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Semantic Web 101
Foodstufts

Nasty words
Smelly things

Outlook

Overview

Image generated by deepai.org prompt: an image that
contains foodstuffs, smelly things and nasty words



http://deepai.org

Semantic Web 101
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Image source: https://www.europosters.nl/canvas-print-f74194345



Semantic Web 101

Describe & link Web content In a machine-
readable manner

* clement website 1 — website 2 (e.g. ‘click
here’)

e ¢clement resource - has relation - element
resource 2



Semantic Web 101



Semantic Web x NLP

—ntity Linking

* Milne, David, and lan H. Witten. "Learning to
ink with wikipedia.” In Proceedings of the
17th ACM conference on Information and
knowledge management, pp. 509-518.
2008.

e Mendes, Pablo N., Max Jakob, Andres
Garcia-Silva, and Christian Bizer. "DBpedia
spotlight: shedding light on the welb of
documents.” In Proceedings of the 7th
international conference on semantic

systems, pp. 1-8. 2011.




Semantic Web x NLP

e \Workshop on Semantic Web and Information
—xtraction (SWAIE): 2013, 2014

e NLP & DBpedia workshop: 2013, 2014, 2015




Foodstuffs
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Constructing a Recipe Web from  Marieke van Erp @merpeltje

Melvin Wevers @melvinwevers

Historical Newspapers Hugo Huurdeman @timelessfuture




Butter, salt & pepper

- Analysis of food customs:
+ historians
- dieticians
- ethnologists
- 1945 - 1995 Parool, Volkskrant, NRC & Trouw

-+ Dataset and code available through: https://
github.com/DHLab-nl/historical-recipe-web

- Winner National Library - Rijksmuseum -
Network Digital Heritage HackalLOD Hackathon

- You & other researchers are invited to work
with us on case studies around food culture


https://github.com/DHLab-nl/historical-recipe-web
https://github.com/DHLab-nl/historical-recipe-web
https://github.com/DHLab-nl/historical-recipe-web

Newspapers as a source for
recipes

- perception of a Dutch food culture formed
INn the 1950s

* newspapers are producer and messengers
of public discourse

* newspapers contain views on daily life and
customs

- But:

» keyword search for ‘recepten’
Imprecise

* noise from digitisation process



Newspaper dataset

Pages Articles Tokens
Parool 14.194 2,380,697 612,036,106
Volkskrant 13.628 2,248,652 (44,275,792
NRC 7.199 947.198 489,397,816
_ , o Trouw 13.891 2,578,731 656,941,631
» Dutch National Library has digitised 90+
million book, newspaper and magazine pages |lotal: 48.912 8,155,278 2,502,651,345

» Newspapers published between 1618 - 1995
from the Netherlands, the Dutch Indies
(present day Indonesia), the Antilles, the US
and Surinam (15% of all newspapers
published in the Netherlands)

- Available via website, data dump (until 1876)
and APl (with agreement)



dinsdag
O ossestaartsoep
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Va0,1 2 blikken witte bonen In 1 uitje
1 eetlepel ?IWd- 2 eetlepels keuken-
12 knakwostjes, 1 klein

, ftalLananasDlokJes- Sodrdi het uitJe
en meng dit ,Qoe h bonen met
tomatensaus. Nir,;e groente In een
ingevette ?fd h ste schaal. Roer de
mos- Je hni?or de stroop en giet hiet

‘ )7( A} N . U R AN W N Ry, § A AIA IAAIAAIA I \AII AL S, S A*



OCR Quality
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From newspapers to a recipe web

Recipe text detection

allerhandé’

Y

Seed list

Ingredients

Recipe tags

Recipe
descriptions

Text
classification

v

Recipe articles
Information Extraction and /
Multilabel Classification
Ingredient and

quantity extraction > Structured newspaper

recipes

Recipe tags

Enrichment

DBpedia link

Scientific name

Origin

Structured and enriched
newspaper recipes



What & how much??

- articles cannot automatically be segmented

+ OCR errors and non-grammatical
sentences are a hurdle for standard NLP
pipelines

» |lexicon-based extraction of ingredients and
quantities

Image source: https://cdn.pixabay.com/photo/2014/11/15/20/30/kitchen-scale-532651_960_720.jpg



Evaluation

- 100 articles were manually annotated using
Recogito

+ OCR errors in ingredients or quantities marked
separately

- |AA .85 but OCR boundaries difficult:
j°ar,anen’ vs o°ar,anen’

» Most precise lexicon: f1 = .67

 More research is needed for out-of-lexicon
ingredients



Results ingredients extraction

Clean Ingredients

With OCR errors

precision | recall | f; correct | precision | recall | f;
Allerhande 0.70 0.65 0.67 998 | 0.70 0.59 0.64
DBpedia 0.60 0.33 0.47 513 | 0.60 0.30 0.45
WordNet 0.62 0.50 0.56 764 | 0.62 0.45 0.54
AH-DBP-WN | 0.56 0.75 0.66 1,154 | 0.56 0.68 0.62




27,411 new (old) recipes

» 34,479 Tags
» 365,133 ingredients
>17,000 Links to external sources

- Data and software available at: https://
github.com/DHLab-nl/historical-recipe-web


https://github.com/DHLab-nl/historical-recipe-web
https://github.com/DHLab-nl/historical-recipe-web

Take home message

+ OCR errors can impact information extraction

- OCR post-correction is an active research
field, but errors will remain

- Focus on most important elements to extract

source: https://resolver. kb.nI/resoIve’?urh:ABCDDD:.01 0877049:mpeg21 a0



dutch digital
heritage
network

Acknowledgements;



https://twelvemilesfromalemondotcom.files.wordpress.com/2014/09/img_0326.jpg

Communicating the environmental
Impact of plant based recipes

DHLA




Collaborative project

DHLAB



Measuring the sustainability of a diet

e (Collect recipes

e allrecipes.com, chetkoch.de, ah.nl

e analyse ingredients, quantities, If possible
cooking method

e analyse groups of recipes’ carbon footprints

DHLAB 29


http://allrecipes.com
http://chefkoch.de
http://ah.nl

DHLAB

Pipeline

26



Integrated Dataset

ALPRO FOOD SUSTAINABILITY 18/09/2021
Quick search + O - s # Exit
Penne met hartige No No 5.4 kg 5.1 kg 8.16 m2 917.29 L 37153.64 L 32.78 g PO43-eq 149.0) (4] [garlic, olive oil, pancetta,
venkel-pancettasaus CO2eq CO2eq penne]

Kale with Caramelized Yes Yes 0.03 kg 0.03 kg 0.07 m2 6.56 L 493.86 L 0.16 g PO43-eq 184.0) (4 [almonds, bunch curly

Onions CO2eq CO2eq servings] kale, garlic, olive oil,
vinegar, water, %2 onion]

Kamikaze Cocktail Yes Yes 0.0 kg 0.0 kg 0.0 m2 0.0L 0.0L 0.0 g PO43-eq 25.0)

CO2eq CO2eq

Lemon or Vanilla Blintzes Yes No 5.94 kg 5.86 kg 0.15 m2 14.48 L 549.16 L 0.25 g PO43-eq 1225.0) (4 [6 eggs, blueberries,

with Blueberry or CO2eq CO2eq servings] butter, cheese, cinnamon,

Strawberry Sauce Recipe lemon, milk, potato starch,
sugar, water]

Lemon-Orange Walnut Yes No 0.66 kg 0.65 kg 0.04 m2 9.08 L 416.01 L 0.11 g PO43-eq 1643.0) [12 [2 large eggs, butter, flour,

Bread Recipe CO2eq CO2eq servings] lemon, lemon juice, milk,
orange, splenda, vanilla
extract, walnuts]

Salade met Yes No 2.47 kg 2.22 kg 9.9 m2 792.16 L 31338.05L 11.27 g PO43-eq 0.0 (4] [manchego cheese, peas,

CO2eq CO2eq pecans]

Lamskoteletjes met No No 5.18 kg 4.29 kg 0.29 m2 27.35L 2050.91 L 0.5 g PO43-eq 956.01] (4] [1 shallot, 1 zucchini, 8

geroosterde groenten en CO2eq CO2eq lamb chops, basil, capers,

salsa verd pt coriander, extra virgin

W }Nﬂ olive oil, garlic, mint,
4 arsle
~ " DHLAE e




Nasty words™

*The next few slides may contain derogatory words
and phrases. They are provided solely as illustrations of the
research results and do not reflect the
opinions of the authors or their organisations.
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https://www.theguardian.com/technology/2016/mar/24/tay-microsofts-ai-chatbot-gets-a-crash-course-in-racism-from-twitter
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https://www.vice.com/en/article/v7dg8m/ethical-ai-trained-on-reddit-posts-said-genocide-is-okay-if-it-makes-people-happy
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t's only gotten worse...

write feedback for a bubbly receptionist

[Employee Name] is a bubbly and outgoing receptionist who consistently demonstrates a
positive attitude and a friendly demeanor. She is a natural at building rapport with clients

and visitors, and she is able to make them feel welcome and comfortable from the

moment they arrive.

She is well organized and efficient in managing the front desk, and she is able to handle a
variety of tasks such as answering phone calls, scheduling appointments, and directing
visitors to the appropriate areas. She is also able to handle difficult situations with tact
and diplomacy, and she is able to diffuse any potential conflicts or complaints in a

professional manner.

One of her strengths is her ability to think on her feet and to adapt to changing situations.
She is able to handle multiple tasks at once and to prioritize her work effectively. She is

also a team player, always willing to help her colleagues when they need it.

However, in some situations, her bubbly and outgoing personality might be a distraction
for some of her colleagues, and she should be mindful of that, and be respectful of the

work environment.

source: https://www.fastcompany.com/90844066/chatgpt-write-performance-reviews-sexist-and-racist

Overall, [Employee Name] is an asset to the organization, and her positive attitude,

31


https://www.fastcompany.com/90844066/chatgpt-write-performance-reviews-sexist-and-racist

Why Might This Be Bad”

source: https://www.fastcompany.com/90844066/chatgpt-write-performance-reviews-sexist-and-racist
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https://www.fastcompany.com/90844066/chatgpt-write-performance-reviews-sexist-and-racist

Image source: https://rijks-frontend.azureedge.net/assets/35d9bc04-dd96-4b84-8efa-423400ae88de?w=1200&nh=630&x=3041&fy=2714&c=61377ca5f31c4d5¢c198ab8b397011d13e4e8a2b634e09a44d73d17067da16c51



The Problem

e GLAMSs have billions of pages of digitised content
¢ These collections cover decades/centuries
e Most content is hardly ever accessed by users”

* 'Find & Replace’ of contentious terms is too crude

*Traub, M. C., Samar, T., Van Ossenbruggen, J., He, J., de Vries, A., & Hardman, L. (2016, June). Querylog-based assessment of retrievability bias in a
large newspaper corpus. In 2016 IEEE/ACM Joint Conference on Digital Libraries (JCDL) (pp. 7-16). IEEE.
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Modest, Wayne & Lelijveld, Robin (editors) 2018. Words Matter, Work in Progress |. National Museum of World Cultures.https://
www.materialculture.nl/en/publications/words-matter

35


https://www.materialculture.nl/en/node/1016

Andrei Nesterov, Laura Hollink, Marieke van Erp, and Jacco van Ossenbruggen. “A Knowledge Graph of Contentious Terminology for Inclusive
Representation of Cultural Heritage.” In European Semantic Web Conference, pp. 502-519. Cham: Springer Nature Switzerland, 2023.
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Changing World Views & Language

e Our language reflects our
world views

e Many archives contain
anguage that does not
onger correspond to

current societal values

e How can we deal with this?

Ryan Brate, Marieke Van Erp, and Antal Van den Bosch. 2023. Contextual Profiling of
Charged Terms in Historical Newspapers. In Proceedings of the 4th Conference on
Language, Data and Knowledge, pages 97-108, Vienna, Austria.



Contextual Profiling of Charged Terms

Dutch newspapers 1950 - 1990

Model contexts known charged nouns

Use contexts to identify other,
previously unknown, charged contexts

POS-tag patterns, scored via log-
likelihood ratio



Results
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Culturally Aware Al

Looking at bias from different angles

Integrating findings in GLAM interfaces

10 July Utrecht University: PhD defence Ryan
Srate Words Matter - A computational toolkit
for charged terms

https://cultural-ai.nl

Nesterov, A., Hollink, L., & van Ossenbruggen, J. (2025). Alter Heritage: A web app to gather
expert knowledge on inclusive cultural heritage metadata. In International Conference on
Knowledge Engineering and Knowledge Management. Winner Best Poster/Demo
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https://cultural-ai.nl

Smelly Things*

*more than just perfume 42



A Distributed Project

Objectives:

¢ develop state-of-the-art Al techniques to
identify olfactory information in digital text and Q 9
image collections; to curate historical olfactory
narratives:

® recognise, safeguard, and promote olfactory
heritage;

¢ t0 show that critically engaging our sense of
smell & olfactory heritage is viable means for 9
connecting and promoting Europe’s tangible
and intangible cultural heritage



Super interdisciplinary

Computer Vision

T

creates input for

N

Historical Narratives

\

is used by

Natural Language
Processing

A

/
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Knowledge Graph
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Science

is used by
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Reading Smell
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Reading Smell

Objective: developing language technology to identify references to
smells in (historical) texts;

Challenges:
e finding smell references;
e |anguage change.

Annotation guidelines, benchmark dataset for English, Italian,
French, Dutch, German, Slovene & Neo-Latin, NLP models for
extracting smell references from text, >62,000 texts processed
and searchable via the European Olfactory Knowledge Graph

Stefano Menini, Teresa Paccosi, Sara Tonelli, Marieke Van Erp,
Inger Leemans, Pasquale Lisena, Raphael Troncy, William Tullett,
Ali Hurriyetoglu, Ger Dijkstra, Femke Gordijn, Elias Jurgens,
Josephine Koopman, Aron Ouwerkerk, Sanne Steen, Inna Novalija,
Janez Brank, Dunja Mladenic, and Anja Zidar. 2022. A multilingual
benchmark to capture olfactory situations over time. In
Proceedings of the 3rd Workshop on Computational Approaches
to Historical Language Change, pages 1-10, Dublin, Ireland.
Association for Computational Linguistics

Tool: https://inception-project.github.io/

46



Reading Smell

Dutch | English | French | German | Italian | Slovenian | Latin
Smell 1788 | 1,530 845 | 2659 | 1254 1.973 | 1.374
Word
Smell 1922 | 1313 710 | 2297 | 952 1.638 | 1.167
Source
Quality 1071 | 1.084 450 | 1.730 | 707 936 | 790
Perceiver 336 362 140 399 | 153 266 | 232
Circumstances 399 248 88 274 202 228 172
Odor 351 310 106 170 | 195 408 | 125
Carrier
Effect 243 187 53 425 | 104 214 | 224
Evoked 208 91 103 258 74 285 | 92
Odorant
Place 255 302 172 200 | 158 394 | 182
Time 127 126 49 131 | 119 75 | 87
Creator 30 0 5 1 0 1 0

Overview of annotated instances of lexical units (Smell Words) and frame elements in the benchmark for each language

47



Classification Setups

Single task vs multi-task & mono-lingual vs multi-lingual
Contemporary models:

* EN: bert-base-caseq, IT: bert-base-italian-cased, NL: bert-base-dutch-cased, FR:
flaubert_case_based, SL: sloberta, DE: bert-base-german-cased, LA: simple-latin-bert-uncased,
Multilingual: bert-lbase-multiingual-cased (mBert)

Historical models:

e EN: MacBERTH, IT: BERToldo, NL: GysBERT, FR: D’alemBERT, DE: bert-base-historical-german-rw-
cased

o SL: low-resource language, historical processing via spelling normalisation

10-ftold cross-validation

48



Lan. | App. | Train | Smell | Smell | Quality | Odour | Evoked | Loc. | Perc. | Time | Circ. | Effect
Data | Word | Source Carrier | Odorant
MT | Mono 0.871 | 0.571 0.758 0.482 0.572 | 0.542 | 0.510 | 0.434 | 0.461 | 0.405
EN multi | 0.865 | 0.574 0.759 0.462 0.517 | 0.546 | 0.488 | 0.528 | 0.480 | 0.339
ST mono | 0.867 | 0.525 0.703 0.392 0.293 | 0.368 | 0.410 | 0.304 | 0.266 | 0.140
multi | 0.881 | 0.530 0.698 0.392 0.359 | 0.410 | 0.390 | 0.309 | 0.261 | 0.138
MT | Mono 0.871 | 0.559 0.800 0.343 0.564 | 0.439 | 0.241 | 0.613 | 0.259 | 0.246
T multi | 0.887 | 0.575 0.801 0.382 0.625 | 0.304 | 0.240 | 0.642 | 0.309 | 0.201
ST mono | 0.854 | 0.387 0.739 0.249 0.383 | 0.193 | 0.254 | 0.461 | 0.148 | 0.141
multi | 0.880 | 0.407 0.755 0.269 0.299 | 0.186 | 0.231 | 0.398 | 0.201 | 0.149
MT | Mono 0.839 | 0.459 0.567 0.440 0.536 | 0.373 | 0.380 | 0.481 | 0.279 | 0.235
ER multi | 0.838 | 0.472 0.591 0.379 0.505 | 0.322 | 0.258 | 0.561 | 0.306 | 0.273
o7 mono | 0.734 | 0.314 0.336 0.327 0.414 | 0.302 | 0.291 | 0.384 | 0.118 | 0.142
multi | 0.820 | 0.417 0.488 0.352 0.367 | 0.251 | 0.268 | 0.336 | 0.111 | 0.150
MT | Mono 0.788 | 0.376 0.632 0.191 0.444 | 0.238 | 0.303 | 0.313 | 0.133 | 0.149
NL multi | 0.789 | 0.407 0.638 0.214 0.468 | 0.236 | 0.308 | 0.342 | 0.154 | 0.192
o7 mono | 0.725 | 0.225 0.545 0.041 0.091 0.068 | 0.104 | 0.096 | 0.053 | 0.045
multi | 0.765 | 0.235 0.556 0.072 0.063 | 0.082 | 0.064 | 0.071 | 0.030 | 0.039
MT | Mono 0.812 | 0.454 0.668 0.157 0.454 | 0.308 | 0.358 | 0.184 | 0.300 | 0.241
DE multi | 0.814 | 0.470 0.677 0.215 0.490 | 0.293 | 0.351 | 0.255 | 0.273 | 0.253
o7 mono | 0.778 | 0.273 0.479 0.186 0.150 | 0.092 | 0.164 | 0.162 | 0.040 | 0.036
multi | 0.797 | 0.268 0.443 0.141 0.086 | 0.092 | 0.133 | 0.095 | 0.031 | 0.030
MT | Mono 0.707 | 0.501 0.525 0.320 0.506 | 0.401 | 0.355 | 0.280 | 0.153 | 0.151
sL multi | 0.695 | 0.442 0.491 0.273 0.445 | 0.368 | 0.245 | 0.214 | 0.103 | 0.132
ST mono | 0.675 | 0.406 0.451 0.119 0.277 | 0.236 | 0.170 | 0.155 | 0.068 | 0.074
multi | 0.655 | 0.358 0.448 0.186 0.263 | 0.212 | 0.195 | 0.137 | 0.051 | 0.086
MT | mono | 0.710 | 0.220 0.359 0.052 0.142 | 0.081 | 0.233 | 0.066 | 0.006 | 0.043
LA ST mono | 0.213 | 0.000 0.000 0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
multi | 0.351 | 0.000 0.000 0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

Results (F1) of the classifiers on the lexical unit and 9 frame elements for both Single Task (ST) and Multi-task (MT)

approaches. Each result is the average of 10 different runs done on 10 different data splits). mono = monolingual data and

model; multi = multilingual training data and model. Results contemporary models shown.
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Organising Smell
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crm:E21 reo:readP1 has

Person occupation Vocabulary
crm:E74 foaf:nationality Vocabulary
Group reo:readP25 is
member of (ethnic VOCGbU/GI’y
d L1 1 communities)
od:L11 0d.
Smell od:L6 :
Smell . CLB 7/ LIEES Vocabulary
Litera/ crm: P2 has Anlmal species
type
crm:P123 resulted in crm:P123 resulted in
foaf:name Literal
crm:E39 crm: P14 0d:L14 Smell 0d:L15 Smell
carried out . . foaf:age [ /
Actor oy Transformation Interaction crm:E39 : Litera
Vocabulary Actor
[ crm: P14 carried
crm:P33 used crm:P124 transformed crm:P124 transformed VOCGbU/ny Literal out by . foaf:gender Vocabular
crm:E29 Design specific technique crm: P14 carried Y
or Procedure od:L11 Smell crm:P2 has type crm:P141 assigned out by
. crm: P14 carried od:F8 has v b /
Assignment Experience
co-occurring (synestetic)
experience
crm: P132
crm:E5 Event crm:P140 assigned overlaps with .
crm:P10 falls within : . Crm-E53
attribute to crm:P17 was motivated
co-occurring event by crm:P7 took Place
place at
. , time:Temporal
time:TemporalE  ymenastime 0d:L12 Smell | o4 generated od:L11 od:F2 perceived 0d:L13 Olfactory time:hasTime Entity
ntlty EmiSSion Smel | Experience od:F5 involved
gesture od:L7 Vocabulary
crm:P8 took . crm:P117 crm:P2
5 d:F4 . .
place at od:F3 source o carrier occurs during ] reo..readP27 is Gesture has type
o triggered by
crm: reo:REO21  cmp2
" : i:5S10 Material crm:P44 has ‘E3 . ' Vocabular
Place Srensd S0 it e it " crm: crm:E1 CRM Emotions  has type y
S Substantial condition Condition State Iéntity
crm: P137 o .,
s Fies crm: P137 crm: P137 e.g. “sick”, “rotten
i crm:P46 is exemplifies exemplifies anoth/er smell, a person,
composed of a place, a concept...
Vocabulary Vocabulary crm:P51 has former crm: P132
crmsci:S10 Material or current owner overlaps with
; . od:F9 involved
Substantial crm:P51 has former E39 smell
rdfs:label ] or carrent owner C;\ngéor crm:E29 Design
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crm:P33 used
crm:E12 specific technique
Production crm:E39 , . . .
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. general purpose
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Place Procedure crm:E1 CRM
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Pasquale Lisena, Daniel Schwabe, Marieke van Erp, Raphaél Troncy, William Tullett, Inger Leemans, Lizzie Marx, and Sofia Colette Ehrich. "Capturing the Semantics of Smell: The
Odeuropa Data Model for Olfactory Heritage Information." In The Semantic Web: 19th International Conference, ESWC 2022, Hersonissos, Crete, Greece, May 29-June 2, 2022,
Proceedinags. pp. 387-405. Cham: Sorinaer International Publishina. 2022.









https://bit.ly/odeuropa-images

Code: https://github.com/Odeuropa

https://bit.ly/odeuropa-text
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Outlook™

* not the email client 55



Outlook

LLLMs are a game changer
...but not a magic wand
Domain knowledge for trustworthiness

Combining structured & unstructured data

Relativity, by M. C. Escher. Lithograph, 1953.
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Outlook

Dutch East India Company
e Commodities (DHBenelux 2024)

e Semantic change in ethnic categories & loan words
(talk to Jiaqj)

e Spices, DHBenelux 2025!

Historical Recipes

e Under review (but talk to Gauri & Teresa)
Modelling Change

e Under review (but talk to Jiagi and me)
Smell in Fan Fiction

e With Julia Neugarten, DHBenelux 2025

Image generated by deepai.org prompt: cauldron with
stew, colonial spices and Zeus and Athena on the side
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http://deepai.org

More Info

dhlab.nl
cultural-ai.nl

odeuropa.eu
trifecta.dhlab.nl
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http://dhlab.nl
http://odeuropa.eu

Thank you

Odeuropa and TRIFECTA have received funding from the European Union’s Horizon 2020 and Horizon Europe research and innovation programmes under
grant agreements 101004469 and 10188548. Cultural Al has received funding from the Dutch Research Council (NWO), the Dutch Digital Heritage Network
(NDE) and Europeana. Communicating the environmental impact of plant based recipes has received funding from the Alpro Foundation
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