Institute of blpdpy of the Slovak Academy of Sciences.
16! 2

The data and models may be used for research mefhysthe partners of the ADMIRE project. Use
for commercial purposes, as well as use outsidieeo$cope of the ADMIRE project is not allowed.
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The provided data is in the form of a table, whidmtains one row for each retention capacity probe.
The row then contains:

Number of the probe

Name of the area where the probe is deployed

ID of the probe

Geographical coordinates of the probe

Maximum retention capacity of soil in the 0-30 cgér
Maximum retention capacity of soil in the 30-60 layer
Average retention capacity of soil in the 0-60 eyelr

The data themselves are not a time series, sirceetkntion capacity changes only negligibly
over time (provided that land use remains unchanged

The data also contains an exact vector map ofitke Yah's watershed, with the probes and also
land use. Sample of the map is shown in Figure 5.

Figure 5. Sample of the water retention capacity probes gegnm map

I/ ,
The set of FFSC scenarios has been now finalized,vwee will continue in accordance with the
Description of Work [11] to:
Deploy existing and new application services inThstbed.
Extend the test case suite to encompass all FFS@sos.

Use the ADMIRE language (DISPEL), architecture, anchponents to execute the application
scenarios, thus testing the ADMIRE platform.
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During project months 18 to 24, pilot applicatiateelopers from Comarch were focused on the
development of a cross-selling scenario and imprere of a churn prediction scenario [3].

"

Primary modifications to the churn prediction saémahave revolved around identifying better
algorithms to perform the required data analysis.

The core of the scenario is a PE narBeddClassifier which is wrapper for a classifier building
tool from the WEKA library. The main disadvantadetlee library is that it contains mostly algorithms
that must have access to the whole data set whieghnlgua classifier. This is not acceptable forgkar
data volumes, because the data set cannot be starezimory. ACRM application developers decided
instead to use the MOA, which is software environtmi@r implementing algorithms and running
experiments for online learning from evolving dat@eams [8]. The Hoeffding tree became an
algorithm used as a replacement for WEKA classfiarthe churn prediction scenario. It is wrapped
in theBuildlterationalClassifierPE.

9

Execution of the churn prediction scenario proved the ADMIRE architecture supports the running
of a complete and extensible data mining scenaria static dataset. The next step to evaluate the
functionality of the project is to extend the saém#o large, distributed data sets (terabytes dneufs

of terabytes). To achieve this, the churn predictgzenario data set will be divided into four
databases, each hosted by a different ADMIRE cotltor. The main entities of the ACRM database
arecustomerscontracts contactsandcalls. Groups of tables for these entities and suppptaibles,

i.e. dictionaries, will be deployed on differents&s running different DBMS. Large data volumes
for each part will be generated using the Data Geioe Tool described in [3].

Figure 6. Planned servers infrastructure for scale-up exparim




The Churn prediction scenario is now divided into processes:
Data retrieval and classifier building;
Classification of new data.

In the first process, data is retrieved and joinedarallel, every prepared tuple is used to build
one of the classifiers. Every classifier is pervadly saved to FTP servers (ultimately to be regdac
by the new ADMIRE Repository [12]).

The second process retrieves serialised classifleserialises them and uses them to classify new
data. The current process deployment status fgctesl to classification using only one classifier
because extensions to tB&assifyPE using votes from every classifier has not getnbimplemented.

The goal of the scenario extension is to deal withdel building for large data volumes. The
analyst does not have to wait until whole modddugt to perform classifications of new data. Then,
every model building process can be executed dardiit Gateway what will significantly improve
the performance. Fragments of DISPEL descriptiarstlie deployed processes can be found in
Appendix A.

Figure 7. Data retrieval and classifier building process




Figure 8. Classification of new data process (model voting)
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The cross-selling scenario goal is to get hintsuakaadditional products or services that can be
provided to an existing customer. These produdfsl fother needs than the products already bought
by the client, however very often these producty & complimentary (i.e. selling VoIP services to
the client that already is a broadband interneheotion subscriber) [9].

The cross-selling problem is a typical applicatioh association rules. The analyst need to
determine, which products are often sold with athieasing on historical transactions. In order to
complete end-to-end process, new Processing Elesmeme designed as described below.

Date —>
BinName: = ——»{ SimpleDiscretize—— Resul
Aggregate ———P

Figure 9. SimpleDiscretizéE

SimpleDiscretize- groups numeric data from input Data. Names ofigs are determined over

BinNames input. Aggregates input is set of two ¢gplwhere first is minimal value and second is
maximum value of data.

ItemName >
TransactionList ———p ItemList —— List
Keylnde» —>

Figure 10. ItemListPE

ItemList— generates matrix report, where value in cell ifedmines, whether customer i bought
item j. ItemNames is list of all possible items.afisaction list is list of transaction containing
customer id. Key index indicates index of custoiden transactions list.




Date —>
NominalValue —— p
Columnindice ——
Options —>

BuildAssociator - ——»  aAgsociato

Figure 11.BuildAssociator PE

BuildAssociator — creates WEKA associator using tuple sets frorputinData. Inputs
NominalValues and Columnindices have the same mgaas forBuildClassifierPE. Optional input
Options are set to WEKA algorithm, and containgiinfation about minimal rule confidence, support
etc..

The descriptions of new process elements designe®DIMIRE collaborators are managed by a
named person from each organisation. RDF desaniptib process elements from cross-selling
scenario are attached in Appendix C.

To perform a cross-selling analysis, the analystamnbine PE’s (both generic and designed for
scenario) as follows:

Figure 12. Workflow for cross-selling scenario




The main idea of the cross-selling scenario isaimtmine information about a product bought by
customer (queryl and query2) with various persooatomer information, i.e. customer age (query3
and query 4).

Data volume used for cross-selling scenario comdigtynthetic data generated for CRM relational
database. To make DISPEL file not cluttered witmpticated queries, views ADM_CUSTOMERS
and ADM_CONTRACTS were created.

Figure 13.Main tables used in cross-selling scenario

Every contract item (CDM_CONTRACT_ITEMS_T) referenc purchased product
(PC_PRODUCTS_T). Table PC_PRODUCTS_T contain in&tiom about product name, type and
price. In basic version of cross-selling scengrioduct price is not considered.

For future development, use of Maximal Profit It&election (MPIS) [10] is planned. MPIS
problem can be considered as selecting a subsetdrgiven item sets so that estimated profit of the
resulting selection (products offered to new cugiQris maximal.

Input parameters:
£; = L : Set ofmtransactions (CDM_CONTRACT_ITEMS_T).

I'= 1 ..I, : Set ofnitems (PC_PRODUCTS_T).

Prof(/, 1) : Profit of item | in transactiori:. Value of the profit may vary depending on
discounts. If discounts are not considered, prifitconstant over ali (its direct value from
PC_PRODUCTS_T.PRICE). The problem is to find iteetS that are often purchased together, and
profit of offering them is maximal.

Set of items selected in transactfon




=t NS
Set of items not selected in transaction
d; = t; — £,
To count a profit, we will assume cross-sellingéac
0 = csfactor =1

In our scenario we will compute the factor as acfiom T of confidence and support of association
rules for the item se&

csfactor = T(S(R.),C(R.))

wheref - is set of rules for item s& S()is average support ai@) is average confidence.
Total profit P of item selectiorSis given by:

P(5y= 3,0 =1m=E [Profe,i" 1 ,5,00(1 — csfactor(t,i) )

The cross-selling scenario has been successfullguted on the Comarch Testbed node. Depending
on the configuration of th8uildAssociatorPE, customer and product horizon, various assoniat
rules are revealed. For scenario building purpasest of 2,500 customers and 6,000 transactians ha
been made. The listing below contains result ofkifow execution.

[java] [main] DEBUG eu.admire.clienttoolkit.Di spelProcessClient
Retrieving data from data source 'rules' ...

[java] Result name = rules
----- CUT -----

[java] Best rules found:

[lava] 1. Phone=FALSE 932 ==> GSM Postpaid=T RUE 718 conf:(0.77) <
lift:(1.25)> lev:(0.06) [144] conv:(1.67)

[java] 2. GSM Postpaid=TRUE 1538 ==> Phone=F ALSE 718 conf:(0.47) <
lift:(1.25)> lev:(0.06) [144] conv:(1.17)

[lava] 3. Phone=FALSE 932 ==> GSM CLIR=FALSE GSM Postpaid=TRUE 718
conf:(0.77) < lift:(1.25)> lev:(0.06) [144] conv:(1 .67)

[lava] 4. GSM CLIR=FAL SE Phone=FALSE 932 ==> GSM Postpaid=TRUE 718
conf:(0.77) < lift:(1.25)> lev:(0.06) [144] conv:(1 .67)

[lava] 5. GSM Postpaid=TRUE 1538 ==> GSM CLI R=FALSE Phone=FALSE 718
conf:(0.47) < lift:(1.25)> lev:(0.06) [144] conv:(1 17)

Figure 14.Results of cross-selling scenario execution
/ $4

The aim of the ACRM application is to provide arsye#o-use graphical tool for a business user that
allows them to explore customer data from @M for Telcodatabase. The first screenshots for the
ACRM Application Eclipse plugin appeared in [3]. iing PM 18 to 24, Comarch started to integrate
the ACRM Application with the EMFText metamodel fohe DISPEL language prepared by
University of Vienna for the Workbench Process Desr. EMFText allows one to map DISPEL
documents to an internal representation that candméfied using an application’s graphical integac
and printed back to textual representation [6]. M&RM Application will map the core process
description (for each scenario) to the internalr@spntation — Java objects. Then, parameters of

! A B



Process Elements like WEKA/MOA options, custometizum, time horizon, product list etc. will be
customizable using a graphical interface. After eaweaking of the process by the analyst, a DISPEL
document will be ready to be sent to the Gateway.

Processes customized by ACRM Application will bsoaleadable in ADMIRE Workbench tools.
The ACRM Application is already integrated with tBdSPEL editor; integration with the Process
Designer is planned for next few months.

Figure 15. ACRM application GUI panel for cross-selling sceoar

N

Future development of the ACRM scenario includes:

Perform scale-up experiment on churn predictiomaige with Hoeffding tree distributed
classifier;

Improve cross-selling scenario with advanced aatioai rules mining and discretization.
Deploy MPIS variant;

Use EMFText model to improve ACRM Application GUI;
Integrate ACRM Application GUI with Registry clieand result visualizers;
Start development of up-selling scenario.
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Acronym Meaning
ACRM Analytical Customer Relationship Management
APE Application Processing Element
CRM Customer Relationship Management
DGT Data Generation Tool
FFSC Flood Forecasting Simulation Cascade
LFN Logical File Name
MARS Monitoring Agriculture with Remote Sensing
OGSA-DAI Open Grid Services Architecture — Data dgx and Integration
OR&A Ocean Reports & Analysis
PE Processing element
SHMI Slovak Hydro-meteorological Institute
SOA Service-oriented Architecture
SWE Slovak Water Enterprise
UFS User Friendly Schema
UISAV Institute of Informatics of the Slovak Acadgrof Sciences

%
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-- CUT --
Serialiser sr= new Serialiser;
DeliverToFTP dftp = new DeliverToFTP;
BuildlterationalClassifier bc = new Buildlteration alClassifier;
-- CUT --
[-10, 1, 2] -] => bcl.columnindices;
[0, 1]] -| => bcl.nominalValues;
|- 2 -] => bcl.classIndex;
[-[0, 1, 2] -] => bc2.columnindices;
[0, 1]] -| => bc2.nominalValues;
|- 2 -] => bc2.classIndex;
[-[ "REGION", "CUSTOMER_SEGMENT", "CHURNED"]-| => projectionl.columnlds;
projectionl.result => split.data;
split.data[0] => bcl.data;
split.data[1] => bc2.data;
bc.classifier => sr.data;
|- 1024 -| => sr.blockSize;
sr.result => dftp.data;
|- "tree.bin" -] => dftp.filename;

|- "login:password@ftpserver" -| => dftp.host; / /removed credentials
|- true -| => dftp.passiveMode;
submit dftp;
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use uk.org.ogsadai.SQLQuery;

use eu.admire.Results;

use eu.admire.ltemList;

use eu.admire.BuildAssociator;

use uk.org.ogsadai.TupleProjectBylds;

use uk.org.ogsadai.TupleSimpleMerge;

use eu.admire.SimpleDiscretize;

SQLQuery queryl = new SQLQuery;

SQLQuery query2 = new SQLQuery;

SQLQuery query3 = new SQLQuery;

SQLQuery query4 = new SQLQuery;

Results resultl = new Results;

ItemList il = new ltemList;

BuildAssociator ba = new BuildAssociator;
TupleSimpleMerge tm = new TupleSimpleMerge;
SimpleDiscretize sd = new SimpleDiscretize;
String expressionl = "SELECT ID, NAME FROM PC_PRODU CTS_T WHERE ID BETWEEN 22 AND 25%;

String expression2 = "SELECT CUSTOMER_ID, PRODUCT_N AME FROM ADM_CONTRACTS WHER)
CUSTOMER_ID > 300"

String expression3 = "SELECT (TO_NUMBER(TO_CHAR(SYS DATE, 'YYYY")) -
TO_NUMBER(TO_CHAR(BIRTHDAY,YYYY")) AS AGE FROM A DM_CUSTOMERS WHERE ID>300";

String  expression4 = "SELECT  MIN((TO_NUMBER(TO_CHAR (SYSDATE,  'YYYY)) -
TO_NUMBER(TO_CHAR(BIRTHDAY,'YYYY")))) AS MIN_AGE, M AX((TO_NUMBER(TO_CHAR(SYSDATE,
'YYYY')) - TO_NUMBER(TO_CHAR(BIRTHDAY,'YYYY"))) AS MAX_AGE FROM ADM_CUSTOMERS";

|- expressionl -| => queryl.expression;

|- expression2 -| => query2.expression;

|- expression3 -| => query3.expression;

|- expression4 -| => query4.expression;

"crm" -| => queryl.resource;

"crm" -| => query2.resource;

"crm" -| => query3.resource;

"crm" -| => query4.resource;

gueryl.data => il.itemList;

query2.data => il.customersList;

|- 0 -| => il.keyIndex;

query3.data => sd.data;

query4.data => sd.aggregates;

|- ["YOUNG", "MIDDLE", "OLD", "VERY_OLD"] -| => sd. binNames;
sd.result => tm.data[0];

il.list => tm.data[1];

tm.result => ba.data;

[-[0,1, 2,3, 4] -| => ba.columnindices;

|- ['YOUNG", "MIDDLE", "OLD", "VERY_OLD"] -| => ba. nominalValues[0];
|- ['TRUE", "FALSE"] -| => ba.nominalValues[1];

|- ['TRUE", "FALSE"] -| => ba.nominalValues[2];

|- ['TRUE", "FALSE"] -| => ba.nominalValues[3];

|- ['TRUE", "FALSE"] -| => ba.nominalValues[4];
[-"-N100-T1-C0.1-D0.05-U1.0-M0.1-S -1. 0" -| => ba.options;
ba.associator => resultl.input;

|- "rules" -| => resultl.name;

submit result1;
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<owl:Class rdf:about="#ItemList">

<rdfs:subClassOf
rdf:resource="&PlatformOntology;PrimitiveProcessing

<rdfs:subClassOf>
<owl:Restriction>

<owl:onProperty
DMIOntology;hasStructuralType"/>

<owl:someValuesFrom rdf:resource="#
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<!l-- http://www.admire-project.eu/acrm#ltemList

<owl:Class rdf:about="#ltemListService">
<rdfs:subClassOf rdf:resource="&CRISP-DMIOn
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="&CRIS
<owl:onClass rdf:resource="&CRISP-D

<owl:qualifiedCardinality
rdf:datatype="&xsd;nonNegativelnteger">1</owl:quali

</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Class>
<owl:intersectionOf rdf:parseType="
<owl:Restriction>

<owl:onProperty
DMIOntology;haslnput"/>

<owl:onClass rdf:resource="

<owl:qualifiedCardinality
rdf:datatype="&xsd;nonNegativelnteger">1</owl:quali

</owl:Restriction>
<owl:Restriction>

<owl:onProperty
DMIOntology;hasinput"/>

<owl:onClass
DMIOntology;TupleList"/>

<owl:qualifiedCardinality
rdf:datatype="&xsd;nonNegativelnteger">2</owl:quali

</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</rdfs:subClassOf>
</owl:Class>

Element"/>

rdf:resource="&CRISP-

ltemListService"/>

Service -->

tology;StructuralType"/>

P-DMIOntology;hasOutput"/>
MIOntology; TupleList"/>

fiedCardinality>

Collection">

rdf:resourc e="&CRISP-
&PlatformOntology;Integer"/>

fiedCardinality>

rdf:resourc e="&CRISP-

rdf:resource=" &CRISP-

fiedCardinality>
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[* use non-universal components from the computatio
use uk.org.ogsadai.SQLQuery; //get definition of SQ
use uk.org.ogsadai.TupleToWebRowSetCharArrays; // s
use eu.admire.spatioTemporal.activities.tupleMergin

use eu.admire.spatioTemporal.activities.grib.GribCe
element

use uk.org.ogsadai.TupleSimpleMerge;

use eu.admire.DataTransfer;

use eu.admire.Results;

use eu.admire.LinearTrendFilter;

use uk.org.ogsadai.TupleArithmeticProject;

use eu.admire.BuildClassifierLinearRegression;
use eu.admire.BuildClassifierM5P;

use eu.admire.Classify;

use uk.org.ogsadai.Head;

use uk.org.ogsadai.DeliverToNull;

/I Extract metadata from Grib

GribCellValues grib = new GribCellValues();
SQLQuery gribFileSelector = new SQLQuery();
SQLQuery gribCoordsSelector = new SQLQuery();

String gribFileSelectQuery = "SELECT file, date_tim
FROM grib_meta_c WHERE type='CWDI' and date_time
date_time <='2006-03-01 24:00:00' and forecast=0 an
date_time;";

String gridCoordSelectQuery = "SELECT id AS ID, lat
19.53)*(lon-19.53)) + ((lat-49.38)*(lat-49.38)) ) )
order by dist limit 0,1;";

String griblD = "DbGribMetaResource";
String mode = "BLOCK";

|- gribFileSelectQuery -| => gribFileSelector.expre
|- gribID -| => gribFileSelector.resource;

|- gridCoordSelectQuery -| => gribCoordsSelector.ex
|- gribID -| => gribCoordsSelector.resource;

gribFileSelector.data => grib.gribFiles;
gribCoordsSelector.data => grib.gribCells;

/I Arithmetic project
TupleArithmeticProject gribArithProject = new Tuple
grib.gribResult => gribArithProject.data;

|- [ "ZeroEpsilon(val, 0.000000000001)", "date_time
gribArithProject.expressions;

|- [ "rainFall", "date_time" ] -| => gribArithProje

/I This section will read the air temperature at t
(the columns) is exactly the same as the rainfall

nal environment */
LQuery

erialisation
g.OrderedTuplesMerge;
lIValues; //Grib processing

e, type, type_desc, type_unit
>='2006-01-01 00:00:00' and
d grid_x_size=281 order by

, lon, (' sqrt( ((lon-
as dist FROM “grid_coords2®

ssion;

pression;

ArithmeticProject();
"1-=>

ct.resultColumnNames;

he water station. The format




/I except for that the "val" column will contain t
rainfall

GribCellValues grib2 = new GribCellValues();
SQLQuery gribFileSelector2 = new SQLQuery();
SQLQuery gribCoordsSelector2 = new SQLQuery();

String gribFileSelectQuery2 = "SELECT file, date_ti

FROM grib_meta_c WHERE type="TMP' and date_time >

date_time <='2006-03-01 24:00:00' and forecast=0 an
date_time;";

String gridCoordSelectQuery2 = "SELECT id AS ID, la

19.55)*(lon-19.55)) + ((lat-49.3355)*(lat-49.3355))
order by dist limit 0,1;";

String griblD2 = "DbGribMetaResource";
String mode2 = "BLOCK";

|- gribFileSelectQuery?2 -| => gribFileSelector2.exp
|- gribID2 -| => gribFileSelector2.resource;

|- gridCoordSelectQuery2 -| => gribCoordsSelector2.
|- gribID2 -| => gribCoordsSelector2.resource;

gribFileSelector2.data => grib2.gribFiles;
gribCoordsSelector2.data => grib2.gribCells;

/I Arithmetic project

TupleArithmeticProject gribArithProject2 = new Tupl
grib2.gribResult => gribArithProject2.data;

|- [ "val-273.15", "date_time" ] -| => gribArithPro

|- [ "airTemp", "newDateTime" ] -| => gribArithProj

/I This section will read the rainfall at the wate
columns) is exactly the same as the rainfall

/I at Orava reservoir, except for that the locatio
GribCellValues grib3 = new GribCellValues();
SQLQuery gribFileSelector3 = new SQLQuery();
SQLQuery gribCoordsSelector3 = new SQLQuery();

String gribFileSelectQuery3 = "SELECT file, date_ti

FROM grib_meta_c WHERE type='CWDI' and date_time

date_time <='2006-03-01 24:00:00" and forecast=0 an
date_time;";

String gridCoordSelectQuery3 = "SELECT id AS ID, la

19.55)*(lon-19.55)) + ((lat-49.3355)*(lat-49.3355))
order by dist limit 0,1;";

String griblD3 = "DbGribMetaResource";

|- gribFileSelectQuery3 -| => gribFileSelector3.exp
|- gribID3 -| => gribFileSelector3.resource;

he temperature instead of the

me, type, type_desc, type_unit
='2006-01-01 00:00:00" and
d grid_x_size=281 order by

t, lon, ('sqrt( ((lon-
) ) as dist FROM "grid_coords2®

ression;

expression;

eArithmeticProject();

ject2.expressions;
ect2.resultColumnNames;

r station. The format (the

n lat-lon is changed

me, type, type_desc, type_unit
>='2006-01-01 00:00:00' and
d grid_x_size=281 order by

t, lon, ('sqrt( ((lon-
) ) as dist FROM “grid_coords2’

ression;




|- gridCoordSelectQuery3 -| => gribCoordsSelector3.
|- gribID3 -| => gribCoordsSelector3.resource;

gribFileSelector3.data => grib3.gribFiles;
gribCoordsSelector3.data => grib3.gribCells;

/I Arithmetic project
TupleArithmeticProject gribArithProject3 = new Tupl
grib3.gribResult => gribArithProject3.data;

|- [ "ZeroEpsilon(val, 0.000000000001)", "date_time
gribArithProject3.expressions;

|- [ "rainFallStation", "date_time" ] -| => gribAri

/I Extract reservoir data

SQLQuery oravaReservoirData = new SQLQuery();

// form connection c1 with an explicit literal stre
/l and query as its destination teplota_vzduch, odt

String waterWorkQuery = "SELECT vodne_dielo, datum,
odtok_cel_sucet FROM “new_vodne_diela> WHERE vodne
01-01 00:00:00' and datum <='2006-03-01 24:00:00' o

String waterworkDb = "DbSvpResource”;

|- waterWorkQuery -| => oravaReservoirData.expressi
|- waterworkDb -| => oravaReservoirData.resource;

/I Linear filter teplota_voda column

LinearTrendFilter oravaReservoirLinearTrendFilter =
oravaReservoirData.data => oravaReservoirLinearTren
|- 3 -| => oravaReservoirLinearTrendFilter.linearln

/I merge results from above workflows

OrderedTuplesMerge mergel = new OrderedTuplesMerge(
gribArithProject.result => mergel.tuplel;
oravaReservoirLinearTrendFilter.result => mergel.tu
Integer numberl = 1;

Integer number2 = 1;

|- numberl -| => mergel.tuplelpos;

|- number2 -| => mergel.tuple2pos;

// Station discharge

SQLQuery stationDischargeData = new SQLQuery();

String stationDischargeQuery = "SELECT id, timestam
Dicharge FROM "Qh® WHERE "id’= 5848 and day>='2006
and concat(day,time)>='2006-01-0100:00:00" and co
0124:00:00' order by day asc, time asc;";

String waterStationDB = "DbOravaWaterStationsResour
|- stationDischargeQuery -| => stationDischargeData

expression;

eArithmeticProject();
"1 =>

thProject3.resultColumnNames;

am expression as its source
ok_cel_sucet

teplota_vzduch, teplota_voda,
_dielo="'Orava' and datum>='2006-
rder by datum;";

on;

new LinearTrendFilter();
dFilter.data;
dex;

ple2;

p(day, time) as date, value as
-01-01' and day<='2006-03-01"
ncat(day,time)<="2006-03-

ce";
.expression;

%




|- waterStationDB -| => stationDischargeData.resour

/l Station Water Temperature

SQLQuery stationWaterTempData = new SQLQuery();

String stationWaterTempQuery = "SELECT id, timestam
Temp FROM "Thod” WHERE "id’= 5848 and day>='2006-0
concat(day,time)>='2006-01-0100:00:00' and concat(
order by day asc, time asc;";

|- stationWaterTempQuery -| => stationWaterTempData
|- waterStationDB -| => stationWaterTempData.resour

/I Station Water Level

SQLQuery stationWaterLevelData = new SQLQuery();

String stationWaterLevelQuery = "SELECT id, timesta
Level FROM "Hh® WHERE "id"= 5848 and day>='2006-01
concat(day,time)>="2006-01-0100:00:00' and concat(
order by day asc, time asc;";

|- stationWaterLevelQuery -| => stationWaterLevelDa
|- waterStationDB -| => stationWaterLevelData.resou

/I merge results from water station database

OrderedTuplesMerge merge2 = new OrderedTuplesMerge(
stationDischargeData.data => merge2.tuplel;
stationWaterTempData.data => merge2.tuple2;

|- number2 -| => merge2.tuplelpos;

|- number2 -| => merge2.tuple2pos;

OrderedTuplesMerge merge3 = new OrderedTuplesMerge(
merge2.result => merge3.tuplel;
stationWaterLevelData.data => merge3.tuple2;

|- number2 -| => merge3.tuplelpos;

|- number2 -| => merge3.tuple2pos;

OrderedTuplesMerge merge4 = new OrderedTuplesMerge(
mergel.result => merge4.tuplel;

merge3.result => merge4.tuple2;

|- numberl -| => merge4.tuplelpos;

|- number2 -| => merge4.tuple2pos;

OrderedTuplesMerge merge5 = new OrderedTuplesMerge(
merge4.result => merge5.tuplel;

gribArithProject2.result => merge5.tuple2;

|- numberl -| => merge5.tuplelpos;

|- numberl -| => merge5.tuple2pos;

OrderedTuplesMerge merge6 = new OrderedTuplesMerge(
merge5.result => merge6.tuplel;

gribArithProject3.result => merge6.tuple2;

|- numberl -| => merge6.tuplelpos;

|- numberl -| => merge6.tuple2pos;

ce;

p(day, time) as date, value as
1-01' and day<='2006-03-01' and
day,time)<='2006-03-0124:00:00'

.expression;
ce;

mp(day, time) as date, value as
-01' and day<='2006-03-01' and
day,time)<='2006-03-0124:00:00'

ta.expression;
rce;

%




// Final project

TupleArithmeticProject finalProject = new TupleArit
merge6.result => finalProject.data;

|- [ "rainFall", "teplota_vzduch", "teplota_voda",

"airTemp", "rainFallStation”, "Level" ] -| => final

|- [ "rainFall", "airTempAtReserviour", "waterTempA
"dischargeFromReserviour", "dischargeFromStation”,
"rainFallAtStation”, "waterLevelAtStation" ] -| =>

/|- [ "rainFall", "teplota_vzduch", "teplota_voda"
"airTemp", "rainFallStation", "Temp"] -| => finalPr

- [ "rainFall", "airTempAtReserviour", "waterTem

"dischargeFromReserviour", "dischargeFromStation”,
"rainFallAtStation", "waterTempAtStation" ] -| => f

/I Monitor the final project

Head headMon1 = new Head();
finalProject.result => headMonl.data;
|- 1 -| => headMon1.level,

TupleToWebRowSetCharArrays wrsMonl = new TupleToWeb
headMonl.data => wrsMonl.data;

Results resultMonl = new Results;
|- "training data" -| => resultMonl.name;
wrsMon1l.result => resultMonl.input;

//INow do some data mining...

//BuildClassifierLinearRegression buildClassifier =
BuildClassifierLinearRegression();

BuildClassifierLinearRegression buildClassifier = n
BuildClassifierLinearRegression();

finalProject.result => buildClassifier.data;
|- [1-] => buildClassifier.columnindices;
|- [1-] => buildClassifier.nominalValues;

|- 7 -] => buildClassifier.classindex;
predict

|- "-C 0.25 -M 2" -| => buildClassifier.options;
/l]- 10 -| => buildClassifier.folds;

//DeliverToNull r2 = new DeliverToNull();
//buildClassifier.evaluation => r2.input;
/l]- "actual and predicted" -| => result.name;

/I Classify our training data... bad idea but lets
Classify classify = new Classify();
finalProject.result => classify.data;
buildClassifier.classifier => classify.classifier;

hmeticProject();

"odtok_cel_sucet", "Dicharge”,
Project.expressions;

tReserviour",
"airTempAtStation"”,
finalProject.resultColumnNames;

, "odtok_cel_sucet", "Dicharge",
oject.expressions;

pAtReserviour",
"airTempAtStation”,
inalProject.resultColumnNames;

RowSetCharArrays();

new

ew

/l the value we are trying to

try it for now

%




/I project to get the actual value
TupleArithmeticProject actualValueProject = new Tup
finalProject.result => actualValueProject.data;

|- [ "waterLevelAtStation" ] -| => actualValueProje

|- [ "waterTempAtStation" ] -| => actualValueProjec

|- [ "actual" ] -| => actualValueProject.resultColu

/I Now see the actual and expected in one tuple - T
THE WRONG ORDER

TupleSimpleMerge actualAndPredMerge = new TupleSimp
actualValueProject.result => actualAndPredMerge.dat
classify.result => actualAndPredMerge.data[1];

TupleToWebRowsSetCharArrays wrs = new TupleToWebRowS
actualAndPredMerge.result => wrs.data;

Results result = new Results;
|- "actual and predicted" -| => result.name;
wrs.result => result.input;

leArithmeticProject();
ct.expressions;

t.expressions;
mnNames;

HESE SEEM TO BE BEING MERGED IN

leMerge();
a[0];

etCharArrays();

%%



