Algorithms
Data Mining
and Parallelism

Javier Muguerza

www.sc.ehu.es/aldapa

...... AIorltth

D at% Mining Laboratory of Human-Computer Interaction for Special Needs- ALDAPA
and Computer and Architecture and Technology Department

Parallelism University of the Basque Country (UPV/EHU) UPV - EHU




ALDAPA - Algorithms, Data Mining and Parallelism

= 12 researchers

= 6 lecturers (PhD)
Olatz Arbelaitz
Agustin Arruabarrena
Ibai Gurrutxaga
José Ignacio Martin
Javier Muguerza
Jesus M. Pérez

= 1 researcher (PhD)
Jose Maria Martinez

= 4 PhD students
Joseba Alberdi
Igor Ibarguren
Aizea Lojo
Inigo Perona
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ALDAPA - Algorithms, Data Mining and Parallelism

= Arises in 2001 from the High Performance Solutions
team (1990)

= Research activity:

= machine learning, data mining

= supervised and unsupervised learning, prediction,
optimisation

= solving real problems

= efficient solutions
= prallelism and high performance computing
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ALDAPA - Algorithms, Data Mining and Parallelism

= | atest colaborations

Algorithms
Data Mining
and
Parallelism

S21sec (computer security)
Ikerlan (object movement modelling)
Tecnalia (prediction - robotics)

IK4 - Vicomtech - Bidasoa Turismo (web user
modelling - tourism)

Nano-bio Spectroscopy Group (HPC, GP-GPU)

LIPCNE - egokituz (user modelling - web
mining and social networks, BCI)
[integration process]
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ALDAPA - Algorithms, Data Mining and Parallelism

"= Current research projects

= UPV/EHU - Research group
= All research lines

= Basque Government - Saiotek

= Web mining, Social web mining, Adaptive
systems

= Spanish government
= Web mining for users with special needs
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ALDAPA - Algorithms, Data Mining and Parallelism

/Previous lines \

>> NEUFODI: ANN for detection and diagnosis

>> OCR - FORM-LESS: automatic character recognition
>> Optimization: VRPTW, PET

>> MALBEC: malware behaviour modelling

\>> CAMIKER: object movement modelling /

Current lines

>> CTC - HARITZA: comprehensibility, class imbalance
>> MODELACCESS: web user modelling, social web mining
>> Physiological CS: BCI, ECG

................
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NEUFODI: ANN for detection and diagnosis

* BACK-UP TRIP:

* BACK-UP TRIP:

* BACK-UP TRIP:

* BACK-UP TRIP:

s ELEMENT FAULT :

* ELEMENT FAULT :

= BREAKEER FAILURE :
= BREAKEER FAILURE :

Another case?

FAILURE :

LEZAMA LEZAMA-MUNGIA

MORGA MUNG IA—-MORGA-BERMED—ZAMUD 10
BERMEO HMUNGIA-MORGA-BERMEO—-ZAMUDIO
ZAMUD IO MUNG IA-MORGA-BERMEO—-ZAMUD IO
HMORGA HMUNCG IA-Z2AMUD I0-MORGA
ZAMUD IO MUNG IA-ZAMUD I0-MORGA

MUNGIA MUNGIA-ZAMUD IO-MORGA

MUNGIA EB-1-2

" Techniques:
Artificial Neural Networks (MLP) + Parallelism

Algorithms

Data Mining 6\
and P

Parallelism ALDAPA

Iberdrola - electric
power
transportation

flood of alarms

"

UPV - EHU



OCR - FORM-LESS: automatic character recognition

0127456783 = Typewritten text (250K)
D12 34 5R78EC = High variability and poor
n12 34~€ETeEQ quality

217 % 456 2 4 = error 2% — 3 months
m1 2 14556788 = High accuraccy

* Techniques:

Supervised Classification (k-NN,...)
Hierarchical systems
Unsupervised learning

Parallelism
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Optimization: Vehicle Routing Problem with TW

PY-EH._arf - DefGraf
Archivo YWer Zoom  Calcular Butas

= Delimited time
= Lots of constraints

= Route

T -. _: e - N . . "

o SRS Pamplona 1S4 =T @ Minimizing costs
+ III. — = o e, W W - - !

faf ORI O A

_____ i
s

. i # H 0 e i

* Techniques:
Simulated Annealing
Genetic Algorithms
Greedy - Search

Algorithms
Dat% Mining m‘. Laboratory of Human-Computer Interaction for Special Needs- ALDAPA
and Computer and Architecture and Technology Department
Parallelism AEDARA University of the Basque Country (UPV/EHU) UPV - EHU




Optimization: Personalized Electronic Tourist guide

= MCTOPTW
= Real time
= Adaptive system

= Maximizing User
experience

* Techniques:
“ Iterative local search
* Time dependent algorithms
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MALBEC: malware behaviour modelling

" Computer security

= |ntrusion detection systems (Unsupervised anomaly
detection)

= Malware Classification (Clustering) --> MALBEC

FA MALBEC
File Tools

[x] m100cTree.xml

Graph Controls Zoom Panel Controls

| Collapse H Expand || Expand one level | | + | - | | Save Text @ Node Information View (' Partition Viey

‘ENM[E: C30

HEIGHT: 0.35.

GIZE: 2

LOoP: 31
_I_I- m] ll | ||¥irus names
Seq. 1: C:1\D its and Setting Escritorionere proiektuak'MALBEC resources'\00afe7061d8ae0be2a7b660f4de6c85a.xml Lz 100,02
Seq. 2: C:\Doc ts and Setting Escritorio'nere proiektuak MALBEC resourcesilaaac 1f2152b112e909cdf951df87 1ad.xml 411 file rame
Length seq. 1: 210 — |[e4: g64lcdlbl
CE!  Length seq. 2: 201 56: TazZdfdall

Edit Distance: 42.0 —
Rel. Distance: 0.2

CE c7

................
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MALBEC: malware behaviour modelling

B MALBEC platform

Graph Controls
Collapse Expand Ex NAME: C98
HETGHT: 0.95
SIZE: 100
WVirus names and frequencies:
27 27.0% FBackdoor.Win3Z.Rbot [75,53,6,10,24,14,27,7,65,83,55,39,
10 10.0% Trojan.WiniZ.hgent [15,67,90,78,60,28,57,49,80,61)
N Mode Information \ 10 10.0% PBackdoor.Win32. Gobot [23,93,44 77 ,095,86,9,79,25,37)
[ 0% Trojan-Downloader.Win32. Agent 111,33,4,41,558,22)
Collapse Node . . . .
0% Virus.Win3Z.Parite (7d,68,48,92,63)
Expand Node 0% Net-Worw,Windz.Mytob [35,31,2,85,18)

=
e

Expand One Level Backdoor.WinsZ. PoeBot [1,69,3)

_ 0% Backdoor.WindzZ.Woothat (73,32)
[RRREIRIEIESTe Backdoor.Win3z.Agobor  (59,08)
) Change cluster’s label 0% Trojan-Downloader.Win3z.Delf (89, 18]
Prune cluster 0% Trojan-Dropper.Win32, Loent (66 ,0]

=
S

Backdoor.Win3Z. IRCEoL 170 ,45)
Trojan-PEW.Wind2. 2mall (64d,42)
Net-Worm,Winsz, Padobot  (96,51)
Trodan.Hin3A2. Pakes a7

New Subtree

=
s

L]
A

S ST ST ST O N O O PO T
b I e Y st Y it Y 0 Y % Y N e o A T A =
=
A

)
s

----------------

Algorithms
J m Laboratory of Human-Computer Interaction for Special Needs- ALDAPA

Data Mining §
and Computer and Architecture and Technology Department

Parallelism AEDARA University of the Basque Country (UPV/EHU) UPV - EHU




CAMIKER: object movement modelling

= Movement
modelling

= Anomaly
detection

* Techniques:
= Clustering
* Time-series
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CAMIKER: object movement modelling

‘ZHEH‘Z| Clustering - Trayectorias ‘Z”EHZl

\\f A\ j- .

: ‘-‘ﬁ'& -
&

* Techniques:
= Clustering
* Time-series
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ALDAPA - Algorithms, Data Mining and Parallelism

Previous lines

>> NEUFODI: ANN for detection and diagnosis

>> OCR - FORM-LESS: automatic character recognition
>> Optimization: VRPTW, PET

>> MALBEC: malware behaviour modelling

>> CAMIKER: object movement modelling

(Current lines \

>> CTC - HARITZA: comprehensibility, class imbalance
>> MODELACCESS: web user modelling, social web mining
>> Physiological CS: BCI, ECG

----------------
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CTC - HARITZA: comprehensibility, class imbalance

= Need of machine learning techniques that
" Produce a comprehensible models
= Able to deal with class imbalance problems

= Supervised techniques: i\
= Classification t DT
assification trees (DT) @A/ﬁ/

= Rule induction, ... — .. Ej
= Consolidated trees: CT (own proposal) l

= Benefit of combining

multiple subsamples but f{%}) cT

without loss of explaining
capacity (single tree)

Algorithms
Dat% Mining m‘. Laboratory of Human-Computer Interaction for Special Needs- ALDAPA

and Computer and Architecture and Technology Department
Parallelism AEDARA University of the Basque Country (UPV/EHU)




CTC - HARITZA: comprehensibility, class imbalance

Haritza Platform - GUI

Generador de Submuestras o ]

Fichera de Farmatao: I DA TRushPertzonalahbreast-whbreast-w for - 5 | Datos del Fichero Muestia

[:ATsuzhPertzonalatbreast-whbreast-w. data Ll N® de Casos: IEEE
z g I b
DAT aushPertsonalahbreast-w _7'| Fraude 48

| [Eargar Muestia Enamal I [Eancel I

Fichero Muestra: I

I™ Crear Directario De&tinn:l

|Mue&tra oniginal cargada. Introduce el resto de parametroz...

¢ Submuestras aun ¢ CrossValidation ¢ Laduoi.data s id, id > data o~ cambiar Aprioi
tanto por ciento Distribucian al zar

[T Cambiar Formata (FIO = LIBRE] | v Generar Lista de |dent's de Caszo [*lid] |

— Datos para Generar lag Submuestraz | — Cross Validation — Traducir data -» lid, Iid -» data

o — Cambiar Spriori
M2 de Submuestras: |1 M2 b ddulos [m]: Distrbucitn &l &zar 1= ME de Sub : ID—
# de Submusstras:
Tamafio: ToOpos! [639 |1” Fichero Muestra Baze;
AMaro: —I I [SALD il data > id] # Claze Ot IEI
Estrahhcadés ) . Solo split r ID:'\T:-:us\.lkerkuntza&SUftwale’\Gur 7 | . .
MO aprion € Explicito » Especificar tamafio. =
s | : o Estratificados [T Fichero Salida: ID—
on A eemplazamiento T i
L ID:\T:-:us\lkerkuntza\Snftware\Gur ¥ | Smans
Distribucidn al &zar [
— Ficheros generados
Generar Submuestraz Cancel
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CTC - HARITZA: comprehensibility, class imbalance

Haritza Platform - Scripts

C Boot.scp - Bloc de notas o =] [
Archivo  Edicion  Formato  Ayuda
SCRIPT_COM s

D
# Maoo

A

# Generacion CT con 30 Submuestras Bootstrap
&

EXPERIMENTC_COM
DIRECTORIO_TRABAIC: I:hbreast—wHhMOOooh,

GEMERADOR_SUBMUESTRAS_COM

Crear_birectorio:
FICHERC_DATOS:
FICHERC_FORMATO

Tipo_generadar:
Numero_muestras:
Tam_muestras:
Estratificacion:

Modo_Extraccion:
pistribuir_al_sazar:

modo_nombre_fichero:

BoOtY,
breast-w+sin000+0. data
L hhreast-w. for

Muestras
30
EL_MISMO
[ile}

COMN_REEMPLAZC
[ile}

automatico

nombre_fichero: Boothhreast—w+*+0. data

num_ficheros: 30

Crear_directorios: e}
(GEMERADOR_SUBMUESTRAS_FIM
CARGAR_MUESTRA_COM

Tipo_arbal: CONSOLIDADD

Mum_Ficheros: 30

FICHERO_DATOS:
FICHERO_FORMATO:
CARGAR_MUESTRA_FIN

Boothhreast—w+*+0. data
Lohhreast-w. for

(COMSTRUIR_ARBOL _CONSOLIDADD_COM
Guardar sin_datos CT_30_Boot. arh
Fich_Training_Base: breast-w+sin000+0. data
COMSTRULR_ARBOL_CONSOLIDADCO_FIN

PODAR_ARBOL_COM
mom_Fic_data: breast-w+sin000+0.data
Nom_Fic_arh_Podado: CT_30_Boot_pruned.arh
PODAR_ARBOL_FIM

EXPERIMENTO_FIN

Lot
#

A

# Generacion CT con 30 Submuestras Bootstrap

1| |L|_/!
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MODELACCESS: web user modelling

= Objective in any context:
= To adapt web pages to the need of the users

= Adaptation becomes especially critical when the
users have special needs

" Contexts:

= Tourism website - Bidasoa Turismo
= Discapnet - ONCE

................
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MODELACCESS: web user modelling

= Web mining: the application of data mining
techniques to the Web data

= Usage mining
= Content mining
= Structure mining

= Phases:
= Data acquisition and preprocessing.

= Pattern discovery and analysis: Machine
Learning.

= Exploitation.

Algorithms
Dat% Mining m‘. Laboratory of Human-Computer Interaction for Special Needs- ALDAPA

and Computer and Architecture and Technology Department
Parallelism AEDARA University of the Basque Country (UPV/EHU) UPV - EHU




MODELACCESS: web user modelling

= bidasoa turismo

&= | @ www.bidasoaturismo.com

ES*EU v |

| Euskalterm Elhuyar Labayru Zehazki

HONDARRIBIA-IRUN .

= Turismoa

Bidasoa |

Gaikako
turismoa

Turismo
gastronomikoa

Turismo
profesionala

Non
lo egin?

Agenda -
TOP

GABONETAKO AZOKA (Irun)

@
@ PIN PAN PUN - HAURREN GABONETAKO
PARKEA (Eskualdea) . |
|

& EGUBERRIAK HONDARRIBIAN (Hondarribia) H

+ Mugaz gaindiko Agenda

Gure eskaintzak
@ Aukera anitz itsasoan
1

Aukera anitzak |
eskeintzen dituen
Bidasoako Eskualdean

Algorithms
Data Mining
and

Parallelism ALDAPA

& Txingudi GPS-an

Smartphonentzako
*Txingudi en GPS"

h bideak aitsiz eskualdetik

~ @ | |*8~ bidasoa turismo Q|
ZT Hiztegia Telekomunikazicak Danobat Batua OEH UZElsin. Itzu
N Espanol - Frangais + English  Web mapa
Bilatu (o}
Agenda Gure Informazio |  Deskargak
- albisteak | proposamenak praktikoa eta Multimedia

‘denetik zerbait
asko da

Bidasoa Txingudiko eskualdeak izena hartzen du bi
elementu geografikotik: Bidasoa ibala, nafar mendi
auzoetan sortzen dena. eta Txingudiko badia. ibaia
itsasoratzen den gunea. Ezaugarri horiek Frantzia eta
Espainiaren arteko muga natural bihurtu zuten urteetan
zehar

Aipagarriak

& Jatexe Tradizionalak

Gure produktuen kalitatea zure mahaian.

@ Sukaldaritza Berritzailea

Sukaldaritza-artea edonon gure eskualdean.

@ Hotelak
Zure neurriko egonaldiak.

@ Airetiko Euskal Kostaldea

Paisaiaz 400 metroko altuerara goza ezazu.

................
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MODELACCESS: web user modelling

Website
content

Webserver
logs

vLva

= Techniques:

Clusterin
Topic extraction Sessions: URLs' sequence g

T1 T2 ™
= - usrl: urll url3 url2 url5
8 ur||21 usr2: url4 url2 url3 Frequent
Q - : A1
é N usrk: url2 url3 url4 url5 Pattern Mlnlng
ﬁ uriN coo N
2 = Topic
oc o
= ons: Topics' = -
E¢ |Sessions: Topics' vector = Model ||ng
- usrl:(T%,T%,...,Th) 5

E m

usrk: (T, TS, ....T%)
LZD 6006 V &2 y
E e D) la>) \{:‘(\eéo o
= >
w ©
D
- \
Navigation profiles

= o®
=
= o (>
s
(&)
£ @O
o
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MODELACCESS: web

= discapnet

user modelling

& | @

www.discapnet.es/Castellano/

ginas/default.aspx

la meteo que viene

@ |

ES-EU ~ |

| Elhuyar

Euskalterm ZT Hiztegia

Batua ltzuL

Orotarikoa

UZEI sin.

a I &

Parallelism

Aigoﬁthms
Data Mining

Elige la edad para ver las solteras cerca de ti

@® 20-29 O

discapnet

El Portal de las Personas con Discapacidad

30-39 @ 40-49 @ 50+

s Contactar = Mapa web  Accesibilidad

Anunciate en jgcapnet=

Eh S\

ONCE

Fundacion
trabajando JUNTOS

sibilidad
cia'la web

772 usuarios conectados

£\ Usuaries 7 Registrate

Buscador

» Derechos
» Educacion
» Salud

» Tecnologia

» Accesibilidad

) Mas Areas Tematicas

‘
Hoy en discapnet

Mantener el IVA reducido a los productos de apoyo a
las personas con discapacida

El CERMI recuerda a
Hacienda la necesidad
de mantener el IVA

. reducido a los
productos de apoyo a
las personas con
discapacidad. Ante 1a
revision sobre la normativa del IVA que ha de efectuar
Espana tras Ia condena de enero del pasado ano del
Tribunal de Justicia de la Unién Europea por haber
ampliada injustificadamente el listado de productos
con VA reducido

77 =

Recomendamos

Solicitud de ayudas para proyectos
dirigidos a personas con discapacidad

El BOE acaba de
publicar la Convocatoria
para la solicitud de
ayudas a proyectos
dirigidos a personas
con discapacidad
promovida por la
Fundacién ONCE para la Cooperacion e Inclusion

» Canal Junior Educativo
» Canal Senior

» Weblogs

Bibliografia

o ﬁ I
El Observatorio de la Accesibilidad de COCEMFE
analiza en su primer informe el eurotaxi

Dividido en 10 capitulos donde se analiza la historia

del eurotaxi, su importancia, y evolucién, asi como la

legislacion relativa a este medio de tran
Actualizada hoy a las 13:21 Comenta esta noticia

P Ir a Comunidad

Noticias y eventos

Destinan 7.100 euros a los programas de lucha
contra el cancer

El Ayuntamiento de Alcorcon destina 7.100 euros a

los programas de lucha contra el cancer de la AECC
Actualizada hoy a las 9:19 Comenta esta noticia

La ONCE y su Fundacién impulsan la cifra récord de
7.100 nuevos empleos para personas con
discapacidad en 2013

En 2014 se destinaran a través de Fundacion ONCE
mas de 74 millones de euros al empleo y
accesibilidad de personas con discapacidad.

Actualizada hoy a las 7:13 Comenta esta noticia

Propuesta a las universidades

El CERMI propone a las Universidades un
reglamenta de apoyo al personal docente &
investigador con discapacidad.

Actualizada hoy a las 7:12 Comenta esta noticia

» Mas noticias sobre discapacidad

Fueantne

* Techniques:

= Supervised and unsupervised a

and
ALDAFRPA

Laboratory of Human-Computer Interaction for Special Needs- ALDAPA
Computer and Architecture and Technology Department
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» Noticias sobre Discapacidad
» El sector social, al dia

» Actualidad

» Solidaridad Digital

S

» Noticias Facil &

P Mas Actualidad

Destacados

@ otisdall

collaborative portal

Gestign de tramites
administrativos _@:

s

Buscar empleo
(Zrtalento

!_Agendo % tﬁ

e —
[

Canal Medio
Ambiente

amsssauanEs

Problem
detection
web

Web
personalization

user,

sugerencias

lgorithms
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MODELACCESS: social web mining

Qo
elegune

" social network adapted -§&
for users with special %7
needs

= expansion stage

= social network mining
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MODELACCESS: social web mining

PASO 4
.|
|f_ ; | iy ol R Salir £ Es‘:rihe 'EI
=k _8 nkla > Coupos = Buscar grupos 7 mmbrﬂ' d‘E‘I
' . . Erupo que
. . Buscapom qUIErﬂﬁ bUSEar
e 4 1 0 ]
Aupa Erreatas Escribe @l grupe que quieres buscar S
T
(FFE Grupos ] =D GEn 2o
EMI': Erupos - & i
Buscar grupos i L= | =
o . | 55 !
G st o GAIRLE ML Pﬂmmr:nmm
B FEmnaaE :.1 rEnaaEa ¥ L
+3 W)

Eapan arcio W . LS ITEdra. oo ..

................
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Physiological Computing Systems: BCI, ECG

= Brain Computer Interface

" From electroencephalography signal (EEG) to
command devices

Slgnnl ﬁcquim!mn Engna‘l’sdr;ésslr‘;;‘ Davice
Commands

_| Feature Translation
W}w:m11100(:_11?01011101100 Eitattion —= Alce

i Digit
LSRR Rzed

Raw signal

,W

Intermedr.a!e

Simple
commurmcation

Control
m‘ external
eeeee

—1‘:%“‘}'; _
s,
4%\:\ ny

Neuroprosthetic ¢
limbs

- 1.\1
. Lege controlled v

,d"""'-i by electrodes

................
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Physiological Computing Systems: ECG

Behavioral Biometrics (ii)

Next generation one-lead setup

»~ Hand palms/fingers sensor
+ _Two electrodes (no gel)

* Integratable in everyday items /\\}

Recognition rates (identification)
* 60 subjects
o >94+0.9%, with 4s or less

Hugo Silva, Instituto de Telecomunicacdes
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HPC - Parallelism: material physics, gp-gpu

B High Performance Computing (HPC)

Collaboration with Nano-Bio Spectroscopy group (physicist)

¥ Reach petaflop computing with a scientific
code - analysis of performance and
scalability

B Simulate photosynthesis of the light in

chlorophyll (OCTOPUS code:
http://www.tddft.org/programs/octopus/)

“ Machines “ Multi-level parallelism (mpi,
Vargas, Mare Nostrum, Juguene...  OpenMP, GP-GPU)
SC|ent|f|c libraries: BLAS, LAPACK,
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ALDAPA - Algorithms, Data Mining and Parallelism

Eskerrik asko
Muchas gracias
Thanks for your attention
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http://www.sc.ehu.es/aldapa
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