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Data: RecipeNLG

RecipeNLG dataset, partly based on the
RecipelM+ dataset, and providing over
1 million new, preprocessed and
deduplicated recipes

Michal Bien, Michal Gilski, Martyna Maciejewska, Wojciech Taisner, Dawid Wisniewski, Agnieszka Lawrynowicz, RecipeNLG: A Cooking Recipes

Dataset for Semi-Structured Text Generation. INLG 2020: 22-28
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[ Web scraped and acquired recipes

Constructing dataset

Y

ingr: ["3/4 Ibs. lean beef", ...],

instr: ["Combine all ingredients." ...],

title: "Spicy Stuffed Peppers"
Adding control tokens to
form a plain text input

Extracting
food entites

Adding NER result

<RECIPE_START><INPUT_START> beef <NEXT_INPUT> ... h
<INPUT_END> <INGR_START> 3/4 Ibs. lean beef
<NEXT_INGR> ...<INGR_END> <INSTR_START> Combine all
ingredients.<NEXT_INSTR> ... <INSTR_END> <TITLE_START>
Spicy Stuffed Peppers <TITLE_END><RECIPE_END> )

Tokenizing l

Training the

model
[ [50265, 50267, 12023...]
T

“Generation

Starter
Test set Generated
Recipes
Evaluating recipes. Original vs generated
with the same input string
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Ontologies: FoodOn + PATO + ONS

“Agricultural / wild material  Harvested material Food product Consumer

\ H https://github.com/FoodOntology/joint-food-ontology-wg //
) Agronomy PATO  Phenotype and trait Nutritional studies / /

=Nzl Environment FAO | Fungal anatomy Nutritional epidemiology
Cfopdletary nutrition | UBERON | Animal anatomy | FOBI | Food-biomarkers

PO | Plant anatomy ‘GenEpiO. Genomic epidemiology

[I ] Dooley, D.M.; Griffiths, E.J.; Gosal, G.S.; Buttigieg, P.L.; Hoehndorf, R.; Lange, M.C.; Schriml, The National Centre
Norway L.M.; Brinkman, F.S.L.; Hsiao, W.W.L. FoodOn: A harmonized food ontology to increase for Research and Development
gran ts global food traceability, quality control and data integration. NPJ Sci. Food 2018, 2, 23.
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What ingredient to substitute?
Generic substitution

WhatToMake ontology \ / siToe
(HEALS project) e

Facipe \_’

serves
\ o

hasCookingTemgprature
xsd-integer

hasingredient ‘

substtutesFor ‘

ingredient

\ hasGlycemicindex
xS

d:nonNegativelnteger

D Sola S. Shirai, Oshani Seneviratne, Minor Gordon, Ching-Hua Chen, Deborah 8 The National Centre

Norway L. McGuinness: Identifying Ingredient Substitutions Using a Knowledge Graph for Research and Development
grants of Food. Frontiers Artif. Intell. 3: 621766 (2020)



What ingredient to substitute, why and how?

Context:

. _ . Diet .
Constraints: allergy, diet, health condition, lack of
ingredient, ... y
Goals: exclude a specific product for health reasons, é-
increase the intake of a particular nutrient, make a B
dish less dense, ... Technology Tastiness
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Example substitution (recipe for pancakes)

Substitution

butter, melted—>regular butter
Pre-processing step. Melt butter.

Ingredients

all-purpose flour—1% cups

salt—pinch or more to taste

white sugar—1 tablespoon

milk—1% cups

egg—I1

butter—2%: tablespoons

oil for frying

Recipe process

Step 0. Melt butter.

Step 1. Mix flour, salt, and sugar in a bowl. Add milk, egg, and melted butter.
Step 2. Blend until smooth.

Step 3. Heat a frying pan with light oil.

Step 4. Pour the batter into the pan, using about 1/3 cup for each pancake.
Step 5. Brown on both sides.

Dsui 8 The National Centre
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How to model substitutes for ingredients in food
recipes¢

- What related concepts should be taken into account to define the
substitution’s context (e.g., conditions, goals)?

How to link the proposed model to existing food models and
recommended design patterns?

[P[li 8 The National Centre

Norway for Research and Development
grants



Recipe ingredient substitute: binary or n-ary

relation?®

Conceptualization of substitutions in existing ontologies and knowledge graphs.

Ontology Substitution Context Limitations
a (symmetric) relation: no links with
'has food substance analog’ dietary and food preparation
FoodOn
subclasses of class: allergen analysis ~ process, recipes
'food product analog’
FoodKG heuristics based on explicit ~ dietary restrictions no ontological
semantics and embeddings nutritional change conceptualization
ONE no term(s) for substitution
ONS no term(s) for substitution

D:Qi 8 The National Centre
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Recipe ingredient substitute: binary or n-ary
relation?

Modeling ingredient substitutes - two major settings:
1. without context, i.e., as general substitutes

2. taking into account the context of a specific recipe and its food
technological aspects and other factors, such as dietary
constraints, goals, and technological conditions

In the latter case, relation expressing substitution may become n-ary

To model n-ary relation using OWL, we may reify it to a class
Substitution and attach all ,attributes” to it

[P[li 8 The National Centre

Norway for Research and Development
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Recipe ingredient substitution: process or
specification?

Food recipe specifies a procedure on how to prepare a dish

It is not a process per se (spanning a time period) but rather a (plan)
specification of a process to be performed to prepare a dish

- A major modeling decision: to model ingredient substitution in
recipes on the level of specification rather than processes

Dsui 8 The National Centre

Norway for Research and Development
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Ingredient specification

e A complex entity:
e food items (materials)
e quality measure of unit and quantity

e A simple one or a complex one:
e disjunction of ingredients (goat or sheep meat or both)

e conjunction (dill and fennel, green and dry onions) or combinations of
spices)

e optional ->’empty’ substitution?

Dsui 8 The National Centre
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FoodOn recipe model

[ plan specification

_ 10000104
" daaset | - ;
@ M food recipe p
component of ™ ¥ t
component of
component of
. ingredient set | ' device set ! instruction set :
has m;amber has member as mlamber
- A4
: ingredient device step
Vspecmlcahon : | specification | specification 'y
/(is about 5 @ component of
component of is about is about e scmi:w %)
(data item | device dl%"
[IAO | [=ET 0000968 ( 0000140
~ \ &
( 0000027 ) capable of A~
/ bl has specified input
food material > £
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00002403 o
| has W"°2”,°'/ time:hasTime
is quality has quality el \ 4
measure :l ohist / firie chef (lmo:onplollmmal
time:hasDuration
quality )
(color, weight, ripeness, [ time:Duration |
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) time:numericDuration time:unitType
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N Lange, M.; Dooley, D.; Weber, M.; Ibanescu, L.; Chan, L.; Soldatova, L.; Yang, C.; Warren, R.; Shimizu, C.; McGinty, H.K.; et al. Food Process
orway Ontology Requirements. Available online: http://www.semantic-web-journal.net/content/food-process-ontology-requirements (accessed
grantS on 15 December 2021).



Food Recipe Ingredient Substitution
Ontology Design Pattern

oposition TR T WY
'\ﬁ‘i- 0000991 objective specification
LI 0000005
| dietary
= condition
plan specification i
LI¥ 0000104 | condition  <i— technological
ondition
cultural
has part condition
food reci ke — 'r"?"r:ﬂ: ——— [
e | substitution B ’
has component has component (specification)
ingredient set { Instruction set
(specification) | (specification) has part has part
m has member =
hes member l ingredient set instruction set
has unit has quantity A transformation transformation
| step specification specification
data item k| Ingredient data set lpeciﬁcmon poe e
specification | IS 0000100
has component l is about l LEGEND
food material | action specification [ | information
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l has quality
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Norway Agnieszka tawrynowicz, Anna Wrdblewska, Weronika T. Adrian, Bartosz Kulczynski, Anna Gramza-Michalowska.
grants Food Recipe Ingredient Substitution Ontology Design Pattern. Sensors 22(3): 1095 (2022)



s this the only right solution?

What about finding another (binary?) role/relationship
that connects two things that can substitute one another
so they have the same role to products instead of ,has

food product analog”?
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Modeling substitutes - FoodOn curation

workgroup ™

. food product //OR// food by quality
milk food product
non-diary milk food product
plant milk product
nut milk product

D ] *joint modeling effort of FoodOn curation workgroup
Norway (with Damion Dooley, Rhiannon Cameron, Magalie
grants Weber, Kai Blumberg, other FoodOn curators)
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For example natural or artificial ,vanilla”: differences
in provenance of the material, but also differences in
organoleptics

Let’s think about , vanilla taste” role
Both could then have the same aromatic role

[ ] *joint modeling effort of FoodOn curation workgroup 8 The National Centre

Norway (with Damion Dooley, Rhiannon Cameron, Magalie for Research and Development
grants Weber, Kai Blumberg, other FoodOn curators)



What about using ,,quality”?
E.g. ,milk quality”?
But then we may have:

,milk quality” with respect to taste
,milk quality” with respect to nutritional value?

[ ] *joint modeling effort of FoodOn curation workgroup 8 The National Centre

Norway (with Damion Dooley, Rhiannon Cameron, Magalie for Research and Development
grants Weber, Kai Blumberg, other FoodOn curators)



What about using ,,quality”?
E.g. ,milk quality”?
But then we may have:

,milk quality” with respect to taste
,milk quality” with respect to nutritional value?

,milk organoleptic quality”, , milk fat quality”, ...

[ ] *joint modeling effort of FoodOn curation workgroup 8 The National Centre
Norway (with Damion Dooley, Rhiannon Cameron, Magalie for Research and Development
grants Weber, Kai Blumberg, other FoodOn curators)



Named entity recognition
models



TASTEset - Recipe Dataset and Food Entities
Recognition Benchmark

Tagset:

FOOD as the name of an ingredient (e.g. bread, mayonnaise, salt, tomato),
* QUANTITY as a quantity (usually expressed by digits or a float),
* UNIT as a unit of measurement (e.g. bunch, cup, grams, jar, millimeters, slices, stalks, tablespoon, teaspoon)

* PROCESS as the attribute of the ingredient, usually referring to an action to be taken to prepare the
ingredient (e.g. chopped for parsley, crushed for garlic, grated for ginger, minced for garlic),

* PHYSICAL QUALITY as the characteristic of the ingredient (e.g. boneless for chicken breast),
* COLOR as the color of the ingredient,
* TASTE as the flavour (e.g. bittersweet, butter-flavoured, sweet, semi-sweet),

* PURPOSE as the purpose of using the ingredient in the recipe (e.g. for dusting about flour, for garnish about
sunflower seeds, for frying about canola oil, and as topping about sour cream),

* PART as a part of the ingredient required by the recipe (e.g. yolks and whites as parts of the eggs).

Anna Wrdblewska, Agnieszka Kaliska, Maciej Pawlowski, Dawid Wisniewski, Witold
| | :I Sosnowski, Agnieszka Lawrynowicz: TASTEset - Recipe Dataset and Food Entities The National Centre
Recognition Benchmark. CoRR abs/2204.07775 (2022) https://arxiv.org/abs/2204.07775 for Research and Development
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https://arxiv.org/abs/2204.07775

TASTEset: entity examples

[ehysical quality] (color] {food)
[ o—" |quantity]

1 medium  green tomato (per person)

i pinch salt and pepper

—_ B [unit] _ [food][food]| _ _ [food]
Dl | 2 tablespoons sunflower butter, or nut

Norway
grants
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TASTEset

e 700 recipes with more than 13,000 entities to extract
* manual annotation covered 3,788 ingredients of varying complexity
* state-of-the-art baselines of named entity recognition models

List of ingredients 1 ko S rom

- 1 box powdered sugar 8 quanTity 0z uNIT _ butter roop

- 8 oz. soft butter 1 quantity ( 8 quantity 0z unit ) peanut butter roop

- 1 (8 0z.) peanut butter

_ parafﬁn paraffin roop

- 12 oz. chocolate chips 12 quanmry oz umir . chocolate chips Foop
D :I 8 The National Centre
Norway for Research and Development

grants



Named Entity Recogpnition - results

Model
entity BERT base-cased BERT jarge-cased FoodNER BERT with CRF LUKE

FOOD 0.889 +0.013 0.898 4+ 0.012 0.888 4+ 0.010 0.895+0.013 0.915 + 0.005
QUANTITY 0.983 + 0.004 0.982 +0.007 0.985 +£0.004 0.980 £ 0.006 0.975 £ 0.010
UNIT 0.9794+0.005 0.976 £0.009 0.979+0.005 0.975+0.006 0.976 £ 0.006
PROCESS 0.930+0.006 0.927 +£0.015 0.921 £+ 0.007 0.913 +£0.019 0.916 £ 0.021
PHYSICAL QUALITY 0.797 £ 0.011 0.7954+0.025 0.804 +0.015 0.772+0.003 0.767 £+ 0.035
COLOR 0.873 £ 0.039 0.910+0.039 0.913 +£0.037 0.894 + 0.046 0.872 £+ 0.051
TASTE 0.772 +0.115 0.781 4+ 0.089 0.769 +0.116 0.789 +0.093  0.655 +0.120
PURPOSE 0.789+0.145 0.853 +£0.141 0.801 #+0.140 0.821 +0.127 0.684 + 0.176

PART 0.705+0.115 0.801 £0.034 0.744 +0.127 0.730 £+ 0.091 0.786 £+ 0.10

all 0.932+0.008 0.935+0.011 0.932 4+ 0.006 0.929 £+ 0.008 0.927 + 0.008

Table 2: The detailed results (average F-scores over 5 runs in 5-fold cross-validation) of our baselines for TASTEset

dataset.
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Knowledge graph
construction



FoodOn

recipe model - example

{ Boiled Carrots recipe: :
i «boil half a litre of waterinapot
{ - clean and chop 1 kg carrots F

[food recipe) ~\ - add carrots to the pot
/f .......... B St sgusioony

X_dovap2 . has member
e
is about
Al
P oxdit Poxddil i 2 i1 x_contt
{ (dataitem] } isabout [dataitem] i isabout is about :.[data itom] : * [container] has member
iy N A is qualty . —
sqwﬂvo'munn is qualty measure of : s :
7 s 2 ’eog“"“"" TR g : [step specification) :
volume | quantity mass muh:;y mwmyi wkzaslm s mbout
T proct has ;
x_ing1 hos {drinking
primary input — [adding liquid —primary-»
e | locontaner] | ouput M
has primary input
R
_proc2
x_pot1 X .
- utilizes device
[cooking stove] n iner]
x_food1 i xproc3
. has specified input (adding solid
! row, ol ;. 1o container]

Lange, M.; Dooley, D.; Weber, M.; Ibanescu, L.; Chan, L.; Soldatova, L.; Yang, C.;
Warren, R.; Shimizu, C.; McGinty, H.K.; et al. Food Process Ontology Requirements.
Available online: http://www.semantic-web-journal.net/content/food-process-
ontology-requirements (accessed on 15 December 2021).

Norway
grants

The National Centre
for Research and Development



Modeling alternative ingredients

boiled carrots
[food reciepe]

component of

%_ings1
[ingredient set]

has member has member has member-
1" ) ": : ) is alternative to ] ) :
is about i X_ingsp1 1 \ X_ingsp2 is about | X_ingsp3 1 is about
1 [ingredient specification] | 1 [ingredient specification) 1 [ingredient specification] !
has component _ing2 x_ing3
x_ing1 [carrots (raw, diced)] ¢ [peppers(raw, diced)]
[drinking water] [ y Tt Y T '
\ X_iri1 : | x_iri2 1 | X_iri3 3
1 [data item] : : : : [data item] :
'ig"my measur?ﬂh\ . quality measure of has unit is quality measure of has unit
as uni - -
has quantity has quantity’
volume ¥ \ mass N mass
litre Kilogram
05 equivalent of 1 lequivalent of|
[UO:litre] UQ:kilogram

The National Centre
Norway for Research and Development
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What instances (not) to create

OWL has been designed to distinguish between a class and an
instance

Consider: carrots (cooked, diced) and that we have classes carrot
food product, cooked (quality), diced (quality)

Should we thus create in a knowledge graph new instances for each
yattribute” of an ingredient (e.g. for sweet and diced)?

It would be inefficient to copy these ,,classes” with just one new

[I instance each time
The National Centre

Norway for Research and Development
grants



What instances (not) to create: punning

OWL designed to distinguish between a class and an instance
Solution: punning

A
Asserted Equivalent To

{diced}

owl:Thing

Dsui 8 The National Centre

Norway for Research and Development
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Entity linking - LexMapr
green onions (chopped)

['onion (chopped):FOODON_03316397', 'scallion (whole,
raw):FOODON_03311340'] Component Match

[P[li 8 The National Centre

Norway for Research and Development
grants



Could we ask LLM for adding missing
information?

green onions (chopped)
Use existing tags in a prompt

Select from the existing tagset (color, type, process, purpose, part, source) one to three tags
of what "green" is in the phrase "green onions (chopped)". Respond in one word.

Dsui 8 The National Centre

Norway for Research and Development



Entity linking with LLM and logical reasoning

Active labeling (augmentation) using human annotators as ,,strong experts” (gold
coprora) and LLM as ,weak expert” (silver copora)

Recipe
database
(RecipeNLG, ...)

]

FoodO

food
ontologies

verified
> tched
Named Entity m:n%; matched
Recognition entity
= Hugging Face < A

4| entity linking

> (LexMapr) »| component

match
annotated
recipe v
Query /

no matched prompt LLM
entity
Dsui 8 The National Centre

Norway Consistency for Research and Development
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Ontology / KG authoring

Logic based Test-Driven Development of ontologies/knowledge graphs

recipe schema
(Food Process
Ontology)

construction

Norway
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candidate
new
triples

‘ KG schema
and instances

verification,
classification,
mapping
(consistency
checking,
TDDOnto)

verified
new
triples

verified
new
classes
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