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Approaching the problem

Characterizing a company

(a) Official surveys, General
Business Register, Chamber of
Commerce, etc.

(b) Data providing companies

Figure: Traditional methodology
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Approaching the problem

Characterizing a company

Proposed new methodology:
[ten Bosch et al., 2018]

. o Field of growing importance for
(a) Official surveys, General Official Statistics Insti
Business Register, Chamber of icial Statistics Institutes.
Commerce, etc. o Valuable way to supplement
i administrative sources and metadata
systems.

o Web data are more volatile and usually
unstructured but in many cases also
richer and more frequently updated.

(b) Data providing companies
Figure: Traditional methodology
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Text Mining

Web Scraping

State-of-the-Art

o Linkage between business websites addresses (URLs) and a business
population frame [Van Delden et al., 2019].
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studying the text on its website [Daas and van der Doef, 2020].
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Text Mining

Web Scraping

State-of-the-Art

o Linkage between business websites addresses (URLs) and a business

population frame [Van Delden et al., 2019].

@ Supervised Learning model to determine if a company is innovative by
studying the text on its website [Daas and van der Doef, 2020].
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Figure: Scraped variables
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Text Mining

Preprocessing

o Removal of characters: numbers and punctuation marks.

o Converting words to lower case.

o Words cleaning by language detection:

o Detection and removal of stop words.
o Stemming (mapping of the different morphological variants to their base form).

def limpieza(lista_palabras):
stemmer = Snowballstemmer("spanish”)
= stopwords.words(’ spanish’)
= [p.lower() for p in lista_palabras if(p.lower() not in stop_words and p.isalpha())]

stop_words =
lista_filtrad
lista_final = [stemmer.stem(p) for p in lista_filtrada]

return lista_final

‘contact’, ‘estud

print(linpieza(pag_parsed))
['accesibil’, 'corre’, 'rankings', 'iguald', 'emprend’, 'histori', 'eleccion’, 'conveni', 'normat’, 'bous’,
i, ‘grad’, 'master’, ‘doctor’, 'investig', 'investig', 'crai’, 'fius’, 'convocatori’, 'doctor’, 'bibliotec’, 'cultur’, 'depor
t', 'agend’, 'campus’, empres’, 'emprend’, 'ebc’, 'patent’, 'catedr’, 'internacional’, ‘alianz’, 'conveni’, 'ogpi’, 'ranking
s*, "cooper’, ‘profesor’, 'pas’, 'directori’, ‘estudi’, ' . *, 'alumni’, ‘search’, 'rankings’, 'iguald’, ‘emprend’,
‘histori’, ‘eleccion’, 'conveni’, ‘normat’, ‘bous’, ' ‘grad’, ‘master’, 'doctor’, 'investig', 'investig’, 'c
rai’, 'fius', 'convocatori', 'doctor’, 'bibliotec’, ' ‘agend’, ‘campus’, 'empres’, ‘emprend’, ‘ebc’, 'paten
t', ‘catedr’, 'internacional’, 'alianz', 'conveni', ' *cooper’, 'profesor’, 'pas’, 'directori’, 'estudi’, 'pr
ofesor’, 'pas’, 'alumni’, ‘aup’, 'estudi’, 'actual’, 'univers', 'estudi', 'investig', 'cultur’, 'deport’, 'vist', 'vist', 'vis
t', ‘vist', 'vist', ‘vist', 'vist', 'vist', 'estudi', 'investig', 'estudi', 'transparent’, 'destac’, 'estudi’, 'investig', 'emp
res', 'directori’, 'editorial’, 'editorial’, 'search’, ‘encuentran’, 'encuentran’, 'rankings', 'iguald’, ‘emprend’, 'histori',
‘eleccion’, 'conveni’, 'normat’, 'bous', 'contact’, 'estudi’, 'grad’, ‘master’, 'doctor’, 'investig®, 'investig’, 'crai’, 'fiu
*convocatori®, doctor’, 'bibliotec’, 'cultur’, 'deport’, ‘agend’, 'campus’, empres’, 'emprend’, 'ebc’, 'patent’, 'cated
*conveni’, ‘ogpi’, 'rankings', 'cooper’, 'profesor’, ‘pas’, 'directori’]

st
v,

*internacional’, 'alianz’,

Figure: Processed text
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Grouping and feature selection techniques

Clustering

o Grouping words by their weights 3; in a classification model.
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Grouping and feature selection techniques

Clustering

o Grouping words by their weights 3; in a classification model.
o Penalized logistic regression: ridge regression
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Grouping and feature selection techniques

Clustering

o Grouping words by their weights 3; in a classification model.
o Penalized logistic regression: ridge regression

n P P
min > (v —Bo =D _A)’ + A DB A>0
i=1 Jj=1 Jj=1

o Density-based clustering: DBSCAN [Ester et al., 1996].
o Designed for the clustering of large noisy datasets.
o Clusters with arbitrary shape.
o Detection of outliers.
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ature selection techniques

Clustering

o Grouping words by their weights 3; in a classification model.
o Penalized logistic regression: ridge regression

n P P
mﬁinZ(y,- —Bo—= > Bixi)?+ XD B A>0
i=1 Jj=1 Jj=1

o Density-based clustering: DBSCAN [Ester et al., 1996].
o Designed for the clustering of large noisy datasets.
o Clusters with arbitrary shape.
o Detection of outliers.

n_clusters: 23
n_noise: 95

-10.0 75 -5.0 -25 0.0 25 5.0 7.5

Figure: Clustering according to the weights

Machine Learning defines innovation Lleida, 27/10/2023



Grouping and feature selection techniques

Fisher's Exact Test

Determining the dependence between two categorical variables: X: the variable
appears yes/no in the company's website; Y: the company is innovative yes/no.

\ Appearance  Non-appearance
a b
c d

Innovative
Non-innovative

Table: Contingency table

p-value < threshold — we assume that there is a significant dependence between
the appearance and the innovative character.
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Grouping and feature selection techniques

Fisher's Exact Test

Determining the dependence between two categorical variables: X: the variable
appears yes/no in the company's website; Y: the company is innovative yes/no.

\ Appearance  Non-appearance
a b
c d

Innovative
Non-innovative

Table: Contingency table

p-value < threshold — we assume that there is a significant dependence between
the appearance and the innovative character.

Tabla de contingencia para la palabra: adult Tabla de contingencia para la palabra: afric
adult False True afric False True
INNOVACION INNOVACION

2] 515 13 ] 525 3
1 797 3 1 793 7
p_valor: 0.001104618269509042 p_valor: ©.7482567547446752

(a) Rejecting independence (b) Assuming independence

Figure: Examples of Fisher's Test
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Grouping and feature selection techniques

Clusters que pasan el test de Fisher

@

E) En E s o s o 75

Figure: Selected clusters for the features of the model
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Classification model

Random Forest

Model variables

o 1310 instances (companies).
o 4336-features 87 features:
o 4204-werds 48 clusters
(30 noise + 18 groups).
o 132-htmltags 39 html tags.

o Response: Innovative YES/NO.
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Figure: Machine Learning model:
Random Forest
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Classification model

Random Forest

Model variables

o 1310 instances (companies).

o 4336-feattres 87 features:
o 4204-words 48 clusters

(30 noise + 18 groups).

o 132-htmltags 39 html tags.

o Response: Innovative YES/NO.

Prediction label

1 0
1 228 34
o=
£3
0 92 9

Table: Confusion matrix over test set
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Figure: Machine Learning model:
Random Forest

Effectiveness measures
@ 0.7 CV accuracy
o 0.87 sensitivity
o 0.46 specificity
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Classification model

Interpretation of results and definition of innovation
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Figure: Variable relative importance
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Classification model

Interpretation of results and definition of innovation

PDP interact for "etiqueta_long_head" and "etiqueta_long_body"
Number of unique grd poins: (cbquela_long_head: 10, etiqueta_long_body: 10)

Qe
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Figure: Partial dependence plot (PDP): long head and long _body

PDP for feature *n_imagenes”
Numberof unique grid poits: 10

Figure: Individual Conditional E)n{;“:ctation (ICE) plot: n_imagenes
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Conclusions and further work

o The webpage content of innovative companies in Andalusia is more
homogeneous than that of non-innovative ones.

o How the webpage is constructed prevails over its content.

o It is possible to carry out a study in time of the concept of innovation
through the importance of the variables.
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Conclusions and further work

Conclusions

o The webpage content of innovative companies in Andalusia is more
homogeneous than that of non-innovative ones.

o How the webpage is constructed prevails over its content.

o It is possible to carry out a study in time of the concept of innovation
through the importance of the variables.

o Extrapolate the model to small companies.
o Enhance interpretability:

o Exploiting background knowledge, e.g., semantic meaning clustering:
Must-Link and Cannot-Link constraints (C-DBSCAN [Ruiz et al., 2010]).
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Thank you for your attention!

ecarrizosa@us.es

This work has been carried out within the framework of the research project “Una
herramienta de Machine Learning para la actualizacién y el desarrollo del
Directorio de Empresas y Establecimientos con actividad en Andalucia”
CEI-23-FQM329, which has received funding from the Junta de Andalucia
(Consejeria de Economia, Conocimiento, Empresas y Universidad).
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research groups belonging to 18 universities and
research centres.
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researchers




[math _In]

= - 080
C R M g == UNIVERSIDADE DA CORUNA Universidad
Rey Juan Carlos

CENTRE DE RECERCA MATEMATICA

Universitat de les

Illes Balears UNIVERSITAT

MM2P) POLITECNICA
DE VALENCIA

(bcam)  [SNAD

basque center for applied mathematics

Universidad deValladolid

UniversidaggaVigo :

UNIVERSIDAD DE ALMERIA ﬁ?

Universidad Euskal Herriko
del Pais Vasco  Unibertsitatea + 400

Researchers in

Universidad Applied &
Politécnica _ Industrial
de Cartagena Universidad de D Ztghrill;?)?rm MathematICS

®UCLM

Castilla~La Mancha



[math-in]

IBERIAN MODELLING WEEK
JULY 17-21 2023 , PALMA DE MALLORCA

”
iy
G CONSELLERIA

O FONS EUROPEUS,

[math-'n] E MATHS @ Universitat | AC3 - E°S:;':‘°g:;:: UNIVERSITAT | CULTURA ‘




Problems

5 problems are presented, 2 of which are proposed by the PT-maths -in (Portuguese network) and the other
3 by the Spanish math-in.

1. Route Optimization for a set of vendors.

2. Group testing of large populations.

3. Diversity in Cluster Analysis.

4. Development of an algorithm for automatic segmentation and guidance of cryoablation intervention for
desmoid tumors.

5. Towards more efficient Lithium metal batteries.
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Problema 2: "Analisis de medidas de temperatura para cocinado inteligente"

B/S/H/

BSH Electrodomésticos Espaiia, S.A.

Coordinadores Académicos | Samuele Rubino, Profesor Contratado Doctor Interino. Departamento de Ecuaciones
Diferenciales y Analisis Numérico, Universidad de Sevilla, e Isabel Serra Mochales, Doctora en Matematicas, Grupo de
Sistemas Complejos del Centre de Recerca Matematica (CRM) y grupo CAOS del BSC.

Coordinador Empresarial | Emilio Placer Maruri head of global gas pre-development (research lines & innovation).

Especialista | Angel Gerardo Velazquez Lépez, Catedratico de Ingenieria Aeroespacial, Universidad Politécnica de Madrid
(UPM).

Descripcion | Se trata de crear soluciones sencillas que mejoren la calidad de vida de los usuarios, ya que es una obligacion,
sobre todo para las sociedades envejecidas. Para ello y basandose en los sensores disponibles, que recogen la informacion
mediante una lectura continua cada 100 ms de voltaje de una serie de funciones con duracién en torno a los 10 minutos, se
busca analizar dicha informacién y tratar de evitar eventos que puedan causar problemas a los usuarios. En la mayor parte de
los casos, una mirada profunda permite identificar tendencias que indiquen lo que va a suceder, en este caso, mediante una
correlacion entre los cambios de comportamiento de las variables estudiadas con los eventos, es decir, se conoce el segundo
en el que se produce el evento y se busca hacer un analisis previo de las variables capturadas para intentar predecir en las
siguientes repeticiones en qué momento hay riesgo que se produzca el evento. Desde el punto de vista matematico, habria
que integrar problemas de simulacion numérica con el analisis de datos.
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ROMSOC (Reduced Order Modelling, Simulation and
Optimization of Coupled Systems): EID Marie Curie Network
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Red Espanola Matematica-Industria

Mathematical technologies

ST | Stats,
Machine
Learning

Modelling and installation of
geothermal systems
InterTech | UPV

OR |

Maps risk of weed infestation Optimization

MODES | ITMATI, UDC

height
9.875e+00

CAD/CAE |
Simulation

5.2232

05714
-4.0804

=-8.732e+00

OMT | Other
Maths Tools

Resolve the depth of
satellite images
TAMI | UIB

Dynamic draft study with constant environmental variables.
mat+l, M2NICA | ITMATI, USC, UDC
i4sea.
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REAL ACADEMIA ESPANOLA

Diccionario de la lengua espafiola Edicion del Tricentenario

Consulta posible gracias al compromiso con la cultura de la :K Fundacién "la Caixa”

por palabras v|| Escriba aqui la palabr: . Consultar

algoritmo

Quiza del lat. tardio *algobarismus, y este abrev. del ar. clas. hisabu Igubar 'calculo mediante cifras arabigas'.

1. m. Conjunto ordenado y finito de operaciones que permite hallar la soluciéon de un problema.

2. m. Método y notacion en las distintas formas del calculo.
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] Mathematical technologies

[math In Stats, Machine Learning (ST)

Red Espanola Matematica-Industria

Classification.
Forecasting.
Quallty control. Watermark of the discharges made by five aircraft that
participated in the extinction of a fire that occurred in Galicia in
: : ' ' the summer of 2017.
Risk analysis. Credit scoring. MODES | ITMATI, USC,

Coremain

Customer analysis. Market/product
studies.

Experimental design.

Clinical analyses. Biostatistics

Information Systems for Health Plannlng
US
CARTO




[math-in]

Off the shelf Machine Learning tools, e.g. (deep) neural networks

Image analysis.
uUiB
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* 1+  Mathematical technologies
[math-ln] Operations Research (OR)

Red Espanola Matematica-Industria

Supply Chain Management.
Production.
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Optimal vectorization of airspace.
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Solar Tower Plants Design and Maintenance.
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Red Espanola Matematica-Industria

CAD/CAE
Mechanical or structural. Fluids.
Thermal or thermodynamic. Acoustic or vibro-acoustic.
Manufacturing processes. Environmental.
Electronic and/or electromagnetic. Other, such as multi-physics.

Efficient Metal Purification Strategy
mat+i | ITMATI, USC
Ferroglobe

Intelligent Buildings
usS
ILUNION Hotels
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Digital images.
Geometric analysis.

Digital signal processing. Search and
processing of information

Design of geographical tracking systems.

Communication networks.

Codification of information.

Mapping high-resolution soil properties with
: : geoadditive models. Predicted R-factor Map (left), R-
Computation, computational algebra. factor by month (above). BCAM, Neiker

Bio-informatics, Bio-mathematics, genomics
and proteomics.
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