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Subject indexing

a.k.a. topic indexing, topic assignment

~ tagging
~ multi-label classification
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Finlands oavllangighet.

Lantdagen oufattar regeriogens proklamation om Fiolands fullstindiga oavhingis-

bet och ansluter sig il huvadprincperna  regeringeas program for rygyandet

av landets oya_stalloing. Beslutet fattades med 100 roster emot 88 vilka tll
fallo ett av socialdemokraterna formulerat firslag.




InfO Finnish Thesaurus and Ontology Service ﬂ]ﬂVocabularies @About &) reedback @Help | suomeksi pa svenska

o Subject indexin
YSO - General Finnish ontology Content language English-_ : J ) 9
vocabularies:

A-Z Hierarchy Groups New

objects > physical objects > inanimate objects > armours

g\';:e:cttssand action V PREFERRED TERM armours _’g General Fi nn iSh
HEeETIERE | R S OﬂtOIOgV YSO

- p!\ysigal object:s TYPE General concept
-inanimate objects

-abacuses BROADER CONCEPT inanimate objects
~adhesive tapes
it el RELATED CONCEPTS military uniforms KOKO O ntology

-amigurumi BELONGS TO GROUP 67 Warfare. Military Technology. Defence. Weapons
~animal bodies

-armours IN OTHER LANGUAGES haarniskat Finnish

-articles (inanimate objects) harnesk swedish ...and many more

-artificial nails
aientvan s URI http:/ /www.yso.fi/ onto/yso/p14728 S

~audience areas

-~balloons Download this concept: RDF/XML TURTLE JSON-LD Last modified 5/10/17
~banderoles

~baskets

-bathtubs EXACTLY MATCHING armours KOKO Ontology

E::g;gg;eess CONCEPTS haarniskat (fi) YSA - General Finnish thesaurus

-bits (bridles) harnesk (sv) Allars - General thesaurus in Swedish

-~blinds

~bookmarks

~booms i

-braids and weaves Images indexed with the term in Finna 245 4 Image A
-~bridge floors
-~bridles

~briquets

~brooms and brushes
~buckles

-busses (computing)
~buttons (clothing)
~candles

~candlesticks k
-cardboard Liivinmaan valtaneuvos Pontus De la Kustaa Eriksson Vaasa Ruotsin kuningas Kaarle XI Ruotsin kuningas Fredrik |
-cards S Rlansentio, Gardieta eslittivd i isi i Museovirasto

-cart structures
celestial bodies

G Finto.fi Where we publish thesauri, classifications, ontologies etc.

toszy ]

ceramics

for use by libraries, archives, museums, media, students...


https://finto.fi
https://finto.fi/yso/
https://finto.fi/yso/
https://finto.fi/koko/
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with 30,000 subjects
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Machine learning using existing metadata
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The collections of Finnish archives, libraries Q n n I f

and museums at your fingertips.
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Lexical vs. Associative algorithms for subject indexing

Lexical approaches: e.g. Maui

Match the terms in a document to terms in a

controlled vocabulary

“Renewable resources are a part of Earth's

natural enwronment and the largest
compone)qts of /ts ecosphere.”

yso:p14146

“renewable natural resources”

Associative approaches (TFIDF, fastText,
Omikuji ...)

Learn which concepts are correlated with which
terms in documents, based on training data
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Algorithms used in Annif

TF-IDF similarity

Baseline bag-of-words similarity measure. Implemented with the Gensim library.

fastText by Facebook Research
Uses word embeddings (similar to word2vec) and resembles a neural network architecture.

Vowpal Wabbit, originally by Yahoo! Research, now Microsoft Research
Online machine learning system, also suitable for multi-class and multi-label classification

Parabel and Bonsai
Tree-based algorithms for extreme multi-label classification. Implemented with the Omikuiji library.

Maui using MauiServer REST API

MauiServer is a microservice wrapper around the lexical Maui automated indexing tool.


https://radimrehurek.com/gensim/
https://github.com/facebookresearch/fastText
https://en.wikipedia.org/wiki/Word2vec
https://github.com/VowpalWabbit/vowpal_wabbit
https://doi.org/10.1145/3178876.3185998
https://arxiv.org/abs/1904.08249
https://github.com/tomtung/omikuji
https://github.com/NatLibFi/mauiserver
https://github.com/zelandiya/maui

Algorithms may be used alone, or in combinations, ensembles




Annif Architecture

Any metadata /
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YSO model

Form for testing at annif.org trained on Finna data

Try Annif!

Text to analyze: Project (vocabulary and language):
How the humble potato changed the world YSO Ensemble English j
A staple food for cultures across the globe, the tuber has emerged as a nutritional giant and the

friend of peasants, rulers and sages. Even today, its possibilities are endless.

In his 1957 essay collection Mythologies, the French philosopher and literary critic Roland Barthes ‘ ReSUItS

called chips (la frite), a food that comes from a crop native to the Americas, “patriotic” and “the

. . " I Peru
alimentary sign of Frenchness”.
potato

Despite its origins in the Andes, it's an incredibly successful global food St Amvierics

history
. : 2 v S farming
Just a century earlier, a potato disease prompted a famine that halved Ireland’s population in a few
years, producing a decades-long cascading effect of social and economic turmoil. And as you read food
commerce

these lines, the world’s leading potato producers today are China, India, Russia and Ukraine,

respectively. food production
famine

AN
||||||||

agriculture


http://annif.org/

Accessing Annif

Command line interface - setup and administration
- training models
- testing and evaluating models
- bulk indexing of documents

Web user interface - interactive testing of models

REST API - integrating Annif services to other systems



APl access example

“The quick brown fox jumped over the lazy dog.”
suggest

\

annif

api.annif.orqg

results=[
{uri="<http://www.yso.fi/onto/yso/p2228>", score=0.2595, label="red fox”},
{uri="<http://www.yso.fi/onto/yso/p5319>", score=0.2039, label="dog"},
{uri="<http://www.yso.fi/onto/yso/p8122>", score=0.1946, label="laziness”},
{uri="<http://www.yso.fi/onto/yso/p25726>", score=0.1285, label="brown},
{uri="<http://www.yso.fi/onto/yso/p4760>", score=0.1220, label="triple jump”}



http://www.yso.fi/onto/yso/p2228
http://www.yso.fi/onto/yso/p5319
http://www.yso.fi/onto/yso/p8122
http://www.yso.fi/onto/yso/p25726
http://www.yso.fi/onto/yso/p4760
http://api.annif.org

L NatLibFi/ Annif

@ Unwatch~ 7 ¥ Unstar 23 YFork 3

<> Code Issues 20 Pull requests 0 Projects 0 Wiki Insights Settings
Annif is a multi-algorithm automated classification and subject indexing tool for libraries, archives and museums. This repository is Edit
used for developing a production version of the system, based on ideas from the initial prototype. http://annif.org
subject-indexing python machine-learning codedlib classification rest-api flask-application connexion Manage topics
D 766 commits ¥ 7 branches © 48 releases 28 5 contributors s View license
Branch: master v New pull request Create new file  Upload files  Find file

. osma add Zenodo DOI badge

B annif

i tests

", D} ) Iy [ ",

.codeclimate.yml
.codecov.yml
.coveragerc
.gitignore

JIgtm.yml

.scrutinizer.yml

travis.yml

refactor: split off JSON input to document corpus conversion in rest ...
CLI unit test for trying to learn when backend doesn't support it

more comprehensive Code Climate configuration

Codecov should ignore setup.py

Generate Codecov reports

Add virtualenv (default? de-facto?) folder to gitignore

Add LGTM configuration excluding fasttext

Try to fix pipenv/pip compatibility issue pypa/pipenv#2924 within Scr...

install deb packages using apt addon (even though they're unnecessary...

Latest commit d832514 2 days ago

2 days ago

2 days ago

a year ago

10 months ago
2 years ago
15 days ago

5 months ago
5 months ago

a month ago

Annif on GitHub

Python 3.6+ code base
Apache License 2.0

Fully unit tested (99% coverage)
PEPS8 style guide compliant
Usage documentation in the wiki

https://github.com/NatLibFi/Annif



https://github.com/NatLibFi/Annif/wiki
https://github.com/NatLibFi/Annif

pypi.org/project/annif/

annif 0.47.1

jmminkin@1lx8-9811-00

if [OPTIONS] COM

pip install annif &

Automated subject indexing and classification tool

jmminkin@1lx8-9811-008:




Apply Annif on your own data!

Prepare a

corpus
from your Use it to index

existing new documents

metadata \—/.

e.g. Humord, Tekord e.g. library records
or DDC and some full-text
documents




Annif used in production



JYX repository, University of Jyvaskyla

Students upload their Master’s and doctoral theses, Annif suggests subjects*

Keywords
Keyword suggestions = information management systems [YSO]
Choose valid keywords by clicking _ | metadata [YSO] I .
= mplemented usin
connections (technical systems) [YSO] p g
| content management [YSO] DSpace &
| multimedia (information technology) [YSO] GLAM QlQe
| digital libraries [YSO] by Ar| Héyrinen
| XML [YSO]
| semantic web [YSO]
| open source code [YSO]
| open data [YSO]
| user-centeredness [YSO]
| archives (memory organisations) [YSO)]
] seeking [YSO] .
| Works [Y50] from YSO =
| cloud services [YSO] General FlnnlSh
| electronic publications [YSO] Ontology
Your own keywords keyword 1, keyword 2

Comma separated list


http://glampipe.org/

Osuva repository, University of Vaasa

Same as JYX: students upload their Master’s and doctoral
theses, Annif suggests subjects

Asiasanat:

Annif-ehdotukset

working abroad families (groups)
career development managers and executives
Pilot started career human resources
2.3.2020, adaptation (change) work
imp|eme ntation expatriates returnees (immigrants) Lisdd
by Anis
Moubarik. Lisa

Syotd asiasanat, jokainen asiasana omaan kenttddnsa. Paina siis jokaisen asiasanan jdlkeen Lisda-
nappia. Kirjoita tarvittava madrd asiasanan alkua, jolloin ennakoiva tekstinsyotto ehdottaa asiasanoja.
Muista myds valita ylld olevasta laatikosta Annif-ehdotukset, jotka perustuvat edellisessa vaiheessa
syottamasi kokotekstin sisaltoon.



Ki I'j aval ityS Oy - logistics company serving bookstores and libraries

Publishers information about — 9 o
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new titles
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Finto Al - automated subject indexing tool and API service

®about & reedback suomeksi pa svenska API service
Finto Al is also an API service that can be

L LU ke ﬁ nt Finto Al suggests subjects for a given text. It's based on Annif, |r‘1t.e_g.rate.d to other systems.
a tool for automated subject indexing. Read more... Lisitietoja | OpenAPI-kuvaus

Enter text to be indexed Subject indexing
In computer science, artificial intelligence (Al), sometimes called machine intelligence, is Vocabulary and text language
intelligence demonstrated by machines, in contrast to the natural intelligence displayed by
humans and animals. Leading Al textbooks define the field as the study of "intelligent agents™: YSO English b
any device that perceives its environment and takes actions that maximize its chance of
successfully achieving its gaals 1l Calloauiall the term "artificial intelligence® is often used Maximum # of suggestions RSV I 1)

to describe machines (or ¢ ; associate

| |
with the human mind, suct Lau nChed In SE—
As machines become incre M a 2020 e" are often .
removed from the definitic y in Tesler's Suggestions

Theorem says "Al is whatev ter artificial intelligence

recognition is frequently exciuded 1o Uiigs COTISIUETEU LU UE AL D] Haviilg becume a
intelligence (mental properties)

routine technology.[6] Modern machine capabilities generally classified as Al include
successfully understanding human speech,[7] competing at the highest level in strategic game
systems (such as chess and Go),[8] autonomously operating cars, intelligent routing in content

information technology

computational science

delivery networks, and military simulations. computer science

computers

computer-assisted teaching

O

I machine learning
|

|

I

|

|

|

| learning

|

ai.finto fi

automation


https://ai.finto.fi

Tagging at Yle

e All content tagged:
subject/topic, but also
e.g. genre and
atmosphere

Pia Virtanen



Tagging at Yle

e All content tagged:
subject/topic, but also
e.g. genre and
atmosphere

Pia Virtanen

+ Freebase
+ some internal
vocabularies

Buibbe) |enuejy

olewoNy



http://finto.fi/koko/fi/
https://www.wikidata.org/
https://www.leiki.com/

Tagging at Yle

Articles

e All content tagged:

subject/topic, but also —
e.g. genre and -
atmosphere

Buibbe) |enuejy

+ Freebase

Programs and +  some internal

Clips - vocabularies

olewoNy

Pia Virtanen


http://finto.fi/koko/fi/
https://www.wikidata.org/
https://www.leiki.com/
http://finto.fi/koko/fi/
https://www.wikidata.org/

Tagging at Yle

Articles

e All content tagged:

subject/topic, but also —
e.g. genre and -
atmosphere

Buibbe) |enuejy

Yle vocabulary
= Concepts used for
tagging of content at Yle
e Concepts from different

source vocabularies Programs and : Eé‘ifé’ ?ri‘i,ma.

e About 200 000 C|ips vocabularies
. e

olewoNy

Pia Virtanen



http://finto.fi/koko/fi/
https://www.wikidata.org/
https://www.leiki.com/
http://finto.fi/koko/fi/
https://www.wikidata.org/

Automatic Tagging Currently at Yle

Since 2015 by Leiki / DoubleVerify (hitp://www.leiki.com/)

Articles in three languages: Finnish, Swedish, English

Semi-automatic: 15 proposals for tags into CMS

> Validation

> Missing tags added manually

The quality: Largely good

The biggest challenge: Leiki’s own ontology

> Content tagged with concepts from different ontologies are not linked in
Yle's services

> Need to be mapped

Request for information (RFI) in autumn 2019: No other service or tool
available in Finland for our needs, only development projects

m Pia Virtanen


http://www.leiki.com/

Annif at Yle

Why are we interested in Annif?

e To learn what kind of tagging we can produce with Yle Vocabulary
o Online services and applications which use tags for e.g. personalisation and we
have to ensure continuity

e To get experience of a method which can be further developed by ourselves
and customized to suit our needs
e We have training data!

e Already the first experiments were promising!
(Pekka Kauranen, autumn 2019)

e Part of “Yle Metadata Machinery” development
o Combination of various methods and services for automatic metadata extraction

m Pia Virtanen



Training Annif at Yle

e Annif backends used for training
o Omikuji (AttentionXML)
o Maui
o nn_ensemble (sources: Omikuiji:2, Maui:1)
e Training text corpora
o Articles, published 1998 - 18.1.2020
o  Short text document corpus: Titles and introductions of articles
m  Finnish: 1 048 756 articles
m  Swedish: 369 572 articles
m  Used to train Omikuji
o  Full text document corpus: Titles, introductions and bodies of articles
m  Used to train Maui, about 3000 articles / language
m  Used to train nn_ensemble, about 500 articles / language
e Training vocabulary
o Yle vocabulary (sources: KOKO, Wikidata, Leiki, Freebase)
o Finnish: 171 979 tags
o Swedish: 168 337 tags

m Pia Virtanen



Training Annif at Yle

e Annif backends used for training
o Omikuji (AttentionXML)
o  Maui
o nn_ensemble (sources: Omikuji:2, Maui:1)

e Training text corpora

o Articles, published 1998 - 18.1.2020
o  Short text document corpus: Titles and introductions of articles
m  Finnish: 1 048 756 articles
m Swedish: 369 572 articles
m Used to train Omikuiji
o  Full text document corpus: Titles, introductions and bodies of articles
m Used to train Maui, about 3000 articles / language
m Used to train nn_ensemble, about 500 articles / language
e Training vocabulary
o Yle vocabulary: Combination of tags from different source vocabularies (KOKO,
Wikidata, Leiki, Freebase)
o Finnish: 171 979 tags

o Swedish: 168 337 tags More information: Contact
bia Virianen Pekka Kauranen and Ahti Ahde!




= (=}
E Annif-Leiki-vertailu X +

An n if'L ei ki C om p al'i son C @ docsgooglecom/forms/d/e/1FARQLS.. % @ @B © B G | @

Annif-Leiki-vertailu

Alkuperaiseen artikkeliin paaset tasta linkista: https:/yle fi/aihe/yle-id/20-299771

e One method to evaluate the quality of
Annif:
Annlf and Lelkl tagglng COmpared Planeettavaluutta yksi ratkaisu maapallon kestavyyskriisiin — suomalaistutkijoiden keinot
by human evaluators iy e e ol

Voisimme jarjestaa arkiympéaristomme ja viljelytapamme paljon kestavammalla tavalla.
Raha voisi olla kriittisiin luonnonvaroihin sidottua planeettavaluuttaa, jolloin talouden

Article

e About 100 Finnish and Swedish

Arvioi asiasanojen osuvuutta

artiCIGS and their tags Voit katsoa asiasanan kuvauksen kaymalla osoitteessa "https://meta.api.yle fi/v1/concepts.json?
. . . app id=HIEKKALAATIKKO&app_key=HIEKKALAATIKKO&yle_id=YLE_ID" ottamalla YLE_ID:n asiasanan
o Subject areas: business, science, suluista — s —
Evaluation scale 7 cssential ok  non relevant wrong
CUIture’ Sport \1 keskeinen ok eparelevantti vaara
—— — — — — — —
o 28 Yle test persons Tags [ mmmmonen o
I 211223)
e Evaluation form (Google Form): aurinkokunnat (18-

8786)

o Article
+ 10 most relevant tags from both
tools/services in random order

o Scale of relevance:
Essential - ok - not relevant - wrong

Pia Virtanen

Markku Wilenius (1
295234)

(18-2396)

ilmasto (18-215534)

fossiiliset polttoaineet I

tulevaisuus (18-

211385)
—— —

r———



Comparison: Overall Results in Subject Areas
Finnish

Essential + ok (% of all tags) Not relevant + wrong (% of all tags)
TOTAL - business - sport - culture - science TOTAL - business - sport - culture - science
Annif performed Keskeiset ja OK-asiasanat Eparelevantit ja vaarat asiasanat
. Annif Leiki B Anmnif [l Leiki
slightly better than . s s %

Leiki

= more essential + ok,
less not relevant +
wrong tags 20 0

60 30

40 20

0

= 0
YHTEENSA talous urheilu kulttuuri tiede YHTEENSA talous urheilu kulttuuri tiede

Suomi: Keskeisiksi arvioidut ja OK-asiasanat aihealueittain (% kaikista arvioiduista asiasanoista) Suomi: Eparelevanteiksi ja vaariksi arvioidut asiasanat aihealueittain (% kaikista arvioiduista asiasanoista)

Culture: The only subject essential ok non relevant wrong

area where Leiki
performed slightly better:
more ok, less wrong tags

Pia Virtanen




Comparison: Overall Results in Subject Areas

Swedish

Annif performed
better than Leiki in

all subject areas

= more essential + ok,
less not relevant +
wrong tags

Differences bigger
than in Finnish

Biggest differences in
business and science

Reasons?

Pia Virtanen

Essential + ok (% of all tags)
TOTAL - business - sport - culture - science

Keskeiset ja OK-asiasanat

W Annii [ Lek

100

YHTEENSA talous urheilu Kulttuuri tiede
Ruotsi: Keskeisiksi arvioidut ja OK: (% kaikista a
essential

uuuuuuuuuuuuuuuuuu

Not relevant + wrong (% of all tags)
TOTAL - business - sport - culture - science

Epérelevantit ja vaarat asiasanat
W Annit |l Lekd

60

YHTEENSA talous urheilu kulttuuni tiede

Ruotsi: Eparelevanteiksi ja vaariksi arvioidut (% kaikista )

non relevant

Epérelevantit asiasanat

wrong

Vadarat asiasanat

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Fuois Va




Next Steps with Annif at Yle

e The results of the comparison encourage us to carry on testing Annif!

e Currently optimization of algorithms and vocabulary
Test use in CMS to get more data
e Tests with other text types (to get automatic tagging for tv and radio
programs):
o Speech to text results
o Program descriptions
o Subtitles

m Pia Virtanen



Thank youl!

Juho Inkinen Mona Lehtinen Osma Suominen

If
anni .
Annif team- firstname.lastname@helsinki.fi
Pekka Kauranen Ahti Ahde Pia Virtanen
7 e-mail:
Yle team: firstname.lastname@yle. i

firstname.lastname@qvik.fi




Questions?

Topics for discussion, e.g.

The quality of subject indexing / tagging:
How to measure it and give feedback to the librarian / content producer?

Using open source software and developing it yourselves
vs. buying software as a service



More about @ N nif

Website: annif.org

API: api.annif.org

Source code: https://github.com/NatLibFi/Annif
Wikipages: https://qgithub.com/NatLibFi/Annif/wiki
User group: annif-users@googlegroups.com
Tutorial: https://qgithub.com/NatLibFi/Annif-tutorial

Article: Suominen, O., 2019. Annif: DIY automated
subject indexing using multiple algorithms. LIBER
Quarterly, 29(1), pp.1-25. DOI:
http://doi.org/10.18352/19.10285

More about tagging at Yle

Pia Virtanen: Tagging Content at Yle. Finnish high school
matriculation exams and other use cases for tags.
Presentation at EBU MDN Workshop, 7.6.2018:

https://docs.google.com/presentation/d/1neHONB3PhZVLY
2baGC4LJAPdiXsmwcSQavNngSatsEE

Pia Virtanen: Tagging Content at the Finnish Broadcasting
Company Yle.

Presentation at EBU MDN Workshop, 7.6.2016:
https://tech.ebu.ch/docs/events/mdn2016/presentations/Pia

Virtanen_YLE_EBU%20MDN%202016.pdf

Pia Virtanen, Kim Viljanen, Mikael Hindsberg:

YLE’s Meta-API: Improving the Findability of Web Content
with Semantic Tagging. In: Tech Report 019. EBU-MIM
Semantic Web Activity Report, 2015. Annex 9, p. 43-56.
https://tech.ebu.ch/publications/tr019



https://annif.org
https://api.annif.org
https://github.com/NatLibFi/Annif
https://github.com/NatLibFi/Annif/wiki
mailto:annif-users@googlegroups.com
https://github.com/NatLibFi/Annif-tutorial
http://doi.org/10.18352/lq.10285
http://doi.org/10.18352/lq.10285
https://docs.google.com/presentation/d/1neH0nB3PhZVLY2baGC4LJAPdiXsmwcSQqvNnqSatsEE
https://docs.google.com/presentation/d/1neH0nB3PhZVLY2baGC4LJAPdiXsmwcSQqvNnqSatsEE
https://tech.ebu.ch/docs/events/mdn2016/presentations/Pia_Virtanen_YLE_EBU%20MDN%202016.pdf
https://tech.ebu.ch/docs/events/mdn2016/presentations/Pia_Virtanen_YLE_EBU%20MDN%202016.pdf
https://tech.ebu.ch/publications/tr019

Bio: Osma Suominen

Osma Suominen works as an information systems
specialist at the National Library of Finland. He is
currently working on automated subject indexing and the
publishing of bibliographic data, including the Finnish
national bibliography Fennica, as Linked Data. He is one
of the creators of the Finto.fi thesaurus and ontology
service and is leading development of the Skosmos
vocabulary browser used in Finto. Osma Suominen
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Abstract of this presentation

Yle meets Annif - an open source tool for automated subject indexing

In the first part of our presentation we will introduce Annif, an open source tool for automated subject indexing. Annif is
based on natural language processing and machine learning technologies. It can suggest subjects for documents using any
subject vocabulary, in a variety of languages. Annif is being developed at the National Library of Finland and many cultural
heritage institutions are starting to use it to support their subject indexing processes.

In the second part we will present a project where Yle trained Annif using over a million Finnish and Swedish language
articles along with their subjects, drawn from a vocabulary of 170,000 concepts. We also evaluated the quality of Annif by
comparing its results to the service we currently use for subject indexing of articles. Because the quality of Annif has been
promising the project will be carried on. The project made us think about the quality of subject indexing and how it can be
measured.
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