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Substitute:
ingredient(s) change,
same technological
process, final
product similar to
the original one
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Food computing domain

Applications
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Food data
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TAISTI Project -
goals, structure,
research team
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TAISTI in a nutshell (http:/taisti.eu)

Title: Development of a Technology based on Artificial Intelligence for
inferring SubsTitutable recipe Ingredients

EEA and Norway grants - Financial contribution of Iceland,
Liechtenstein and Norway

Programme ,Applied Research”

Managed by the National Centre for Research and Development
Small grant scheme: 2 year project (1 July 2021 — 30 June 2023)

856 994 PLN in funding



http://taisti.eu

Objectives

Objective 1: Integrated
knowledge and data
resources on culinary
recipes and their
ingredients to fuel
artificial intelligence
algorithms

Objective 3: Developed
knowledge-driven (logic
reasoning-based) methods
to select and explain
target ingredients and
their valid substitutes

Objective 2: Developed
data-driven (machine
learning-based) methods
to recommend candidate
ingredient substitutes and
predict their
characteristics

Objective 4: A proof-of-
concept system for
recommending ingredient
substitutes to integrate
and demonstrate the
developed technologies




Phases

Phase 1
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and ontolologies
in food domain

Acquisition of data
and knowledge

culinary recipes
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knowledge graph
in culinary recipes
domain

Phase 2
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annotated culinary
recipes

Phase 3
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Development of
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Data and knowledge
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siiver standard corpora of
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machine leaming-based
models for recommending
substitutable Ingredients
and their roles

WP3
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WP4

System integration,

> prototyping and evolution

¥

Development of an
ontological reasoning-based
solution for selecting target

Ingredients and their
plausible substitutes
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WP1- (M1-M9)

» Task 1.1. Building a domain knowledge  Deliverable 1.1. Knowledge graph that
graph in culinary recipes domain integrates information on culinary recipes
from available domain ontologies and
* Task 1.2 To prepare training datasets by knowledge graphs
annotating entities in a recipe corpus with * Deliverable 1.2. Methods and software for
concepts from a knowledge graph annotating a corpus of recipes with entities
from the knowledge graph
e Task 1.3. Train joint embeddings of a * Deliverable 1.3. A novel knowledge-aware
knowledge graph and recipe structured language representation model with
texts knowledge graphs



WP2- (M7-M12)

e Task 2.1 Define a novel measure for  Deliverable D2.1 A novel measure of
assessing the substitutability of ingredients substitutability

e Task 2.2. Development of a deep learning- e Deliverable D2.1 Novel architecture of a
based model for identifying substitutable deep neural network for identifying
ingredients substitutable ingredients having ingredient

constraints and roles

* Task 2.3 Development of a deep learning-
based model for predicting chosen roles of
an ingredient given the recipe



WP3- (M13-M18)

Tasks:

e Task 3.1. Development of a method for selecting e Deliverable 3.1. Methods for pruning and
candidate substitutes to be replaced based on selecting ingredients
constraints and their roles in a given context

e Task 3.2 Development of a method for pruning

* Deliverable 3.2. A method for generating
candidate substitutes from the predicted ranking

explanations of ingredients to be replaced and

their substitutes
» Task 3.3. Development of a method to generate

explanations of ingredients to substitute and to
replace with



WP4- (M19-M24)

Tasks:

e Task 4.1 Integrate developed methods and e D4.1 A prototype expert system
components into a proof-of-concept expert implementing the proposed technology.
system

e D4.2 A suite of unit tests for the proposed

» Task 4.2 Develop a suite of unit tests for solution
validating the proposed methods and
components

e D4.3 A suite of integration tests

 Task 4.3 Develop a suite of integration tests
for validating the proof-of-concept system



Multidisciplinary research team

Leader, Pl: Agnieszka tawrynowicz (Computer Science, Poznan)

o Jedrzej Potoniec (Computer Science - Ontologies, KKR, Poznan)

o Dawid Wisniewski (Computer Science - IE, entity linking, Poznan)
Agnieszka Kalicka (Linguistics, Poznan)
Anna Gramza-Michatowska (Food technology, Poznan)
Bartosz Kulczynski (Dietetics, Poznan)
Anna Wréblewska (Computer Science - recommenders, ML, Warszawa)
Weronika T. Adrian (Computer Science - logic-based Al, KE, Krakéw)
Phd Students, Master Students



Knowledge
engineering in food
domain



Main research and development problems

e Knowledge curation

o Manual annotation (linguistics)

o Entity linking (information extraction, linking instances to existing categories and objects)
e Knowledge acquisition, integration and modeling

o Existing sources: recipes, nutritional tables, ontologies
o Domain experts (translating unstructured informal knowledge into knowledge
structured and formal)

e Machine learning-based recommendations

e Rule-based verification and explanation

o Modeling the domain with ontologies and rules
o Hard and weak constraints and automated reasoning




1: Recipe datasets

e Semi-structured data sources
o Text, images
o Ingredients sets: food items + quantity (units)
o Instructions sets (technological process)
o Nutritional data

e Data acquisition
o APlIs
o Crawling, web-scrapping
o Database dumps
e Annotation
Entity linking




2. Food-related ontologies and knowledge graphs

FoodOn - “A farm to fork ontology”

Ontology for Nutritional Studies, Ontology of Nutritional Epidemiology
Smart Products Ontology

FoodKG - knowledge graphs with recipes

Tables of nutritional data

EVERYTHING IS (OR SHOULD BE) CONNECTED...




Ontological modeling

Food material for humans and animals which is
food «— Nas input _ food processed with the intention that it be consumable

transformation —— has output —» as a whole or added to other food products.
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' g ————= food object
has ingredient Vo has food substance analog quality
| has country of origin

~ food food food
cooking preservation treatment
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medium packaging  contact surface group




Ontology for Nutritional Studies
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Smart Products Ontology

.’O\iﬁme

w3c% DOLCE Ultra Lite :

External modules
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generic.owl

process.owl
user.owl

Generic modules

product.owl

food.owl

Application-specific modules

food_taxonomy.owl

food_nutrients.owl




FoodOn - multiple classes and relationships on food

FoodOn

-«

FoodOn:

EACE¥S: =

Organism

Part of organism

Harvest state

Plant maturity

Food color

Food production

Food locality

Food process

Food physical quality

Extent of heat treatment

Food contact material
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3. Domain experts’ knowledge

e How domain experts talk:
o “lt's not that easy..."
“It depends...”
“It works for baking, but not for frying...”
“Everything could be substituted, the possibilities are endless...”
o “Why would one want to substitute it?”

e How to acquire and structure this knowledge?

O O O




[Scenariusz #1 - zamiana wynikajgca z braku produktu; zamiennik musi odwzorowywac¢ wartos¢ odzywcza, tj.
by¢ rowniez dobrym zrédtem btonnika]

Persona X zdecydowata sie na przygotowanie risotto. Jednak, gdy przyszto do sporzgdzenia potrawy okazato
sie, ze zabrakto jej ryzu brgzowego. W przepisie, ktory wykorzystywata nie byto podanej informacji na temat
sktadnika/sktadnikéw, ktorymi mozna zastgpi¢ ryz. Co wiecej Persona X postanowita odzywiac sie zdrowo i
zastanawia sie, ktory mozliwy zamiennik ryzu spetniatby jej oczekiwania, tj. nadawatby sie nie tylko z
technologicznego punktu widzenia, ale przede wszystkim bytby dobrym zrédtem btonnika pokarmowego.

[Scenariusz #2 - zamiana wynikajgca z koniecznosci wykluczenia konkretnego produktu z powodu zdrowotnego;
zamiennik musi spetnia¢c wymagania zdrowotne]

Persona Y postanowita przyrzgdzi¢ na impreze urodzinowg deser mleczny z owocami. Jednak okazato sie, ze
jeden z gosci ma zdiagnozowang alergie na biatko mleka krowiego i orzechy. Aby catkowicie nie rezygnowac z
pomystu przygotowania stodkiej przekgski, Persona Y postanowita wymieni¢ mleko na inny sktadnik. Niestety
nie ma ona pomystu, ktéry produkt sprawdzitby sie w tym przypadku jako dobry zamiennik mleka. Mgz podsunat
jej pomyst, ze moze to by¢ napoj migdatowy. Jednak nie jest przekonana, czy bedzie on odpowiednim
zamiennikiem, gdyz wspomniany gos¢ ma zdiagnozowang alergie na orzechy.

[Scenariusz #3 - zamiana wynikajgca z koniecznosci wykluczenia konkretnego produktu z powodu zdrowotnego;
zamiennik musi spetnia¢ wymagania technologiczne, tj. musi nadawac takg samg stodkosc¢ potrawie, jak cukier]

Parenna 7 iect w trakecie nrzvaontowania nieczonveh ciacter7ak na enotkanie rodzinne Dowiedziala cie iednak



Domain experts’ sources...

Gluten w spozywczych zastosowaniach pozapiekarskich

Typ produktu Zawartos¢ glutenu % Typ produktu Zawartos¢ glutenu %
Analogi owocow morza 13 Restrukturyzowane steki wolowe 3.6
Analogi miesa krabiego 21 Frankfurterki 8
Analogi kawioru 1-30 Przekaski wysokobialkowe 1-50
Analogi kielbasek 8-17 Pasty wysokobialkowe
Analogi pulpetéw 1 hamburgeréow 10.6 Tortille 1-4
Iitacje seréw ssuz | Dtudowane produkdy blomkowe [y,

HOFFMANN M, JEDRZEJCZYK H. NOWE ANALOGI MIESA. POSTEPY TECHNIKI PRZETWORSTWA SPOZYWCZEGO 1/2010
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Domain experts’ analyses...

l B l c | o | e | F | & | W | v | s | k [ v | M | N |
https://www.allrecipes.com/recipe/16354/easy-meatloaf/
Easy Meatloaf / mielony - pieczen rzymska

1% pounds ground beef mielona wotowina | m n CEBULA BUEKA CUKIER
T eg8 i » TARTA BRAZOWY

1 onion, chopped cebula |

1 cup milk mleko

1 cup dried bread crumbs butka tarta / krakersy

salt and pepper to taste s6l i pieprz =

2 tablespoons brown sugar brazowy cukier

2 tablespoons prepared mustard musztarda

% cup ketchup keczup
BLASZCE

Step 1

Preheat oven to 350 degrees F (175 degrees C). _!
WIERZCH

Step 2

PIEC
In a large bowl, combine the beef, egg, onion, milk and bread (1H, 175C)

OR cracker crumbs. Season with salt and pepper to taste and
place in a lightly greased 9x5-inch loaf pan, or form into a loaf
and place in a lightly greased 9x13-inch baking dish.

Step 3
In a separate small bowl, combine the brown sugar, mustard

—‘ Pieczen rzymska mielony SCHEMAT | Pieczen - ZAMIENNIKi | Wieprzowina- KARTA PRODUKTU

w @ (<]




Domain experts’ analyses...

e y ; WARUNEK 3
SKEADNIKI PODSTAWOWE ZAMIEN NA: WARUNEK 1: WARUNEK 2: [STOSUNEK ZAMIANY]:
wotowina mielona wieprzowina na zimno: TAK pieczenie: TAK 1:1
kurczak na zimno: TAK pieczenie: TAK 15l
indyk na zimno: TAK pieczenie: TAK 1:1
fosos biaty na zimno: TAK pieczenie: TAK gl
tunczyk na zimno: TAK pieczenie: TAK 11
ciecierzyca ugotowana pieczenie: TAK i
soczewica ugotowana pieczenie: TAK 1l
tempeh na zimno: TAK pieczenie: TAK 1:1
soja ugotowana pieczenie: TAK 1:1
sojowe kotlety na zimno: TAK pieczenie: TAK 15l
fasola ugotowana pieczenie: TAK 11
_|grzyby na zimno: TAK pieczenie: TAK 1iga |
Seitan (gluten pszenny) na zimno: TAK pieczenie: TAK 1:1
biatko z owadow na zimno: TAK pieczenie: TAK 1=
baktazan na zimno: TAK pieczenie: TAK 1l
jajo jajo w proszku na zimno: TAK pieczenie: TAK 1:1
len mielony na zimno: TAK pieczenie: TAK 12 plus woda 100%
chia mielona na zimno: TAK pieczenie: TAK 10g:1szt plus woda 100%
agar agar na zimno: TAK pieczenie: TAK 5g:1 szt plus woda 100%
Pieczen rzymska mielony SCHEMAT Pieczen - ZAMIENNIKi | Wieprzowina- KARTA PRODUKTU . ® <

H B3 M



Domain experts’ analyses...

zalezy ktory element kulinarny

Wieprzowina

UWAGA DODATKOWA/KOMENTARZ:

LEKKOSTRAWNY BEZGLUTENOWY = WEGETARIANSKI WEGANSKI BEZ LAKTOZY
NIE TAK NIE NIE TAK
NA SUROWO DO GOTOWANIA DO SMAZENIA DO PIECZENIA
NIE TAK TAK TAK
| 7RODLO: zelazo, biatko MALO: witaminy KALORIE: 120

_ wieprzowina kurczak indyk fosos biaty tunczyk ciecierzyca soczewica tempeh
warunek 1 [stosunek zamiany]: 1:1 3 5 | 1:1 11 11 1:1 1:1
warunek 2: na zimno: TAK _I na zimno: TAK na zimno: TAK na zimno: TAK na zimno: TAK  ugotowana ugotowana na zimne
warunek 3:
warunek 4:
warunek 5:

» Pieczen rzymska mielony SCHEMAT Pieczen - ZAMIENNIKi

Wieprzowina- KARTA PRODUKTU | ... (3

Kl




Knowledge engineering tasks

e Knowledge acquisition:
o Work with domain experts to elicitate knowledge
o Define and prepare templates to be filled by experts
e Knowledge modeling:
o Formalized knowledge with rules, ontologies etc.
o Integrate and reuse existing models
e Knowledge processing
o Define knowledge based system that is able to
transform the knowledge base (reason over it)
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C37 - 1 cup heavy cream

A B C D E F

‘ Vegetarian Vegetarian Vegan Veg weronika T A
p .

(ratio) (food product) (ratio)

Title Link Ingredient
3 Yellow Bird https://www.food.com/recipe/yellow-bit 4 ounces triple sec
4 Yellow Bird https://www.food.com/recipe/yellow-bit 3 ounces Tia Maria Weronika T. Adrian
5 Yellow Bird https://www.food.com/recipe/yellow-bit 20 ounces orange juice
6  Cinnamon Roll French Toast https://tasty.co/recipe/cinnamon-roll-fre 2 tubes cinnamon roll, refrigerated, with icing .
7 Cinnamon Roll French Toast https://tasty.co/recipe/cinnamon-roll-fre 4 tablespoons butter, melted 11 margarine 11 m
8 Cinnamon Roll French Toast https://tasty.co/recipe/cinnamon-roll-fre 6 eggs
9 Cinnamon Roll French Toast https://tasty.co/recipe/cinnamon-roll-fre A cup milk 11 oat drink 1:1 of

10 Cinnamon Roll French Toast https://tasty.co/recipe/cinnamon-roll-fre 2 teaspoons cinnamon
11 Cinnamon Roll French Toast https://tasty.co/recipe/cinnamon-roll-fre 2 teaspoons vanilla

£

Agnieszka Lawrynowicz | i

12 Cinnamon Roll French Toast https://tasty.co/recipe/cinnamon-roll-fre 1 cup maple syrup

3 Bahamian Sky Juice https://www.food.com/recipe/bahamiar 4 ripe coconuts

, ' ) ' ) o Bartek K v

4 Bahamian Sky Juice https://www.food.com/recipe/bahamiar 1 cup evaporated milk 5:41 PM Mar 28

jak ujg¢ w tabeli, gdy jeden sktadnik jest :

15 Bahamian Sky Juice https://www.food.com/recipe/bahamiar 1 cup gin zamieniany na dwa inne i np. potrzeba g
16 Bahamian Sky Juice https://www.food.com/recipe/bahamiar 3 tablespoons sugar (optiona GOBMEDWRGD SIDRODN PIEYQOIOWERIE? -
7 Bahamian Sky Juice https://www.food.com/recipe/bahamiar 1 teaspoon ground cinnamon

Bahamian Sky Juice https://www.food.com/recipe/bahamiar 14,2 teaspoon freshly grated nutmeg

19 Patriot S'mores https://www.food.com/recipe/patriot-sn 1 sheet graham cracker (broken in half)
20 Patriot S'mores https://www.food.com/recipe/patriot-sn 2 pieces milk chocolate candy bars 1:1 dark chocolate  1:1 }

* Nabuiod Clasccna LT TN fond cmvalanaima lantains am 1 wamvalmaalla. 23
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Recent results



Ontology Design
Pattern for Ingredient
Substitution

plan specification
L& 0000104

i
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(specification)
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[ condition technological
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| cultural
haspart |_condition |
food recipe
ingredient has part i e
substitution objective
(specification)
has part

unit quantity
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tawrynowicz, A., Wroblewska, A., Adrian, W.T., Kulczynski, B. and Gramza-Michatowska, A., 2022. Food Recipe Ingredient
Substitution Ontology Design Pattern. Sensors, 22(3), p.1095.



Instantiation of the pattern in WebProtege

| quantity I Iunit] l 1 nagrzac piekarnik do 170 stopni C | |2 potaczyc sktadniki | |3 utozy¢ na blaszcel |4 polac wierzch | | 5 piec 1 godzine]
s 4 1
' i has_member has_member has_member has_member has_member
is_quantity_measure_of p_rz_instr_set
4
is_about ‘ has_quantity has_unit

I wotowina_data_item I

has_component

ingredient_1

nas_component

has_member

has_component




KARTA PRODUKTU DLA CIECIERZYCY

Etykiety ogolne

I n St a nt I at I O n Of lekkostrawny bezglutenowy | wegetarianski | weganski

bez laktozy
NIE TAK TAK TAK TAK
t h e p att e rn Etykiety technologiczne
na surowo do gotowania | do smazenia do pieczenia
NIE TAK TAK TAK
Etykiety odzywcze
zrodlo mato kalorie
biatko, weglowodany | witaminy 120

llekkostravmy] Iv./egetariaﬁskil lwegaﬁskil lbezglutenowyl Ibez Iaklozyl Ina surowol Ido gotowanial Ido smaz‘enial Ido pieczenial Iquantity] Iunitl

has_no_quality has_quality has_quality has_quality has_quality has_no_guality has_quality has_qguality has_quality
ciecierzyca /E]\
is_quantity_measure_of has_quantity has_unit

b Wl

is_about [ ciecierzyca_data_item I

has_component

ingredient_2




Summary and
outlook



Summary and outlook

Interdisciplinary TAISTI project (http:/taisti.eu)

e Knowledge engineering problems in the project

o Knowledge acquisition from domain experts (defining excel templates, etc.)
o Knowledge integration reusing existing sources (defining a domain knowledge graph)
o Knowledge representation and reasoning

e Recent work and results

o Systematic (scoping) survey on substitution modeling in computer science
o Modeling substitution in formal languages (based on ontological pattern and in ASP)
o Ontology Design Pattern for ingredient substitution

e Future work

o Defining the rule base for explainable ingredient substitution
o System that will verify the ML-based recommendations
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Thank you for your ‘
attention!

Weronika T. Adrian, wta@agh.edu.pl
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