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The Problem of What to eat?

Given a list of available food items, with nutritional
properties and a cost:

How much of each should | eat to be well
nourished?

Is it enough for it to be as cheap as possible?
How important it is that I like it?

Could | avoid the items | am allergic to?
What about including locally produced items?
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The Menu Planning Problem (MPP): Ingredients and Dishes.

However, we do not eat raw food in bulk, do we?
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The Menu Planning Problem.

It was introduced in the 1960s by Balintfy 1 as an evolution to the Diet Problem
formulated by George Stigler 2.

The aimisto nd the cheapest possible diet  that satis es certain nutritional
requirements

Instead of an array of raw foods, it employs cooked dishes as (integer) variables.
Where x, represent the number of times a dish  n is chosen from a list of N
dishes.

These variables are substituted in current approaches of the problem with
binary variables  with a given structure of D days and K intakes (slots) per day.

LBalintfy 1964.
2stigler 1945.
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The basic Menu Planning Problem with Binary Variables.

The Optimisation Model could still look like this:

R
Cost : mxln Cn Xp'
d=1k=1n=1
st x<92x
x5 pinary 8n;k;d
Where:
X is just bounded by basic nutritional constraints.
D is the number of days in the schedule and K the number of daily intakes.
Cp is the cost (in $) per intake menu item (dish) n.

x<¢ is now a binary variable tting a given schedule, x4 = 1if dish n is consumed in the
k intake of day d and x,'f;d = 0 otherwise.
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Applications of the Menu Planning Problem

It can be used for:

Hospitality industry: designing nutritious, a ordable, and varied weekly menus
for food providers.

Institutional catering: adapting menus to dietary restrictions and health
conditions in prisons, hospitals and elderly care homes.

Policy making and dietary recommendations: optimizing population health
over long planning horizons, while considering cultural background.

Transportation:  planning compact, safe, and well stored meals.
Personalized diets:  generating individual meal plans based on user preferences.

Sustainable food systems:  incorporating environmental criteria such as carbon
footprint or food waste minimization.
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The Literature of the MPP.

State of the art in the current age of computation, we have:
Use of binary variables that tinto the schedule. 2
Taking into account objectives beyond cost, especially, sustainability.
Multiple con icting objectives together.  °
Di erent sets constraints, to accommodate allergies, diseases or lifestyles.
A complex problem in need of metaheuristics.  ’
Solve the problem for small parts of a schedule in the Food Industry.

4

8

SBenvenuti et al. 2016.

4Garca-Leal, Espinoza P erez, and Vasquez 2023; Gustafson et al. 2022.

5Sundin et al. 2023; Ramos-P erez et al. 2020.

SMarty et al. 2022; Maillot et al. 2009.

" Martos-Barrachina et al. 2022; Hernandez-Ocana et al. 2018; Moreira et al. 2018.
8Segredo et al. 2020; Aggarwal et al. 2020; Benvenuti and De Santis 2020.
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SHARP Framework.

SUSFANS developed an European Framework for
Improving EU eating towards Sustainable Diets .2.

Introduced the SHARP acronym:
Sustainability.
Health.
A ordability.
Reliability.
Palatability.

3Jvancic et al. 2018.
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The 5 Dimensions: A few notes.

The two basic dimensions are Health and A ordability , already introduced by
George Stigler in 1945 and used by every research since then.

The set of constraints ensures proper nutrition, and therefore health.
Cost is the most used objective function.
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The 5 Dimensions: A few notes.

Palatability refers to the 'likeability’ or 'acceptability’ of the proposed diets.
But how is this measured?
It is tackled implicitly, through the use of acceptable recipes, likeable items or
through distance metrics in the continuous approach.  °

9Ka\n(—.‘llopoulos et al. 2020; Perignon et al. 2016; Benvenuti and De Santis 2020; Hern  andez et al. 2021.
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The 5 Dimensions: A few notes.

Sustainability is considered mainly in terms of environmental impact.  1° It has
become a very important aspect in most current approaches of the problem.

Food security, market availability and supply chain trustworthiness are encompassed
in Reliability . It is either not considered or considered implicitly.
Is this guaranteed in our European Context? Yes, but...

10Byssel et al. 2019.
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Why sustainability in the food system?

The global food industry is an economic titan ~ *:
It accounts for around 12% of global GDP (10 trillion  $).
It accounts for around 40% of global employment.
Its negative externalities are worth 14% of global GDP (12 trillion  $).
Externalities such as human health, social impact and environmental damage.

L1WEF 2020.
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Why sustainability in the food system?

GHGE

Figure: Food Contribution to GHGE.
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Why sustainability in the food system?

Land

Figure: The use of land for food.
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Why sustainability in the food system?

Water

Figure: The use of water per kg of food.
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Our objective is to create a exible multiobjective optimization model for the MPP
within the SHARP framework.
@ Understanding the Spanish Diet (DP). 2
@ Improving it considering the Mediterranean Diet Standards (DP).
© Developing a preliminary Menu Planning model  Healthy and Reliable.
@ Using Cost and Palatability as objectives. 1°
® Incorporating a Sustainable objective and solve the multi-objective problem.

13

16

12Martos-Barrachina et al. 2019.

13Hernandez et al. 2021.

14Martos-Barrachina et al. 2022.

15Martos-Barrachina, Delgado-Antequera, and Hern  andez 2024.

16 Martos-Barrachina 2024.
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The Spanish Diet: How close is it to the MD?

A dataset was developed with data from a Spanish

Consumption Panel for 2016 and 2017 (MAPAMA) 2.
The data is dissaggregated by region, month and

food group.

An analysis of the di erent regional diets of Spain

(annually and by seasons) employing a two-step
clustering algorithm with ~ Ward's hierarchical
method and k-means , including the
Mediterranean Diet 'as a region'. °

AMAPAMA 2018.
b Martos-Barrachina et al. 2019.
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