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Distributed data mining on the Grid

Knowledge discovery (KDD) and data mining (DM)
are:

= compute- and data-intensive processes/tasks
= Often based on distribution of data, algorithms, and users

The Grid integrates both distributed computing and
parallel computing, thus it can be a key infrastructure
for high-performance distributed knowledge discovery.

It also offers

= security, information service, data access and management,
communication, scheduling, fault detection, ...
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Distributed data mining on the Grid

The Grid extends the distributed and parallel computing
paradigms allowing resource negotiation, dynamical
allocation, heterogeneity, open protocols and services.

As the Grid became a well accepted computing
infrastructure it is necessary to provide data mining
services, algorithms, and applications.

Those may help users to leverage Grid capability in
supporting high-performance distributed computing for
solving their data mining problems in a distributed way.
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Grid services for distributed data mining

Exploiting the SOA model and the Web Services
Resource Framework (VWSRF) it is possible to define basic
services for supporting distributed data mining tasks in

Grids

Those services can address all the aspects that must be considered in
data mining and in knowledge discovery processes

= data selection and transport services,
= data analysis services,
= knowledge models representation services, and

= visualization services.
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Grid services for distributed data mining

It is possible to define services corresponding to
Single Steps

that compose a KDD process such as preprocessing,
filtering, and visualization.

Single Data Mining Tasks

such as classification, clustering, and association rules
discovery.

Distributed Data Mining Patterns

such as collective learning, parallel classification and
meta-learning models.

Data Mining Applications or KDD processes

including all or some of the previous tasks expressed
through a multi-step workflow.
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Data mining Grid services

This collection of data mining services can constitute an

Open Service Framework for Grid-based Data Mining

Allowing developers to design distributed KDD processes
as a composition of single services available over a Grid.

Those services should exploit other basic Grid services for
data transfer and management such as
= Reliable File Transfer (RFT),
Replica Location Service (RLS),
Data Access and Integration (OGSA-DAI) and
Distributed Query processing (OGSA-DQP).
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Data mining Grid services

By exploiting the Grid services features it is
possible to develop data mining services
accessible every time and everywhere.

This approach may result in
= Service-based distributed data mining applications
* Data mining services for virtual organizations.

= A sort of knowledge discovery eco-system formed of a
large numbers of decentralized data analysis services.
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Grid services for distributed data mining

Service-based systems we developed

= Weka4WVS

* Knowledge Grid

" Mobile Data Mining Grid Services
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Knowledge Grid
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The Knowledge Grid

Knowledge Grid: a distributed knowledge discovery
architecture that can be configured on top of generic Grid
middleware

A first prototype has been implemented on GT2 based on
a high-level user interface for application composition
(VEGA)

The Knowledge Grid services are currently being re-
implemented as VWWSRF-compliant Web Services.

M. Cannataro, D. Talia, The Knowledge Grid, Communications of the ACM, vol. 46, no. |,
pp. 89-93, 2003.
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Knowledge Grid architecture
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Basic Grid services
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The Knowledge Grid and WSRF

The Knowledge Grid services are currently being re-
implemented as WSRF-compliant Web Services.

They can be invoked by client interfaces, programs, and
other services

— L ocal interaction

------ * Possibly remote interaction

A. Congiusta, D. Talia, P. Trunfio, Distributed Data Mining Services Leveraging WSRF,
Future Generation Computer Systems, vol. 23, no. |, pp. 34-41, 2007.
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The Knowledge Grid and WSRF

Each K-Grid service is
exposed as a Grid Service —* Local interaction Client

= === Possibly remote interaction interface
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The operations provided by
the Core K-Grid services Core-level K-Grid Services
are invoked both by High- Basic Grid Services

level and Core K-Grid
services
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Knowledge Grid: Service operations

Service Operation Description

This operation is invoked by a client for publishing a
newly available dataset. The publishing requires a set

of information that will be stored as metadata in the
local KMR.

Data to be used in a KDD computation is located dur-
ing the application design by invoking this operation.
The searching is performed on the basis of appropriate
parameters.

This operation is used to publish metadata about a
data mining tool in the local KMR. As a result of the
publishing, a new DM service is made available for
utilization in KDD computations.

It is similar to the searchData operation except that
it is targeted to data mining tools.
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Knowledge Grid: Service operations

Service Operation Description

This operation receives a conceptual model of the ap-
EPMS submitKﬂpplicationo.': plication to be executed. The EPMS generates a cor-
<" responding abstract execution plan and submits it to

the RAEMS for its execution.

Retrieves results of a performed KDD computation
and presents them to the user.

This is the basic, core-level operation for publishing
data or tools. It is thus invoked by the DAS or TAAS
services for performing their own specific operations.

The core-level operation for searching data or tools.

) ~ This operation receives an abstract execution plan of
RAEMS : the application. The RAEMS generates an instanti-
) * ated execution plan and manages its execution.
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Knowledge Grid: High-level application design

start

. schema: “/../DMService.wsdl”
' |operation: “clusterize”

,’I argument: “EM”
data mining data mining data mining data mining f, |argument: “I100-N-1-S 90

schema: “/../DMService.wsdl’ )
operation: “classify”

argument: “J48” \“ _ . . .
argument: “-C 0.25 -M 2 1 data mining data mining data mining data mining

Gile transfer) [file transfer) Gile transfer) Gile transfer)
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The WekadWS framework

Weka is one of the most used open source suite for data
mining.

In Weka, the overall data mining process takes place on a
single machine; the algorithms can be only locally executed.

WekadWS extends Weka to support distributed
execution of the Weka data mining algorithms

= All data mining algorithms provided by the Weka library are exposed as
WSRF-compliant Web Services

= Globus Toolkit 4 is used for basic Grid functionalities such as security and
data transfer.

Talia D., Trunfio P., Verta O., Weka4WS: a WSRF-enabled Weka Toolkit for Distributed
Data Mining on Grids. Proc. PKDD 2005, LNCS, pp. 309-320, 2005.
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WekadWS architecture

We distinguish Weka4WS nodes in two categories:

= user nodes, which are the local machines of the users providing the
Wekad4WS client software

computing nodes, which provide the Weka4VWVS Web Services
allowing the execution of remote data mining tasks

Data can be located on computing nodes, user nodes, or third-
party nodes

If the dataset to be mined is not available on a computing
node, it can be copied or replicated by means of the GT4
data management services.
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Software components

Graphical Web
User Interface Service

Weka Client Weka
Library Module Library

GT4 Services GT4 Services

User node Computing node

User nodes include three software components:

= Graphical User Interface (GUI)
= Client Module (CM)
" Weka Library (WL)
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Software components

Graphical Web
User Interface Service

Weka Client Weka
Library Module Library

GT4 Services GT4 Services

User node Computing node

Computing nodes include two software components:

" Web Service (WYS)
" Weka Library (WL)
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Software components

Graphical Web
User Interface Service

Weka Client Weka
Library Module Library

GT4 Services GT4 Services

User node Computing node

The GUI extends the Weka Explorer environment to allow
the execution of both local and remote data mining tasks:
" Jocal tasks are executed by directly invoking the local WL

" remote tasks are executed through the CM, which operates as an
intermediary between the GUI and Web Services on remote
computing nodes
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Software components

Interface Service -
Algorithm

Weka Client - invocation
Library Module Library

GT4 Services GT4 Services

User node Computing node

The WS is a WSRF-compliant Web Service that exposes

the data mining algorithms provided by the underlying
Weka Library

Requests to the WS are executed by invoking the
corresponding WL algorithms

European Research Network on Foundations, Software Infrastructures and Applications for large scale distributed, GRID and . E
Peer-to-Peer Technologies m

European Commission -24 - ||'|"i||'|'||'|.|r_i| M SOciey




Weka4WS Graphical User Interfaces

Weka4WVS extends the GUIs of Weka:

= Explorer

= available with Wekadws 1.0 (grid.deis.unical.it/weka4ws

= KnowledgeFlow

n WekadWws Eprur WekadWs KnowledgeFlow Environment
( Preprocess | Classify || Cluster | | Select DataSources | DataSinks Classifiers

Classifier Visualization
Choose |}48 -C 0.25 -M 2 :

Z — = = P | e
Test options Classifier output ‘ ‘r:l\ H {r?). ‘ {F:l ‘m

) Use training set w== Run information (carme.deis.unical.it) me= o e bl R o T

O Supplied test set

Scheme: weka.classifiers.trees. 48 -C 0.25 -M 2
® Cross-validation Folds |10 Relation: s Knowledge Flow Layout
- - Instances: 150
Percentage split Attributes: 5
- . sepallength 9 b raph [P
More options... sepalwigth : —E +EJ@J
e — petallength
v etalwidth 1d ode]

(Nom) class glass SF e et omcal dt Graphiiewer

Contiolipnel Test mode:  10-fold cross-validation

[ st | | Reload hosts |

- -
wmm Classifier model (full Training Set) mes - batchg ?RF‘;@ mxr F=='
|tnmz.deis.unlul.it ~| X : 75 { n@J

148 pruned tree -

Result list ¢right-click for option:

13:46:55 —Yr:esms o Waker L el e O ey Text¥iever

L4655 - trees. 48 petalwidth <= 0.6: Iris-setosa (50.0)
talwidth > 0.6 trainings GEdh A

13:46:56 - trees.|48 Pe o | 3 text :

13:46:56 - trees.|48 | petalwidth <= 1.7 G == (F) ___barctg ﬁ; ey 4|

| petallength <= 4.9: Iris-versicolor (48.0/1.0)

I petallength > 4.9

I
|
] | petalwidth <= 1.5: Iris-virginica (3.0) Cross¥alidation Building mode’ Classifier Text¥iever
[ | petalwidth > 1.5: Iris-versicolor (3.0/1.0) FoldMaker thebe . dels. umca‘\ it PerformanceEvaluator

I

Explorer KnowledgeFlow
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Wekad4WS Explorer

WikadWEs Explorer
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= Crgss-valdpisgs Folds 10
Frch g gl
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A “Control panel” allows users to submit both local and remote tasks

has been added to the original Weka Explorer environment
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Wekad4WS Explorer

Pl st | Crassify | Cheflei  Astociele | Selecl alisdestis | Vissalize |
Chassifeer

Chonse [EH-C 025 -M ¢
Tl againns Classiiin nugesa

Ul5e inamming g

GRID

Q ........... Please run one service for me

N

A drop down menu allows to choose where to run the current data
mining task (“Local”, “Auto”, or a specific host)
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Wekad4WS Explorer

Hosts log e

Checking 8 hosts...
> . Host "jupiter.deis.unical.it" is not reachable.
Host "sinope. deis.unical.it" is not reachable.
r m!mu“ I’Classify . Ca_nneclion to globus ccmtaine_r at "minos_c_s.il:ar.l:nr._il" timeq out,
Classifi . Failed 1o contact g!obus container at host "icarus.cs.icar.cnr.it”.
Co . carme.deis.unical.it added successfully.
Choose |ZeroR . thebe. deis.unical it added successfully,
- - . Failed to contact globus container at host "europa.deis.unical.it".
Test options . Host name “callisto. pluto, saturn.it” can't be resohved,
osts checking completed, 2 added successfulby.

) Use training set

) Supplied test set

® Cross-validation Folds |10

) Percentage split

More options...

(Nom) class -|
Control panel

[(san || sw Reload hosts

[Lunl

Result list (right- click for options)

Status
Hosts addresses loaded.

A button allows to reload the list of hosts and check for the availability
of the Globus container on each host
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Wekad4WS Explorer

| WekadWs Explorer (=D
[ Preprocess | Classify | Cluster | Associate | Select attributes | Visualize |
Classifier

Choose ()48 -C 0.25 -M 2

Test options Classifier output

() Use training set === Run information (carme.deis.unical.it) ===

) Supplied test set Set.. Scheme: weka.classifiers.trees, )48 -C 0.25 -M 2

® Cross-validation Folds |10 Relation: ad
l Instances: 656
) Percentage split Attributes: 1559

- [list of attributes omitted]
More options... . 5 5, n inder test

|0~Jom) class === (lassification interrupted ===
Crntrol gadas

carme.deis.unical.it

Result list (right- click for options)
13:50:42 - trees.]48
13:50:43 - trees.J48
13:50:45 - trees.J48
13:50:47 - trees.]48

Status
Classification interrupted

A button allows to stop, if needed, both the local and the remote
computation of the data mining tasks
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ekad nlore

[ Preprocess | Classify | Cluster | Associate | Select attributes | Visualize |
Classifier

| Choose |J48 -C0.25 -M 2

Test options Classifier output
() Use training set

=== Run information (carme.deis.unical.it) ===
() Supplied test set Set..

Scheme: weka.classitiers.trees. )48 -C 0.25 -M 2
@® Cross-validation Folds |10 Relation: s
_ 10 | Instances: 150
() Percentage split Artributes: 5
= sepallength
More options... | sepalwidth
petallength
| (Nom) class | petalwidth
Control panel class .
Test mode: 10-fold cross-validation

| st | stop | Reload hosts |

| carme.deis.unical.it |

Result list ¢right-click for options)
13:46:55 - trees.)48

13:46:55 - trees.J48 |
13:46:56 - trees.]48

13:46:56 - trees.)48

Status w
Wekad4Ws: Remote datamining in progress. See log for details. Log x4
Cl Cl C Cl C] O C . . Cl . C . C . C C C] . A C A
-
d DIC Uald : d d C d - c O d Cl C C OLC
@
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Wekad4WS Explorer

Log ElEIED

10:11:21: Started on Thursday, 7 June 2007
10:11:20: Base relation is now iris (150 instances)
10:13:24: Started weka. classifiers.rules. ZeroR
10013:24: carme.deis.unical.it: => Setting up transfer... (0s)

10:13:25: carme.deis.unical.it: Resource creation... (0.775)

10:13:27: Started weka. classifiers.rules, ZeroR

10:132:27: thebe deis.unical.it: = > Setting up transfer... (0s)

10:13:27: thebe. deis.unical.it: Resource creation... (0.07s5)

10:13:27: thebe. deis.unical.it: Motification subscription... (0.665)

10:13:27: carme.deis.unical.it: Matification subscription... (2.115)

10:13:20: thebe. deis.unical.it: Transfer not performed, dataset "iris.arf™ alreacdy available. (2.375)
10:13:20 thebe.deis.unical.it: Femote data mining... (0s)

10:13:320: carme.deis.unical.it: Transfer not performed, cdataset "iris. arff" already available. (2.475)
10:12:20: carme. deis.unical.it: Remote data mining... {0.01s)

10:13:31: thebe deis.unical.it: <= Results received. (1.21s)

10:13:3 1 thebe. deis.unical.it: Time taken to build ZeroR model: [ 45 ] (05)

10:13:31: thebe deis.unical.it: Resource destruction,.. {0s)

10:12:31: carme.deis.unical it: <= Results raceived. (1.225)

10:12:21: carme.deis.unical.it: Time taken 1o build ZeroR model; [ €5 ] {0s)

10:13:2 1 carme.deis.unical.it: Fesource destruction,.. {0s)

10:13:21: Finished weka.classifiers.rules. ZeroR

10:13:3 1: Finished weka.classifiers.rules. ZeroR

| stan_ | <o | Reload hosts | | === Detailed Accuracy By (1ass ===

[thehe.deis.uniﬂl.it v| TP Rate FP Rate Precision Recall F-Measure (lass

= = = = 1 1 0.333 1 0.5 Iris-setosa
Result list right- click for options) ] 0 i} ] 0 Iris-versicolor
10:13:24 - rules.ZeroR 0 0 0 0 0 Iris-virginica
10:13:27 - rules.ZeroR

=== Confusion Matrix ===

<-- classified as
Iris-setosa
Iris-versicolor
Iris-virginica

a b
50 0
50 0
50 0

[«
0] a
O] b
o] c

The detailed log allows to follow the remote computations step by step
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Wekad4WS Explorer

u WekadWs Explorer x

[ Preprocess | Classify | Cluster | Associate | Select attributes | Visualize |
Classifier

Choose (J48 -C 0.25 -M 2

Test options Classifier output

() Use training set === Run information {carme.deis.unical.it) ===
L Supplied test set il Scheme: weka.classifiers.trees. 48 -C 0.25 -M 2

a e | | Relation: iris

\,?) Cross-validation Folds [M Instances: 150

() Percentage split € Attributes: 5
sepallength
sepalwidth
petallength
| qvom) class | petalwidrh

Control panel class

. N|Test mode: 10-fold cross-validation
Start Stoj Reload hosts

| carme.deis.unical.it -

More options...

=== Classifier model (Tull training set) ===

J48 pruned tree
Result list ¢right- click for options)
13:46:55 - trees.)48

13:46:55 - trees. |48 petalwidth <= 0.6: Iris-setosa (50.0)
13:46:56 - Urees.}48 petalwidth > 0.6

s | petalwidth <= 1.7
13:46:36 - trees.|48 | petallength <= 4.9: Iris-versicolor (48.0/1.0)

|
| | petallength > 4.9

| | | petalwidth <= 1,5: Iris-virginica (3.0)
|

I

| | petalwidth > 1.5: Iris-wersicolor {3.0/1.0)
petalwidth > 1.7: Iris-wirginica (46.0/1.0)

| toa | g x0

Whenever the output of a data mining task has been received from a
remote computing node, it is visualized in the standard Output panel
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Wekad4dWS KnowledgeFlow

WekadWs KnowledgeFlow Environment
( DataSources | DataSinks || Filters | Classifiers | Clusterers | Evaluation | Visualization |
7' ‘Visualization

lelaln[n [&n

Data ; Scatter : Attribute Model ; Text : Graph
Wisualizer PlotMatrix Summarizer PerformanceChart Yiewer Yiewer

owledge Flow Layout

/ ilding model on :
Trainin 1 - X G —
Semake?- = teis.unical.it raphy

P -—t “ iMer) =
L ! p ?ﬂ: . 4 ex » 45 )
(2?" = (oo 5 7o) - E@ |

o NAIVE

TestSet Building model on Classifier Textiiewer
Haker mebe_degs_m-i cal.it |'erfornanceEvaluator

trainings M A =
"_"t,k __testSety ‘:‘-‘-f'o P _ hatch( ?E_Iﬁg — text o ffoo
< M & j Q)

Building model on Classifier TextWiewer
Cmgg@;‘gmg:wn thebe.ele?s_m‘i cal.it PerformanceEvaluator

|

Status
Weka4Ws: Remote datamining in progress. See log for details.

A data mining workflow can be composed and run on several Grid nodes.
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Mobile Data Mining Grid Services
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Grid Services for Mobile Data Mining

The main research goal is to support a user to access data
mining services on mobile devices.

The system includes three

L]
components: I
i == provider — Data
= | provider i provider
e oy
D
i

= Data providers. o
/}.-c' \\
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The Mining server

A Mining server implements two Grid Services:

= Data Collection Service (DCS): invoked by a data provider to
store data in the data store.

= Data Mining Service (DMS): invoked by a mobile client to ask for
the execution of a data mining task.
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Grid Services for Mobile Data Mining

A user can select which part of a result (data mining
model) he wants to visualize.
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Impact of the WSRF overhead
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It can be observed that the data mining phase takes approximately from
95% to 99% of the total execution time

Thus the overhead due to the WSRF invocation mechanisms is
negligible for typical data mining tasks on large datasets
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Impact of the WSRF overhead

Execution times
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In a larger scenario the data mining step represents from 85% to
88% of the total execution time, the dataset download takes about
1 1%, while the other steps range from 4% to 0.5%

European Research Network on Foundations, Software Infrastructures and Applications for large scale distributed, GRID and | -~
Peer-to-Peer Technologies I l"""l'r el

European Commission -39 - Information Socicty
Toehrbonse



Wekad4WS: application speedup on a Grid
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Final remarks

Single data mining tasks can be delivered as Grid services, knowledge
discovery processes can be implemented as complex Grid services.

Scientific and Business VOs can benefit from their integration and
avalability

Systems like the KNOWLEDGE GRID and Weka4WS show the
effectiveness of the approach.

In a long-term vision, pervasive collections of data mining services and
applications will be accessed and used as public utilities.
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Thank you!

Credits:

Mario Cannataro
Eugenio Cesario
Antonio Congiusta
Marco Lackovic
Andrea Pugliese
Oreste Verta
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WekadWs KnowledgeFlow Environment
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A data mining workflow can be composed and run on
several Grid nodes
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A data mining workflow can be composed and run on

several Grid nodes
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WekadWs KnowledgeFlow Environment
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A data mining workflow can be composed and run on
several Grid nodes
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A data mining workflow can be composed and run on
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A data mining workflow can be composed and run on
several Grid nodes
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A data mining workflow can be composed and run on
several Grid nodes
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WekadWs KnowledgeFlow Environment
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Weka4Ws: Remote datamining in progress. See log for details.
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DataSources | DataSinks | Filters | Classifiers | Clusterers | Evaluation | Visualization |

12:45:42: thebe.deis.unical.it: Classifier : assuming last column is the class

I || 12:45:42: carme.deis.unical.it: Classifier : assuming last column is the class
Data || 12:45:42: thebe deis.unical.it. = > Setting up transfer... (0s)

Yisualize|| 12:45:42: thebe deis.unical.it: = > Setting up transfer... {0s)

12:45:42: carme.deis.unical.it: => Setting up transfer... (0s)

12:45:43: thebe.deis. unical.it: Resource creation... (0.07s)

Knowledge Flow Layq| 12:45:43: carme.deis.unical.it: Resource creation... (0.07s)

|| 12:45:43: thebe.deis.unical.it; Resource creation... (0.09s)

12:45:44: carme.deis.unical.it: Notification subscription... (1.23s)

12:45:44: thebe.deis. unical.it: Motification subscription... (1.225)

12:45:44: thebe. deis.unical.it: Motification subscription... {(1.24s)

12:45:46; carme.deis.unical it: Transferring dataset file “iris. arff* (2.01s)

12:45:46: thebe.deis. unical.it: Transfer not performed, dataset "iris.arff already 3

12:45:46: thebe. deis. unical.it: Transfer not performed, dataset “iris.arff" alreadhy ¢

12:45:46: thebe.deis. unical.it: Remote data mining... (0.01s)

12:45:46: thebe.deis. unical.it: Remote data mining... (0s)

12:45:46: carme.deis.unical.it: Dataset file "iris. arff" transferred successfully. (0.5

12:45:48: carme.deis.unical.it: Remote data mining... (1.64s)

12:45:49: carme.deis.unical.it. <= Results received. {(1.19s)

12:45:49: carme._deis.unical.it: Time taken to build |48 model: [ 65 | (0s)

12:45:49:; carme.deis.unical.it: Resource destruction... (0s)

12:45:50: thebe.deis.unical.it: <= Results received. {3.78s)

12:45:50: thebe. deis. unical.it: Time taken to build NaiveBayes model: [ 75 ] (0s)

12:45:50: thebe.deis. unical.it: Resource destruction... {0s)

12:45:54: thebe.deis.unical.it: <= Results received. (7.4s)

12:45:54: thebe deis unical it: Time taken to build SMO model: [ 115 ] (0s)

12:45:54: thebe.deis. unical.it: Resource destruction... {0s)

Status
Weka4Ws: Remote datamining in progress. See log for details.

A data mining workflow can be composed and run on
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Status
Weka4Ws: Remote datamining in progress. See log for details.

A data mining workflow can be composed and run on
several Grid nodes
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Result list Text
12:45:51 - NaiveBayes| === Evaluation result performed on thebe.deis.unical.it ===
12:46:35 - NaiveBayes

12:48:45 - NaiveBayes| Scheme: NaiwveBayes
Relation: iris

=== SUMmMary ===

Correctly Classified Instances 144
Incorrectly (lassified Instances 6

Kappa statistic 0.94
Mean absolute error 0.0324
ROOT mean squared error 0.1495
Relative absolute error 7.2883 %
Root relative squared error 31.7089 %
Total Number of Instances 150

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure (lass
0 1 1 1 Iris-setosa
0.04 0.923 0.96 0.941 Iris-versicolor
0.02 0.958 0.92 0.939 Iris-virginica

=== Confusion Matrix ===

<-- classified as
a = Iris-setosa
b = Iris-versicolor
c = Iris-virginica

8

Weka4Ws: Remote datamining in progress. See log for details.
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Nodes in the KnowledgeFlow can be grouped and
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