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Sampo,
Artificial Intelligence,

Linked Data and 
Semantic web



1st Finnish Artificial Intelligence Symposium (1984)

Arpakannus (magic drum) = Sampo?



Semantic Web Activity at W3C Started 2001



2001

(Hyvönen, ed., 2002)



Web of Pages
WWW

Web of Data
GGG

(Giant Global Graph)
Knowledge Graph

Web of Pages
WWW

Semantic Web and Linked Data



LODStats 2018 (http://stats.lod2.eu/): 
10000 datasets,150 billion triples

Linked Open Data Cloud:
Human Knowledge on the Semantic Web

Wikipedia



WWW Document for Humans



GGG graph (in RDF) for Machines

[Suominen et al]



Knowledge Graphs: Big Boys Have Entered the Game
http://schema.org

 Google Knowledge Graph
 Microsoft Satori 
 IBM Watson
 eBay Products
 Facebook Graph
 …

http://schema.org/


”Sampo” Model for Publishing Cultural Heritage Contents
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15
https://www.amazon.com/Publishin

g-Cultural-Heritage-Synthesis-
Technology/dp/1608459977

https://www.gaudeamus.fi/semant
tinen-web/

2012 2018

In English In Finnish

https://www.amazon.com/Publishing-Cultural-Heritage-Synthesis-Technology/dp/1608459977
https://www.gaudeamus.fi/semanttinen-web/
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Six ”sampos” in Ten Years on the Semantic Web

– CultureSampo – Finnish Culture on the Semantic Web (2008)

– TravelSampo - Mobile Contextualized Services of Cultural Tourism (2011)

– BookSampo – Finnish Fiction Literature on the Semantic Web (2011) [1-2 million users 2017] 

– WarSampo – Finnish WW2 on the Semantic Web (2015) [130 000 users in 2017]

– NameSampo – Linked Data Workbench for Toponomastic Research (2018)

BiographySampo (2018) 
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CultureSampo
Finnish Culture on the Semantic Web

[Hyvönen et al., Museums & Web 2009]
(Mäkelä et al., SWJ 2012)

2008
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CultureSampo Content Providers (28+) :
museums, libraries, archieves, researcher
organizations, media companies + citizens

International Content Providers
1 Geonames
2 Google (Maps)
3 Iconclass (vocab.)
4 Panoramio
5 Paul J. Getty Foundation (vocab.)
6 Wikipedia

Finnish Content Providers
1 Agricola – Suomen historiaverkko
2 Espoon kaupunginmuseo
3 Helsingin kaupunginkirjasto
4 Hiihtomuseo
5 Jyväskylän yliopisto, musiikin laitos
6 Kansallisbiografia
7 Kansallismuseo
8 Kuopion kulttuurihistoriallinen museo
9 Laatokan-Karjalan museo

10 Lahden kaupunginmuseo
11 Museovirasto
12 Pohjois-Karjalan museo
13 Radio- ja TV-museo
14 Seurasaaren ulkomuseo
15 Suomalaisen Kirjallisuuden Seura SKS
16 Suomen maatalousmuseo Sarka
17 Suomen merimuseo
18 Taideteollisen korkeakoulun kirjasto
19 Valtion taidemuseo
20 Veljekset Karhumäki Oy
21 Viipurin historiallinen museo
22 Yleisradio Oy

Thanks for 
cooperation!
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Semantic Kalevala: Kalevala Translated First Time into ”Nerd” for Machines
(= RDF Resource Description Framefork)

Semantically annotated 50 
poems of the national epic

- Events and narratives

Translation into modern Finnish

Links to 
related art etc.

[Hyvönen et al,, 2009, 2010]
[Palonen et al., 2009]
[Harvilahti et al.]



BookSampo
Finnish Fiction Literature on the Semantic Web

(Mäkelä et al., 2011, 2012)

2011



2 million users 2017



WarSampo
Finnish WW2 on the Semantic Web

[Hyvönen et al., 2016]
[Heino et al., 2017]
[Leskinen et al., 2017]

2015, 2017



Semantic Portal http://sotasampo.fi/en
8 Perspectives to War History

1. Events         2. Persons          3. Army Units

4. Places          5. Deaths           6. Memoirs

7. Photos        8. Cemeteries https://vimeo.com/212249404

130 000 users 2017

http://sotasampo.fi/en
https://vimeo.com/212249404


WarSampo Linked Open Data Cloud

12M triples 
knowledge graph

[Leskinen et al.]



LODStats 2018 (http://stats.lod2.eu/): 
10000 datasets,150 billion triples

Linked Open Data Cloud  2018   http://linkeddata.org

WarSampo

http://linked-data.org/


BiographySampo
Finnish Life Stories on the Semantic Web

[Hyvönen et al., 2017]
[Leskinen et al., 2018]
[Tamper et al., 2018]

2018
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Biographies as Linked Data
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National Dictionaries of Biography
Oxford Dictionary of National Biography

American National Biography

Neue Deutsche Biographie

Nouvelle Biographie Generale

Biography Portal

Dictionary of Swedish National Biography

National Biography of Finland

…



National Biography
of Finland
- ca. 6500 bios



https://kansallisbiografia.fi/

https://kansallisbiografia.fi/


https://kansallisbiografia.fi/

https://kansallisbiografia.fi/
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1. LANGUAGE TECHNOLOGY

Extracting Knowledge from Texts



...

...



2. ARTIFICIAL INTELLIGENCE

Enriching Knowledge by Reasoning and Linking



3. DIGITAL HUMANITIES

Visualizations and Data-analysis for Humanist Research



More Info in Publications: https://seco.cs.aalto.fi/projects/biografiasampo/
1. Goki Miyakita, Petri Leskinen and Eero Hyvönen: U.S. Congress Prosopograher - A Tool for Prosopographical Research of Legislators. 7th International 

Conference, EuroMed 2018, Nicosia, Cyprus, Springer-Verlag, Nov, 2018.
2. Minna Tamper, Petri Leskinen, Kasper Apajalahti and Eero Hyvönen: Using Biographical Texts as Linked Data for Prosopographical Research and Applications. 

Springer-Verlag, November, 2018. 7th International Conference, EuroMed 2018, Nicosia, Cyprus. 
3. Petri Leskinen, Goki Miyakita, Mikko Koho and Eero Hyvönen: Combining Faceted Search with Data-analytic Visualizations on Top of a SPARQL Endpoint. 

Proceedings of VOILA 2018, Monterey, California, October, 2018.
4. Jouni Tuominen, Eero Hyvönen and Petri Leskinen: Bio CRM: A Data Model for Representing Biographical Data for Prosopographical Research. Proceedings of 

the Second Conference on Biographical Data in a Digital World 2017 (BD2017), vol. 2119, pp. 59-66, CEUR Workshop Proceedings, Linz, Austria, 2018.
5. Petri Leskinen, Eero Hyvönen and Jouni Tuominen: Analyzing and Visualizing Prosopographical Linked Data Based on Biographies. Proceedings of the Second 

Conference on Biographical Data in a Digital World 2017 (BD2017), vol. 2119, pp. 39-44, CEUR Workshop Proceedings, Linz, Austria, 2018. 
6. Eero Hyvönen: Semanttinen web. Linkitetyn avoimen datan käsikirja (Semantic Web. Handbook of Linked Open Data). pp. 271, Gaudeamus, Helsinki, Helsinki, 

Finland, March, 2018. 
7. Eero Hyvönen, Petri Leskinen, Minna Tamper, Jouni Tuominen and Kirsi Keravuori: Semantic National Biography of Finland. Proceedings of the Digital Humanities in 

the Nordic Countries 3rd Conference (DHN 2018), pp. 372-385, CEUR Workshop Proceedings, Vol-2084, Helsinki, Finland, March, 2018.  
8. Goki Miyakita, Petri Leskinen and Eero Hyvönen: Using Linked Data for Prosopographical Research of Historical Persons: Case U.S. Congress Legislators. 

Poster and Demo Papers, ISWC 2018, Monterey, Califonia, 2018. 
9. Jouni Tuominen, Eero Hyvönen and Petri Leskinen: Bio CRM: A Data Model for Representing Biographical Data for Prosopographical Research. Biographical 

Data in a Digital World 2017 (BD2017), Linz, Austria, November, 2017. 
10. Petri Leskinen, Eero Hyvönen and Jouni Tuominen: Analyzing and Visualizing Prosopographical Linked Data Based on Short Biographies. Biographical Data in a 

Digital World 2017 (BD2017), Linz, Austria, November, 2017. 
11. Petri Leskinen, Jouni Tuominen, Erkki Heino and Eero Hyvönen: An Ontology and Data Infrastructure for Publishing and Using Biographical Linked Data. 

Proceedings of the Workshop on Humanities in the Semantic Web (WHiSe II), CEUR Workshop Proceedings, Vienna, Austria, October, 2017. 
12. Eero Hyvönen, Petri Leskinen, Erkki Heino, Jouni Tuominen and Laura Sirola: Reassembling and Enriching the Life Stories in Printed Biographical Registers: 

Norssi High School Alumni on the Semantic Web. Proceedings, Language, Technology and Knowledge (LDK 2017), pp. 113-119, Springer-Verlag, Galway, Ireland, 
June, 2017. 

13. Eero Hyvönen, Miika Alonen, Esko Ikkala and Eetu Mäkelä: Life Stories as Event-based Linked Data: Case Semantic National Biography. Proceedings of ISWC 
2014 Posters & Demonstrations Track, CEUR Workshop Proceedings, October, 2014.
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https://seco.cs.aalto.fi/publications/2018/tuominen-et-al-bio-crm-2018.pdf
https://seco.cs.aalto.fi/publications/2018/leskinen-et-al-biographies-prosopography-2018.pdf
http://www.gaudeamus.fi/semanttinen-web/
https://seco.cs.aalto.fi/publications/2018/hyvonen-et-al-snbf-2018.pdf
https://seco.cs.aalto.fi/publications/2018/miyakita-et-al-using-2018.pdf
https://seco.cs.aalto.fi/publications/2017/tuominen-et-al-bio-crm-2017.pdf
https://seco.cs.aalto.fi/publications/2017/leskinen-et-al-biographies-prosopography-2017.pdf
https://seco.cs.aalto.fi/publications/2017/leskinen-et-al-biographies-2017.pdf
https://seco.cs.aalto.fi/publications/2017/hyvonen-et-al-norssit-2017.pdf
https://seco.cs.aalto.fi/publications/2014/hyvonen-et-al-life-stories-iswc-2014.pdf
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Core 13 100 Biographies



BiographySampo Knowledge Graph
Extracted from Core Biography Texts

– 13 100 recognized persons with biographs written by 900 authors
– 100 000 persons linked
– 2600 places of biographical events
– 3 100 professions
– 40 000 family relations
– 100 000 career events
– …



Additional Linked Datasets



More Linked Data Used in Relation Finder 

1. HISTO ontology of Finnish History (based on Acricola timeline)

2. National Gallery Collections (National Gallery of Finland)

3. J.V. Snellman Collected Works (Edita Publishing Ltd)



Data Model: Bio CRM extending CIDOC CRM



Using BiographySampo

http://biografiasampo.fi 



Biography
Studying individual lives



Prosopography
Studying groups of people



7 Application
Views

End User’s View

Use Example
Buttons





Faceted Seach and Browsing



Enriched Biographies: Aggregated “homepages” 

Bio Views

Analysis Views

Related
Bios



Analysis Views



Visualizing a Life on a Map and Timeline:



Visualizing the Ego-centric Network:





Serching Places:
Biographical Events on Historical and Modern Maps







Life Maps: Events of Groups on a Map

Facet selections for filtering prosopographical groups





Life Spans on a Map: Birth -> Death





Comparisons: 19th century clergy vs. generals & admirals





Information Visualization: Statistics





Comparizons: Norssi Alumni vs. Everybody





Networks of Norssi Alumni Based on SKS Biographies



Eino Kaila’s Norssi Network



Klinge – Saarikoski – Leikola Norssi Network





Relation Search:
“How are Finnish Artists Related to Florence?”

Answers in
Finnish

Persons
Occupations
Places
Connections



“Who Has Got Most Accolades in Germany?”





Linguistic Analysis of Texts



Comparizons: Male vs. Female Members of Parliament



BiographySampo Features

● Faceted search for people/biographies
● Map-based search for places including historical maps
● Aggreated homepages for people and places
● Statistical views and visualizations of filtered data
● Network analysis for individuals and groups
● Relation search for knowledge discovery
● Language analysis views for biographies



BiographySampo: Two Faces for 1) Machines and 2) Human Users

http://ldf.fi http://biografiasampo.fi
Linked Data Finland Service Applications (7)

http://ldf.fi/
http://sotasampo.fi/


Machines & Developers View

Linked Data Service
WWW Standard Model

Application 1 Client Side
(Browser)

Application 2

Application N

Server Side

SPARQL End Point



‹#›
 

Conclusions: Linked Data Makes a Difference
 End-user’s perspective

– Global view to heterogeneous, distributed contents
– Automatic content aggregation
– Semantic search & browsing
– Recommendation links
– Intelligent services (knowledge discovery, personalization, 

visualization, …)
 Publisher’s perspective

– Distributed content creation
– Enriching each other’s contents
– Automated link maintenance
– Shared content publication channel 
– Reusing aggregated content in other applications

http://images.google.fi/imgres?imgurl=http://users.tkk.fi/sergei/aalto_logo.jpg&imgrefurl=http://users.tkk.fi/sergei/heading.html&usg=__U6qNyTYkgFi5mUBUl6FV1oxZCSc=&h=120&w=144&sz=5&hl=fi&start=24&um=1&tbnid=MKbjjoSBqbn_EM:&tbnh=78&tbnw=94&prev=/images%3Fq%3Daalto%2Buniversity%2Blogo%26ndsp%3D18%26hl%3Dfi%26sa%3DN%26start%3D18%26um%3D1
http://images.google.fi/imgres?imgurl=http://users.tkk.fi/sergei/aalto_logo.jpg&imgrefurl=http://users.tkk.fi/sergei/heading.html&usg=__U6qNyTYkgFi5mUBUl6FV1oxZCSc=&h=120&w=144&sz=5&hl=fi&start=24&um=1&tbnid=MKbjjoSBqbn_EM:&tbnh=78&tbnw=94&prev=/images%3Fq%3Daalto%2Buniversity%2Blogo%26ndsp%3D18%26hl%3Dfi%26sa%3DN%26start%3D18%26um%3D1


But the Lunch is not Free

 More collaboration is needed -> complicates work
 Integration of semantic portals with legacy systems
 Manual annotations are costly and may not scale up
 Automatic annotation and linking lowers data quality

Source criticism and understanding limitations of data!



BiographySampo Team

 Eero Hyvönen (Aalto, UH, leader)
 Esko Ikkala (Aalto, UH)
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 Petri Leskinen (Aalto)
 Heikki Rantala (Aalto, UH)
 Minna Tamper (Aalto, UH)
 Jouni Tuominen (UH, Aalto)

 Thanks to:
– Erkki Heino, Mikko Koho, Goki Miyakita, Miika Alonen, Eetu Mäkelä, …
– Ca. 900 biographers of the Finnish Literature Society
– Business Finland, Media Industry Research Foundation of Finland, Academy of Finland

 Homepage: http://seco.cs.aalto.fi/projcts/biografiasampo
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