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How did we get here?
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Nasjonalbiblioteket

Established in 1989

Preserve published information for posterity

Give Norwegians access to its content
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Manifesto in 2005
Recognition

"If it doesn't exist on the Internet, it almost 
doesn't exist at all"

Ambition

"Access to content where the user is, when 
the user wants"

Conclusion

"We must digitize the collection"
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NB's digital programme: digital collection today
Some examples

- Books: 90% digitized

- Newspapers: 80% are digitized or digitally 
delivered

- Radio: Almost everything is digital

- Web: continuous harvest

- Much more: photo, film, magazine, maps, 
etc.
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What are we doing about it?
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We at the NB AI-Lab

Background

● Very large and varied digital collection in NB
● Own needs for improvement in production and user services
● Contribute knowledge about AI

The people

● 4 full-time, possibility for "researchers in residence"
● Currently 1 researcher in residence
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Where?

Mo i Rana

Oslo

Tromsø
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Where?

Mo i Rana

Oslo

Tromsø

Madrid
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What does the AI-Lab deliver?

● Internal and external knowledge
● Training datasets based on NB's collections
● Fully trained models for free use across modalities
● Services and APIs
● Support for internal workflows
● Experiments, pilots, and demonstrators
● Basic research
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How?
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It all started with…
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From string of characters to numbers

Bag of Words (BoW)
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From string of characters to numbers

Word2Vec

Source: https://thegradient.pub/nlp-imagenet/

https://thegradient.pub/nlp-imagenet/
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From string of characters to numbers

Word2Vec

Source: http://jalammar.github.io/illustrated-word2vec/

http://jalammar.github.io/illustrated-word2vec/
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From string of characters to numbers

Doc2Vec
- Corpus of documents

- Model learns a numerical representation for each document (training)

- Model is able to generate representations for unseen documents (inference)

- Each representation contains values that “embed” the document
○ Document embeddings!
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Embeddings are “close” to each 
other when documents are 
“semantically” similar

From string of characters to numbers
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Searching for similarities

1. Find an object, book or image
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2. Get its numerical representation

{0.9, 0.12, 0.45, …}
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Searching for similarities

1. Find an object, book or image
2. Get its numerical representation
3. Compare to the numerical representation of all the other objects

{0.9, 0.12, 0.45, …}

{0.9, 0.12, 0.45, …}
{0.1, 0.23, 0.27, …}
{0.2, 0.56, 0.87, …}
{0.9, 0.78, 0.62, …}
{0.6, 0.29, 0.32, …}
{0.9, 0.26, 0.79, …}
{0.9, 0.69, 0.16, …}
{0.8, 0.82, 0.87, …}
{0.5, 0.35, 0.10, …}
{0.3, 0.72, 0.97, …}
…
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Searching for similarities

1. Find an object, book or image
2. Get its numerical representation
3. Compare to the numerical representation of all the other objects
4. Rank by the comparison metric

{0.9, 0.12, 0.45, …}

{0.9, 0.12, 0.45, …} → 0.9  
{0.1, 0.23, 0.27, …} → 0.1
{0.2, 0.56, 0.87, …} → 0.2
{0.9, 0.78, 0.62, …} → 0.8
{0.6, 0.29, 0.32, …} → 0.4
{0.9, 0.26, 0.79, …} → 0.7
{0.9, 0.69, 0.16, …} → 0.1
{0.8, 0.82, 0.87, …} → 0.1
{0.5, 0.35, 0.10, …} → 0.2
{0.3, 0.72, 0.97, …} → 0.4
…
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Searching for similarities

nb.no/maken

{0.9, 0.12, 0.45, …}

{0.9, 0.12, 0.45, …} → 0.9  
{0.1, 0.23, 0.27, …} → 0.1
{0.2, 0.56, 0.87, …} → 0.2
{0.9, 0.78, 0.62, …} → 0.8
{0.6, 0.29, 0.32, …} → 0.4
{0.9, 0.26, 0.79, …} → 0.7
{0.9, 0.69, 0.16, …} → 0.1
{0.8, 0.82, 0.87, …} → 0.1
{0.5, 0.35, 0.10, …} → 0.2
{0.3, 0.72, 0.97, …} → 0.4
…

https://nb.no/maken
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From string of characters to numbers

Word2Vec
- Sparsity ✅

- Semantics ✅

- Similarity ✅

- Polysemy ❌

- Language understanding ❌
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ELMo: context matters!

Source: Illustrated BERT

https://jalammar.github.io/illustrated-bert/
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● Language modelling
○ What’s the next word?

Source: Illustrated BERT

https://jalammar.github.io/illustrated-bert/
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ELMo: context matters!

● Language modelling
○ What’s the next word?

● Massive dataset

● Reusable component

Source: Illustrated BERT

https://jalammar.github.io/illustrated-bert/
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Source: Illustrated BERT

In-context embeddings

https://jalammar.github.io/illustrated-bert/
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+

Source: Illustrated BERT

Attention mechanism

In-context embeddings

https://jalammar.github.io/illustrated-bert/
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+

+

Source: Illustrated BERT

Attention is all you need

In-context embeddings

Pre-trained models

https://jalammar.github.io/illustrated-bert/
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+

+

Source: Illustrated BERT

Attention is all you need

In-context embeddings

Pre-trained models

GPT-1

https://jalammar.github.io/illustrated-bert/
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Source: Illustrated BERT

https://jalammar.github.io/illustrated-bert/
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BERT

Bidirectional Encoder Representations from Transformers
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BERT

Masked Language Modeling

Source: Illustrated BERT

https://jalammar.github.io/illustrated-bert/
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BERT

Masked Language Modeling

Source: Illustrated BERT

https://jalammar.github.io/illustrated-bert/
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BERT

● Encoder only

● Fine-tuning

● Language understanding tasks

Source: Illustrated BERT

https://jalammar.github.io/illustrated-bert/
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Original Pre-trained BERT Models

- bert-base-cased (English BERT)
- bert-base-uncased

- bert-large-uncased
- bert-base-multilingual-cased (mBERT)
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Original Pre-trained BERT Models

- bert-base-cased (English BERT)
- bert-base-uncased

- bert-large-uncased
- bert-base-multilingual-cased (mBERT)

Could we build a BERT model 
for Norwegian as good as the 
original one was for English
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Models: Software and Data

Models Training 
Data
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Models: Software and Data

Heavy Tech Env

Models Training 
Data
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Models: Software and Data

Library CollectionsHeavy Tech Env

Models Training 
Data



Artificial Intelligence at the National Library of Norway
LUSTRE Workshop, 26-27 June 2024, London

AI-lab

NoTraM - Norwegian Transformer Models

1. Build a big corpus

2. Build the first Norwegian Transformer Model
○ NB-BERT (Base and Large)
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English Wikipedia

Open Book Corpus
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MATTERS
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QUALITY
MATTERS

MORE
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NB Collection

● Library collection:
○ Literature (OCR, PDF)
○ Newspapers (OCR, PDF)
○ Articles (OCR, HTML)
○ Public publications (OCR, PDF, XML)
○ Lovdata
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Web and other agreements

● CC100
● MC4
● Open Subtitles
● OSCAR
● Reddit
● Wikipedia
● Twitter
● VG Debatt
● Facebook
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Common Crawl News

Common Crawl Stories

Open WeText

Comparable Corpora
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Open WeText
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Norwegian Colossal Corpus (NCC)
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Original Pre-trained BERT Models

- bert-base-cased (English BERT)
- bert-base-uncased

- bert-large-uncased
- bert-base-multilingual-cased (mBERT)
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NB-BERT

- bert-base-cased (English BERT)
- bert-base-uncased

- bert-large-uncased
- bert-base-multilingual-cased (mBERT)
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NB-BERT

- bert-base-cased (English BERT)
- bert-base-uncased

- bert-large-uncased
- bert-base-multilingual-cased (mBERT)



Artificial Intelligence at the National Library of Norway
LUSTRE Workshop, 26-27 June 2024, London

AI-lab

Our models

NB-BERT (encoder only)

● NB-BERT-base-ner, Named Entity Recognition
● NB-BERT-base-pos, Part of Speech
● NB-SBERT, Sentence Embeddings
● NB-BERT-mnli, Zero-shot Textual Entailment

● Multiple other models trained externally based on NCC, for instance 
T5-models
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OP P
Per i dag har Per og Dag startet firmaet Per og Dag
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Text Analysis
● Powerful Norwegian language model

● Fine tuning for different purposes

● Analyzes text to find
○ Personal names

○ Different place names (city, country...)

○ Organization names
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What kind of tasks can BERT tackle?

Classification

● At the word level (token)
● At the sentence level (sequence)

What about generation?
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Source: Evolution of GPT Models

https://www.researchgate.net/figure/Evolution-of-GPT-Models-GPT-generative-pre-trained-transformer-API-application_fig1_369740160
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NB-GPT-J 6B
GPT-J 6B

Source: A Survey of Large Language Models

https://arxiv.org/abs/2303.18223
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NB-GPT-J 6B
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NB-GPT-J 6B

v1 v2
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NB-GPT-J 6B

Source: A Survey of Large Language Models

https://arxiv.org/abs/2303.18223
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NB-GPT-J 6B
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NB-GPT-J 6B
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Long context
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Long context
NB-BERT
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Long context
NB-BERT

NB-GPT-J-6B
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Long context
NB-BERT

NB-GPT-J-6B

99% of books won’t fit in our models!
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Long context
NB-BERT

NB-GPT-J-6B

99% of books won’t fit in our models!

GPT-4 Turbo (128K)
Claude 2.1 (200K)
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Other Modalities
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Speech to Text

Can we create good open and free models for speech to text in Norwegian? 
Bokmål, Nynorsk? Dialects?
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Speech to Text

Thora Meyer 1939

https://www.nb.no/items/54ac89fdac0f1db9cee2552af7876399
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[02:50.000 --> 02:56.000] Tilbake i Meiergården finnes ennå en rikholdig våbensamling, en 
rekke gamle ur,

[02:56.000 --> 03:02.000] gamle tresnitt, kobberstikk, pasteller og akvareller, og særlig 
merker vi en del kopier

[03:02.000 --> 03:07.000] av presten Heldsens Rana bilder som oppbevares på Bergens museum.

[03:07.000 --> 03:13.000] En stor samling gammel porseleen er utstilt i skap, og dessuten 
finner vi et rikholdig bibliotek

[03:13.000 --> 03:17.000] med litteratur fra slutten av forrige århundredet opptil i dag.

[03:17.000 --> 03:24.000] Omtrent en tusen bind fra det 18 århundredet og tidligere er 
oppbevart på museet.

[03:24.000 --> 03:31.000] Nå er heim blitt Meiergårdens turisthotell, med mange om eget 
forteller her mer om privathjemmet

[03:31.000 --> 03:38.000] enn om hotellet. Værelsenet har navn, ikke nummer. Telefonkiosken 
heter for eksempel Ringebu.

[03:38.000 --> 03:45.000] Toalettene, Victoria Falls og Niagara Falls, forøvrig bærer 
værelsenet navn fra alle jordens kanter.

[03:45.000 --> 03:51.000] Og bo her er som en jordomseling når den går på visit til andre 
gjester.

[03:51.000 --> 03:57.000] Skal vi drikke kaffe i Cairo i dag, eller hva sier de til den 
kold pjolter på Himalaya?

[03:57.000 --> 04:03.000] Og dratt i Blocksberg svarer kanskje de. Ja, gjerne det svarer 
jeg, for der bor fruen selv
[04:03.000 --> 04:07.000] og mottar sine gjester med den største gjestfrihet.
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Norwegian wav2vec 2.0?

● XLS-R Multilingual wav2vec 2.0 (Baevski et al., 2020)
● Swedish VoxRex (Malmsten, Haffenden, Börjeson, 2022)
● NPSC-based models (Solberg and Ortiz, 2022)
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Norwegian wav2vec 2.0?

● XLS-R Multilingual wav2vec 2.0 (Baevski et al., 2020)
● Swedish VoxRex (Malmsten, Haffenden, Börjeson, 2022)
● NPSC-based models (Solberg and Ortiz, 2022)
● HuggingFace Challenge results

Model Final WER

NbAiLab/nb-wav2vec2-1b-bokmaal 6.33

NbAiLab/nb-wav2vec2-300m-bokmaal 7.03

NbAiLab/nb-wav2vec2-300m-nynorsk 12.22

https://huggingface.co/NbAiLab/nb-wav2vec2-300m-bokmaal
https://huggingface.co/NbAiLab/nb-wav2vec2-300m-nynorsk
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Norwegian ASR: Wav2Vec2

● Data
○ NST: Norwegian Speech Synthesis
○ NPSC: Norwegian Parliamentary Speech

Corpus

● Bokmål and Nynorsk

● VoxRex and XLS-R

De la Rosa, Javier, Rolv-Arild Braaten, Per Egil Kummervold, and Freddy Wetjen (2023). “Boosting Norwegian Automatic Speech Recognition.” In: Proceedings of 
the 24rd Nordic Conference on Computational Linguistics (NoDaLiDa). Faroe Islands: Linköping University Electronic Press, Sweden
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Whisper

Alec Radford, Jong Wook Kim, Tao Xu, Greg Brockman, Christine McLeavey, and Ilya Sutskever, “Robust speech recognition via large-scale weak supervision.,” 2022.
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Norwegian ASR: Wav2Vec2 vs Whisper

● Data
○ NST: Norwegian Speech Synthesis
○ NPSC: Norwegian Parliamentary Speech

Corpus

● Bokmål and Nynorsk

● VoxRex and XLS-R

De la Rosa, Javier, Rolv-Arild Braaten, Per Egil Kummervold, and Freddy Wetjen (2023). “Boosting Norwegian Automatic Speech Recognition.” In: Proceedings of 
the 24rd Nordic Conference on Computational Linguistics (NoDaLiDa). Faroe Islands: Linköping University Electronic Press, Sweden
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Sámi Whisper?

● No support for Sámi in Whisper

● Very small supervised dataset

● Use of closest language in Whisper for transfer: Finnish
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Sámi Whisper?

● No support for Sámi in Whisper

● Very small supervised dataset

● Use of closest language in Whisper for transfer: Finnish

● Experimental version: https://huggingface.co/NbAiLab/whisper-large-sme
○ WER: 24.91

https://huggingface.co/NbAiLab/whisper-large-sme
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Sámi Whisper

Read speech:

Ja de bosui davvebiegga nu garrasit go sáhtii, muhto mađi eanet son bosui, 
dađi čavgadeappot vánddardeaddji giesai jáhka iežas birra.

And then the North Wind started blowing as hard as it could, but the harder the wind blew 

down the road, the tighter the man clung to his coat.

● Wav2Vec2: 

● Whisper: 
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Sámi Whisper

Spontaneous speech:

Gal han dat lea áhkku nu ahte… áhkku lea nu rábmái, ahte dat muitala buot gili áhkkuide, dat ahte 
doppe lea olbmoborranrásiid levsset badjin, ahte son gártá juohke beaivve viehkat mihcamáraid 
maŋŋá viežžamin daid olbmoborranrásiid, gal han son… gal han son ii viečča daid.

So grandmother is like… grandmother is so braggy, that she tells all the grandmothers in the village, that there are garden angelicas [...], 

that after the midsummer she has to go harvesting garden angelicas every day, but she… she does not (really) harvest them.

● Wav2Vec2: 

● Whisper: 
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NB-Whisper

● Goal: Train a Seq2Seq model for Norwegian ASR
○ Full focus since August 2022
○ Change in direction October 2022
○ From unsupervised + supervised to weak-supervision

● Aligned 60.000 hours of legally deposited material
○ 7 million - 30 second snippets
○ Subtitles, parliamentary speeches, audio books

● Developed the first training scripts for Whisper using Jax on TPU
○ Collaboration with HuggingFace and Google TPU Research Cloud
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NB-Whisper

● Norwegian speech to Nynorsk, Bokmål or English
● “Any language” to Nynorsk or Bokmål
● Model sizes: 

○ Tiny (39M)
○ Base (74M)
○ Small (244M)
○ Medium (769M)
○ Large (1550M)

● Improving the quality of Norwegian transcription with “at least two 
model classes” compared to OpenAIs models. 

● Able to control the style of the transcripts.
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Embedding Space
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Mímir Project
Evaluating the Impact of Copyrighted Materials on Generative Large Language Models for 

Norwegian Languages
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Data

Configurations Dataset
mimir-base mimir-base
mimir-extended mimir-extended
mimir-base + all other newspapers mimir-newspapers
mimir-base + all other newspapers + all nonfiction mimir-factual
mimir-base + all nonfiction mimir-nonfiction
mimir-base + all fiction mimir-fiction
mimir-base + all books mimir-books
mimir-base + all other newspapers + all books - all translated mimir-untranslated-withnewspapers
mimir-base + all books - all translated mimir-untranslated
mimir-base + all books - all untranslated mimir-translated
mimir-base + all books - all other newspapers mimir-rightholders
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Models trained
Status Initialization Data Name
✅ From scratch mimir-base mimir-mistral-7b-base-scratch
✅ From scratch mimir-extended mimir-mistral-7b-extended-scratch
✅ Pre-existing mimir-base mimir-mistral-7b-base
✅ Pre-existing mimir-extended mimir-mistral-7b-extended

✅ mimir-mistral-7b-base-scratch mimir-fiction mimir-7b-fiction
✅ mimir-mistral-7b-base-scratch mimir-nonfiction mimir-7b-nonfiction
✅ mimir-mistral-7b-base-scratch mimir-factual mimir-7b-factual

✅ mimir-mistral-7b-base-scratch mimir-newspapers mimir-7b-newspapers
✅ mimir-mistral-7b-base-scratch mimir-books mimir-7b-books
✅ mimir-mistral-7b-base-scratch mimir-rightholders mimir-7b-rightholders

✅ mimir-mistral-7b-base-scratch mimir-untranslated-withnewspapers mimir-7b-untranslated-withnewspapers
✅ mimir-mistral-7b-base-scratch mimir-untranslated mimir-7b-untranslated
✅ mimir-mistral-7b-base-scratch mimir-translated mimir-7b-translated

https://huggingface.co/mimir-project/mimir-mistral-7b-base-scratch
https://huggingface.co/mimir-project/mimir-mistral-7b-extended-scratch
https://huggingface.co/mimir-project/mimir-mistral-7b-base
https://huggingface.co/mimir-project/mimir-mistral-7b-base-scratch
https://huggingface.co/mimir-project/mimir-7b-fiction
https://huggingface.co/mimir-project/mimir-mistral-7b-base-scratch
https://huggingface.co/mimir-project/mimir-7b-nonfiction
https://huggingface.co/mimir-project/mimir-mistral-7b-base-scratch
https://huggingface.co/mimir-project/mimir-7b-factual
https://huggingface.co/mimir-project/mimir-mistral-7b-base-scratch
https://huggingface.co/mimir-project/mimir-7b-newspapers
https://huggingface.co/mimir-project/mimir-mistral-7b-base-scratch
https://huggingface.co/mimir-project/mimir-7b-books
https://huggingface.co/mimir-project/mimir-mistral-7b-base-scratch
https://huggingface.co/mimir-project/mimir-mistral-7b-base-scratch
https://huggingface.co/mimir-project/mimir-7b-untranslated-withnewspapers
https://huggingface.co/mimir-project/mimir-mistral-7b-base-scratch
https://huggingface.co/mimir-project/mimir-7b-untranslated
https://huggingface.co/mimir-project/mimir-mistral-7b-base-scratch
https://huggingface.co/mimir-project/mimir-7b-translated
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Evaluation

1. Sentiment Analysis
2. Fairness & Truthfulness
3. Reading Comprehension
4. World Knowledge
5. Commonsense Reasoning
6. Norwegian Syntax
7. Summarization
8. Translation
9. Linguistic Analysis
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Evaluation: Ablations from Scratch
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Evaluation: Pre-Training
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Benefits of all of this?

Obvious

● Better access to content for more people
● Easier to find relevant content
● Greater possibility of use and reuse
● New ways of working internally
● Good contribution to society

Not-so-obvious

● Greater focus on the content rather than the carrier of the content
● Changed view of the collection
● Digital tools of course
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Thanks!

Questions?

www.nb.no
ai.nb.no

Javier de la Rosa
versae@nb.no

AI-lab

http://www.nb.no
https://ai.nb.no
mailto:versae@nb.no

