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MILC repositories

N Original dataset v
avgiR+ rDep+ qxd ¢ =

Dataset + Domain ¢ m ¢ d ¢ q ¢ Card¢ Dens¢ Div¢ -
20NG3) Text 19300 1006 20 1029 0051 0003 1007 0984 3.88E+08 & - Multi-Label Classification Dataset
35-bbc10003) Text 352 1000 6 1125 0188 0234 1718 0733 211E+06 & Repository by KDIS Research Grou p of
3s-guardian1000[2) Text 302 1000 6 1126 0188 0219 1773 0.667 181E+06 & the Univers ity of Coérdoba
3s-inter3000[2) Text 169 3000 6 1142 0190 0172 1766 0.400 3.04E+06 L (http://www.uco.es/kdis/mllresources/)
COMETA Home Browse datasets Submit a dataset
Browse datasets
74 datasets

Click the name of a dataset to access information and downloads. Sort the table by clicking the corresponding header.

Name ¢ Instances®  Attributes$ Inputs® Labels$ Labelsets: Single$ Maxfreq® Cards Dens® MeanIR$® Scumble$ TCS$
bibtex 7395 1995 1836 159 2856 2199 an 24019 00151 124983  0.0938 205414
birds 645 279 260 19 133 73 204 1014 00534 5407 0,033 13.3955
bookmarks 87856 2358 2150 208 18716 14971 6087 20281 00098 12308 00597 228479 -> COMETA ( htt ps://cometa.ujaen.es/ d atasets/ )
Dataset statistics & download
BoW Feature Number of Number of ~ Numberof  Avg.Points  Avg. Labels Original
Dataset Download , - X ) ; i
Dimensionality Labels Train Points  Test Points per Label per Point Source
LF'Am"Z""T:‘;Sk BoW Features Raw text 40,000 131,073 294,805 134,835 5.15 229 28] The Extreme Classification Re pos Ito ry:
LF-Amazon-131K BoW Features Raw text 80,000 131,073 294,805 134,835 5.15 2.29 28] H
i Multi-label Datasets & Code
320K BoW Features Raw text 40,000 312,330 693,082 177,515 4.67 2.11 -
LF-WikiSeeAlso-320K BoW Features Raw text 80,000 312,330 693,082 177,515 4.67 211 (h tt D : // m a n I kva r m a . O rg/d OWn I o a d S/XC
LF-WikiTitles-500K BoW Features Raw text 80,000 501,070 1,813,391 783,743 17.15 4.74 - .
AmazonTies /XMLR itory.html
LRAmazonTities BoW Features Raw text 128,000 1,305,265 2248619 970,237 3824 2220 [29] + [30] epository.html) 3

1.3M



https://cometa.ujaen.es/datasets/
http://manikvarma.org/downloads/XC/XMLRepository.html
http://manikvarma.org/downloads/XC/XMLRepository.html
http://www.uco.es/kdis/mllresources/

FAIR data principles

& @
Findable Accessible
Data is described with (Meta)data are Metadata is based on
rich metadata. retrievable using formal vocabularies
(Meta)data are standard for knowledge
assigned URIs and are communication representation.

protocols. Metadata

easy to find for both
are always accessible.

humans and machines.

&
Reusable

Data have a clear
usage license and
accurate
provenance
information.



FAIRness in existing MLC data repositories?

Data descriptors are not based on formal ontologies and vocabularies.
Limited interoperability.

No clear information about the licence and terms of usage.



How do we make MLC data FAIR?



Semantic web technologies

Enhance data on the web with
structured, self-describing, semantic
data. T T T T T 7=

Still
experimental

Semantic Web Technologies:
URI, RDF, RDFS, SPARQL, etc.

Standardizatior
in progress

Fully
Standardized
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The Semantic Web is not a separate Web
but an extension of the current one, in
which information is given well-defined
meaning, better enabling computers and
people to work in cooperation.

-Tim Berners-Lee



Semantic annotation of MLC datasets

Provenance information annotation

DM-specific annotations



Provenance Information annotation

{
What? “@context":"https://schema.org/",

"@type”:"Dataset”,
“name" :"Forestry_Kras_LiDAR_Lansat™”,

DeSCI'IbeS the Ol’lgln Of a dataset "description"”:"Remotely sensed data from the Karst region, Slovenia.",

“url”:"http://semantichub.ijs.si/ontodm",

“creator":{
“@type":"Person”,
Why’) "url": "https://www.researchgate.net/profile/Daniela_Stojanova2",
- “name" : "Daniela Stojanova"

}
"temporalCoverage”:"2081-08-03, 2002-05-18, 2002-11-16, 2003-03-18",

Helps better understand, easily cite  spatiatcoverage":«

and reuse the data. s
Search engines can index the atitude: 45,3818, "
datasets and improve discoverability. =~ = "toroitude’ 12,4515

) &

“citation": {

HOW? u"(adt;::": "ScholarlyArticle",
"name": "Estimating vegetation height and canopy cover from remotely
sensed data with machine learning”,

Annotate datasets with the i “identifier": "https://doi.org/lo.glme/j.ecoinf.2010.03.004"
SChema.org VocabUIary “license": "https://creativecommons.org/licenses/by/4.8/"

¥
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Semantic annotation of MLC datasets

Provenance information annotation

© DM-specific annotations
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ML-specific annotations

Annotation of:
datatypes
data specification
ML task
MLC related meta features

Annotations based on community standard ontologies for
machine learning.

12



OntoDT

OntoDT: completely
labeled data with
missing values

The OntoDT ontology is a generic
ontology for representation of
knowledge about datatypes.

OntoDT: completely
labeled data

OntoDT: completely
labeled data without
missing values

It was initially designed for ONloDT:recod wih
generating descriptors of datatypes
for data from the domain of data

mining and using them to determine o —
the data mining task and the set of
applicable algorithms

OntoDT: semi-labeled
data with missing
values

OntoDT: semi-labeled
ata

I

OntoDT: semi-labeled
data without missing
values

OntoDT: completely labeled
data with missing values and

OntoDT: completely labeled
data with missing values and
with structured output

OntoDT: completely labeled
data with missing values and
without primitive output
OntoDT: completely labeled
data with missing values and
without structured output

OntoDT: semi- labeled data
with missing values and with
p put

OntoDT: semi- labeled data
with missing values and with

OntoDT: semi-labeled data
without missing values and
P P

OntoDT: semi-labeled data
without missing values and
with structured output

OntoDT:
data with missing
values

Its usage is not restricted and it can
apply to a variety of domains. —[°"J‘n’£’1;:ﬁ§’;’n“e:'€‘“}—[°"‘°°E;2'ﬂ”""*"

OntoDT: unlabeled
data without missing
values

Source: Pance Panov, Larisa Soldatova, Saso DzZeroski. Generic Ontology of Datatypes. Information Sciences 329 (2016) 900-920

13


http://www.sciencedirect.com/science/article/pii/S0020025515005800

OntoDM-core

v @ "batch predictive modeling task’

H v-@° ised dicti delling task’
e OntoDM-core is an ontology of core e R on
2Tl 1 v-@" ised feature-based primiti tput diction task’
data mining entities. G e
® OntoDM_Core prOVIdeS a framework 'supervised binary classification task’
L. . 3 'supt?rvised muni:class cl'assification task’
for describing the key DM entities,  supevised ieoressiontek. - ,
supervised structure based primitive output prediction task
i.e.. data. DM task generalizations v @ 'supervised structured output prediction task’
) ’_ . ! . ! Y ‘supervised feature-based structured output prediction task’
DM algonth ms, |mp|ementat|ons of v 'supervised hierarchical classification task’

> superwsed DAG based hlerarchlcal classification task’

jfication task’

algorithms, DM software. A

e OntoDM-core defines several v S Supervised MUl arget prediction T3S
. v 'supervised multi-target classification task’
taX0n0mIeS SUCh as taXOI’lomy Of ‘supervised multi-target binary classification’
. ‘supervised multi-target multi-class classification task’
datasets, data mining tasks, and data 'supervised multi-target regression task’

‘supervised time-series prediction task’

m|n|ng a|90rlth ms. i 'supervised structure based structured output prediction task’

Panov P., Soldatova L., Dzeroski S. Ontology of core data mining entities. Data Mining and Knowledge Discovery 28(5-6):1222-1265, 2014
DOI 10.1007/s10618-014-0363-0

14


http://link.springer.com/article/10.1007/s10618-014-0363-0#

Meta learning for the task of MLC

e  Meta-learning is a machine learning sub-field and an approach of learning from past experiences or from data
of past machine learning experiments commonly referred to as meta-data .

e The meta-dataset usually consists of a set of dataset characteristics (or meta-features)..

e Meta features describe the datasets from a task level. This means that they encode knowledge for the task
properties. As such, they can be used to make an empirical study for the properties of the learning task or to
guide practitioners to better understand the expected challenges for solving their problem.

e Moyano et al. (2017) defined a list of meta-features specific for multi-label classification datasets,
categorized into 5 groups:

o dimensionality, e.g., number of features, number of labels, number of instances
o label distribution, e.g., frequency, cardinality and density of labels
o label imbalance, e.g., mean of inter-class imbalance ratio
o labels relationship, e.g., proportion of distinct labelsets
o attribute metrics, e.g., number of binary attributes
e Thereis an open-source Java-based tool for calculation of the meta-features of multi-label datasets.

Moyano, Jose M., Eva L. Gibaja, and Sebastian Ventura. "MLDA: A tool for analyzing multi-label datasets." Knowledge-Based
Systems 121 (2017): 1-3.

15



MLC meta-features taxonomy

I e s O D)

it

10.

162,

S

14.

i

Attributes
Labels
Instances
Labelsets
LxIXF

VA

# binary attrbutes
# nominal
attributes

# numeric
attributes
Proportion of
binary attributes

. Proportion of

nominal
attributes
Proportion of
numeric
attributes
Numeric
attributes with
outliers
Proportion of
maxim label
combination
Proportion of
unique label
combination

Statistical meta-

attributes

1. Avg. abs.
correlation
numeric
attributes

2. Mean of kurtosis

3. Mean of
skewness of
numeric
attributes

4. Mean of mean of
numeric
attributes

5. Mean of standard
deviation of
numeric
attributes

Information-
theoretic meta-
attributes

. Mean of

Distribution between the labels

entropy of
nominal
attributes

. Average gain
rato

(

General features for labels

Imbalances

v \ 4

distributions | between labels
)
1. Cardinality * 5 *
2. Density
3. Frequency Inter class Intra class
4. Standard deviation of L

label cardinality
. Min, max, mean of
entropy of labels

(&)

1. Mean of IR inter-

. L. class
6. Kurtosis cardm'ahty 2 Max of IR inter-
7. Skewness cardinality o

3. CVIR inter-class

=5

. Mean of IR intra-

class

. Max of IR intra-

class

. Mean of standard

deviation of IR
intra-class
Mean of IR per
labelset

. Max of IR per

labelset

Relationship between the
labels

0l

12.

13.

Bound

. Diversity

SCUMBLE

. Proportion of distinct

labelsets

Number of labelsets up to n
examples

Ratio of labelsets up to n
examples

Average examples per
labelset

Standard deviation of
cxamples per labelsct
Number of unique labelsets
Ratio of labelsets with
number of examples less
than half of the attributes
Number of unconditionally
dependent label pairs by
chi-squuare test

Ratio of unconditionally
dependent label pairs by
chi-square test

Average of unconditionally
dependent label pairs by
chi-square test
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DM-specific annotation schema for MLC datasets

DM-dataset

is about

has_part

MLC
dataset

has_part

has member

supervised
MLC task
7

has_quality

A
P Y

data mining
task

Legend

OntoDM-
core

OntoDT

is-a attributes

has_field
feature-based component
completely labeled
data without missing
values and with setof —
discrete output has_field
component

feature-based
completely labeled
data with missing
values and with set of
discrete output

data
characteristic

imbalance

_—> completely labeled . tiof discrot
target set of discrete s datatype

role_of datatype

field component

descriptive record of
primitives without
missing values field
component
|

is_datatype
role_of

record of
primitives
datatype
has_field
component
v

primitive
field discrete
component datatype
is_datatype_role_of

primitive ) real
datatype datatype

boolean
datatype 17



Example annotations of MLC dataset

descriptive component
record of primiteves datatype

target
component

audio-ssd1 location

hasSegment

1
| | " " 1
I 0.132445 || "location1", ! 0 th BFOWRCIECpEr, |
! il | . L StellarsJay 1
h I 1 T
: 0.005148 1, "location2"1 : 1 : 1 "VariedThrush" :
1y 1 1 il
1 - : : : : : "BrownCreeper", :
: 0.101617 1)y "location1"1 1 1 11 "PacificWren", :
. : 1 : 1 1! "HermitThrush" |
' 1 : 1 1 : .
I 1 1
1
1 1 I 1
: i 1 : R !
1
' 0.073563 /I '\"Iocation4"; -\ 0 y, Y "WesternTanager" _/
—_————— P ~——— == — N - —— -  ————
real discrete boolean set of discrete
datatype datatype datatype datatype

Provenance information
Name: "Birds"
Description: "Birds is a dataset representing the
problem of bird species classification from acoustic
recordings...."
Same as: [http://mulan.sourceforge.net/datasets-
mlc.html, https://cometa.ujaen.es/datasets/birds,
http://www.uco.es/kdis/mllresources/#BirdsDesc]
Identifiers: [10.1121/1.4707424,
https://www.ncbi.nlm.nih.gov/pubmed/22712937]
Creator(s): [{
name: "Forrest Briggs",
url: https://scholar.google.com/citations?user=
WmyVSLQAAAAJ&hI=en}]
Licence:
https://creativecommons.org/licenses/by/4.0/

MLC meta-features
Instances: 290
Default accuracy: 0.46552
Standard defiation of label cardinality: 15.487
Kurtosis cardinality: 0.653
Proportion of maxim label combination (PMax):
0.465
Ratio of number of labelsets up to 10 examples:
0.972

Mean of entropies of labels: 0.269
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Web-based semantic repository of MLC datasets

Hosts metadata for 89 MLC datasets in total.

The main contribution of our repository is the semantic layer for
standardized, formal description of datasets through the application of
ontologies and vocabularies.

The rich semantic annotations provide the repository with advanced
querying capabilities that employ the reasoning power of ontologies.
The explicit inclusion of semantics further broadens the range of
applications of the available datasets, as they help practitioners better
understand, reuse and augment the data in an automatic fashion.

19



System Architecture and Design

REST API for annotation

Resource

Ontologies

management| . triples

SPARQL query RDF triples

RDF triples ) RDF triples

Client Web GUI Fuseki Server TDB2 database

http://semantichub.ijs.si/MLCdatasets/

20



Filter datasets

Choose with/without missing

without missing

Enter number of descripti

<100

Enter number of labels

>=10

Filter datasets by meta features

Add range
Maximal entropy of labels v >0.8 n
Add range
Standard deviation of examples per labelset <1 n

+ Add meta-feature

Maximal entropy of labels x | Standard deviation of examples per labelset x v

-—e— Maximal entropy of labels

1. equkelird Maximal entr...
~—e— Standard deviation of examples per labelset
0.8
0.6

0.4

dset:cal500-MLC-supervised

Dataset name No. of instances 0. of descriptive features No. of targets Missing values
Water_quality-MLC-supervised F4ll 16 14 false
cal500-MLC-supervised 362 68 174 false

Items per page. 10 v 1-20f2
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Instrurrant_-_Piano-Solo
Instrurrent_-_Female_Lead_Vocals-Solo
Instrurmant_-_Acoustic_Gutar=Solo
Genre-test-Randb
Genre:Rest-Hip_Hop-Rap
Ganra-Best-Country
Genre-Eest--_Soft_Rock
Genre-Best--_Classic_Rock
ioeals-strong

vocals-#apping

ocalsHigh-pechad

iocals-fmotional

wocals-breathy

Vange- Wah_tha_faerily

Usage-Sleeping
Usage-hitensely_Listening

Usage- Getting_ready_to_go_out

Sang-Tonshiey
Song-lecture_Acoustic

LE00DesC

cal500

Keywords. Augio annotation and retrieval. music Information retrieval. semantc music analysis
Label distribution

json

1500 _train

<al500_tes! json

Varioss me-series generaled features fiem Me audio signal, oblained by human annotalors. The Largets represent various aspects of music composition such 3s the emotional kevel

Description. Cal 500 5 a dataset from the mullimecia comain, from the subcalegory of audio. Each fealure is calculaled by analyzing 2 short-lime series of the audio signal using
of the song. the music genre, the instruments present in the recording ete.

Identifiers: hips esexplore ieee org/decumenti4432552, 10 1109/TASL 2007 913750

Download meta-features calculated an the train dateset s
Download meta-features caleulated sn the test dataset:

Download the dataset. catsoo ar
Download annotations: cal500 rdf

Same as: hitpsicomsta ujaen.
Creator(s): Duuglas Tunul

Song-tagh_Energy
NOT-Song-Fast_Terrpo
Song-ChansingEnerey
Instrurmnt__ Vialin~
Instrument - Tarrbouring
Tnstrurrent_-_Se quencar
Instrurant_+_Piano
Instrurrant_-_Ham_ Section
Instrurrent_-_Fenale_Lead Vocals
s -_Drum_Set
Instrument - Backing_ vocals
Genre-Workd

Ganre-Fop

Ganre-folk

Ganre-Blues

«_Dance_Fop
-_Conterporary. Rands
--_Brit_Pop
Ganre-_Alternative
HOT-Erouon-Ten der-Soft
Errotin-Sad

HOT- Ermotion-Fos itisa-Opti mistic
Errotion-Aeasant-Confor table
NOT-Ermtion-Light- Fayful
Errotion-Laid-back-Me low
NOT-Ermtion-£ xcitna-Thriling

MOT-Ermtion-Carafree-Lighthaarted

Errotion-Calming-Soathing

NOT-Ermotion-Arouzing fwakening
=, AngyAgres sive
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Is our data FAIR enough?
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SATIFYD

Self-Assessment Tool to Improve the FAIRness of Your Dataset.
The tool shows you how FAIR your dataset is and will provide you with
tips to score (even) higher on FAIRness.

The list is accessible at: https://satifyd.dans.knaw.nl/

Data Archiving and Networked Services

PANS


https://satifyd.dans.knaw.nl/

DANS Checklist for FAIRness

Question Points
Is the data repository you have chosen trustworthy? 2/4
Will your dataset have a Persistent Identifier after deposit? 1/1
Did you provide enough information (metadata) about your 1/1
data for others to understand and reuse your data?

Did you provide rich additional documentation? 1/1
Is the metadata publicly accessible? 1/1
Are the data stored and archived in preferred archival formats? 1/1
Did you use standardized vocabulary? 1/1
Did you give detailed provenance information for the data? 1/1
Does the dataset have a usage license? 1/1
Do you make use of relevant community standards? 0/1

Total:

10/13 points




CoreTrustSeal certificate

CoreTrustSeal is an international,
community based, non-governmental, and
non-profit organization promoting
sustainable and trustworthy data
infrastructures.

CoreTrustSeal Trustworthy
Data Repositories Requirements:

https://www.coretrustseal.org/why-certification/requirements/
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Conclusions

e One of the grand challenges of data-intensive science is to facilitate
knowledge discovery by assisting humans and machines in their
discovery of, access to, integration and analysis of, task-appropriate
scientific data and their associated algorithms and workflows.

e MLC data, and research data in general, will not become nor stay FAIR
by magic.

e We need people skilled to work with interoperable semantic
technologies.

e Community collaboration to build and maintain research data
infrastructure is needed.
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Thanks!

Any questions?

You can contact me at:

ana.kostovska@ijs.si
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