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A B S T R A C T

Nutrition is fundamental to human well-being and health, especially when applied to
patients who need special health care. In these cases, it is crucial that each patient has
adequate nutrition to meet their needs, in order to accelerate their recovery process.

Recommender systems make it possible to offer suggestions to users, adapted to their
preferences and to previously obtained information about them. Food recommender systems
are recommender systems applied to nutrition and diet. They are usually implemented
feeding plans recommendation platforms based on food and the person using it.

In this sense, the existing gap in the use of these recommendation systems applied to
nutrition in health care is notorious. This is mainly due to the difficulty in associating the
nutritional value of each food with the needs of patients.

The main objective of this project is to fill the existing void, through the development and
implementation of a platform that will allow the planning of meals taking into account the
nutritional plan of the food and the specific needs associated with the users of the Vila Verde
Social Canteen.

The use of machine learning algorithms will allow us to identify how the connection
between food and patient requirements can be made, making this task possible, which is
complex due to the wide domain associated with it.

This platform will be used for the generation of kitchen meal plans, which shall be
produced using the algorithms developed after a bibliographic study and an investigation of
the existing work, in order to understand how they can be implemented and which are the
most adequate to the nutritional recommendations system.

keywords machine learning, meal plan, recommendation systems, nutrition systems
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R E S U M O

A nutrição é fundamental no bem-estar e na saúde do ser humano, principalmente quando
aplicada a pacientes que necessitam de cuidados de saúde especiais. Nestes casos, é fulcral
que cada paciente tenha uma nutrição adequada às suas necessidades, de forma a acelerar o
seu processo de recuperação.

Os sistemas de recomendação permitem oferecer sugestões aos utilizadores, adequados
às suas preferências e às informações previamente obtidas acerca dos mesmos. Os sis-
temas de recomendação de alimentos são sistemas de recomendação aplicados à nutrição e
alimentação. Estes são usualmente implementados em plataformas de recomendações de
receitas e planos de alimentação tendo como base a comida e a pessoa.

Neste sentido, é notória a falha atual no que diz respeito à utilização destes sistemas de
recomendação aplicados à nutrição em cuidados de saúde. Isto deve-se maioritariamente à
dificuldade na associação entre o valor nutricional de cada alimento e as necessidades dos
pacientes.

Este projeto tem como principal objetivo preencher a lacuna existente, através do desen-
volvimento e implementação de uma plataforma que irá permitir o planeamento de refeições
tendo em conta o plano nutricional dos alimentos e as necessidades especı́ficas associadas
aos utentes da Cantina Social de Vila Verde.

A utilização de algoritmos de machine learning permitirá perceber como pode ser feita a
conexão entre os alimentos e os requisitos dos pacientes, tornando possı́vel esta tarefa, que é
complexa devido ao largo domı́nio associado à mesma.

Esta plataforma será utilizada para a geração de planos de refeições da cozinha, sendo
estes produzidos utilizando os algoritmos desenvolvidos após um estudo bibliográfico
e uma investigação ao trabalho existente com o objetivo de perceber como poderão ser
implementados e quais os mais adequados ao sistema de recomendações nutricional.

palavras-chave machine learning, planeamento de refeições, sistemas de recomendação,
sistemas de nutrição
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Part I

I N T R O D U C T O RY M AT E R I A L



1

I N T R O D U C T I O N

The current document details the research methods and necessary analysis to be performed
for the development of a platform for meal planning. This project was developed in the
context of the dissertation project at the Master of Computer Science of Universidade do
Minho.

In this first chapter, a brief contextualization about the project is presented, alongside with
the primary goals to be accomplished with this project and the major motivation that led to
its development. Closing this introductory chapter, an outline of the document’s structure is
presented.

1.1 context

1.1.1 Healthcare and Nutrition

Nutrition is a key factor in everyone’s quality of life and health conditions, and a even
more important factor when applied to healthcare patients, because a good nutrition can be
essential in their treatment and recovery process.

Medical Nutrition Therapy (MNT) is defined as the use of specific nutrition services to
treat an illness, injury, or condition and involves two phases: assessment of the nutritional
status of the client and treatment, which includes nutrition therapy, counseling, and the use
of specialized nutrition supplements.

Besides user preferences in certain foods, health becomes more important as a factor in
a food recommendation due to the increasing problems with unhealthy eating habits and
their related diseases. [1, 2]

Researches and developments for a patient management system have traditionally been
pursued within hospitals by specialized monitoring and decision-making support system.
However, the recent increase of chronic diseases requires more ubiquitous healthcare systems.
[3]
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1.1.2 Recommendation Systems

Since the appearing of the first papers on collaborative filtering in the 90s, recommendation
systems have seen an increment in alternative approaches and new ways to deal with the
data that is available.

Over the last few years, the amount of data available is growing at an enormous rate, in
relation to what was possible a few years ago. This data was discarded as it was only used
for statistics and small experiments, but, as technology evolved and algorithms got more
powerful, this data, when treated correctly, possesses and immeasurable amount of value.
[4]

This is particularly true when talking about healthcare systems, because of the high risk
and impact they can have on people whose life directly relies on the decisions the healthcare
professionals have to take.

Although this systems can improve patients’ quality of life by offering personalized
suggestions, it’s essential to keep in mind the potential complications of dealing with such
practices. [5]

Recommendation systems use Artificial Intelligence (AI) methods to provide item recom-
mendations to users. These methods are usually Machine Learning (ML) algorithms that
classify previously obtained data and then compare it with the newly received to provide
better suggestions. There’s countless of use cases for these algorithms that range from robots
to pattern recognition and self-driving cars. [6]

ML is a branch of AI that focus on how computer systems can learn from data and
improve their accuracy over time without being programmed to do so. It simulates human
learning and concede computers knowledge from real world, with the goal of improving
performance based on the received information. [7, 8] These algorithms require an enormous
amount of data in order to achieve a greater prediction efficiency, which means it’s vital to
get a lot of data related to the subject that’s being analysed. This step is normally achieved
through Data Mining. [9]

Data mining focus on extracting high-level knowledge from raw data. All this data holds
valuable information, such as trends and patterns, which can improve decision making and
increase success rates. [10, 11]

1.1.3 Vila Verde Social Canteen and Kitchen

Vila Verde Social Kitchen and Canteen (Cozinha e Cantina Social de Vila Verde) was built
with the goal of serving meals to it’s surrounding buildings, which represent Vila Verde’s
kindergarten, nursing home and hospital, as well as the underprivileged and homeless
people of the city.
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Hundreds of meals are produced every day at this kitchen and, depending on the day of
the week, the number can vary based on many factors, depending on the day of the week,
such as the number of patients currently in the hospital and how many people actually order
a take-away.

The social kitchen provides the meals that are then served at the kindergarten, nursing
home and hospital’s own kitchen while serving those meals directly in the social canteen
to families and individuals seeking financial and social support. This social canteen is also
used by employees of the institution and other personnel.

1.2 motivation

Therefore, as the amount of meals produced at the social kitchen increased, it became a
laborious task to manage what and how much to produce. The uncertainty related to the
number of people that will benefit from social kitchen’s support is also an important point
to be considered, which increases the difficulty behind organizing this institution.

With this in mind, its directors looked for a way to ease the canteen’s workflow to make
sure everyone was served and no food was wasted. The development of a management
platform that related patients and other canteen users’ diet and diseases, together with
Universidade do Minho, is an important step towards automating the management process.

The first step towards managing the kitchen while keeping in mind the patient’s needs was
to develop a web application to give guidance on the meal planning. The canteen already
had a previously developed application, however it was old and plain basic, without major
useful functionalities. It was mostly used to print weekly meal plans and to keep a record of
previously cooked meals, and also to allow associating the different dishes produced daily
with their correct section. This whole process is carried out manually by one of the people
responsible for this area, and it is a complex and repetitive task, since it requires a deep
analysis of the type of patients in each section and the nutrients that each patient needs
daily.

1.3 document structure

This document will be divided in 3 sections, each with several chapters:

• Introductory Material

Chapter 1 - Introduction: Opening chapter presenting a contextualization of the
work and outline the thesis motivation and objectives.
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Chapter 2 - State of the Art: Presentation and analysis of some concepts necessary
to proceed with this study and work previously done in the area, mainly related to
machine learning and it’s use cases in recommendation systems.

Chapter 3 - Tools and Research Methodologies: Analysis of the tools used in the
course of the year and methodologies followed.

Chapter 4 - Thesis Plan: Description of the project’s phases and outline of the
development process.

• Data Preparation

Chapter 1 - Problem Understanding: Introduction and analysis of the problem
to be solved, with the goal of realizing what are the requirements to met on the
development of this project.

Chapter 2 - Data Preparation: Analysis of the data that will be required on the
project, how it will be obtained and structured for later use.

• Solution Development and Conclusion

Chapter 1 - Solution Development: Explanation of the decisions taken, system
architecture and models and steps necessary to develop the solution.

Chapter 2 - Main Difficulties: Essential problems found while developing the
system and necessary steps taken in order to overcome them.

Chapter 3 - Conclusion and Future Work: Description of the results obtained,
discussion about what was achieved with the development of this solution and presen-
tation of possible improvements and additions that can be made to the system with
the intention of improving it.



2

S TAT E O F T H E A RT

2.1 introduction

In this chapter, the discussion is focused primarily on the previously published articles and
thesis work, what were the major difficulties found, and what needed to be done in order to
reach certain goals. Starting with Machine Learning and going through what it is and how
does it work, a small analysis of the various types of ML is performed, as well as how can
each distinct case be applied into a practical and functional platform.

ML is implemented in several developed projects, integrated in different categories,
therefore an examination was performed in order to understand what algorithm is normally
applied to which domain and how the best performance can be obtained based on the
examples considered.

Analysed projects will mainly fall on the recommendation system category, leading to a
study of those projects to understand what their goal is and how it applies to the goal of
this thesis. It is presented an explanation of how each algorithm was implemented and how
it could be used for further improvement of this thesis. Based on what is usually the input
received from the existent projects, either based on patient preferences or nutritional needs,
it is considered how that data will influence the decision process and the output given to
the user.

Concluding this chapter, sections studying work done using React and NodeJS are pre-
sented, in order to analyse and understand what are the best practices when developing a
platform with high risk data like the one built for this thesis.

2.2 introduction to machine learning

Machine Learning is deeply connected with Artificial Intelligence and is focused on making
systems learn from received data. These systems can understand how to perform tasks
by generalizing previously executed examples, saving time and energy to what could be a
time-consuming task when done manually by an human. [12]

8
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It was first created from pattern recognition and grew into the amount of use cases that are
available today. Its iterativity allows models to be independently adapted as they collect new
data. There is more data available than ever in human history, and that was made possible
by cheaper computational processing and more powerful and affordable data storage. [13]

2.2.1 Machine Learning Approaches

Supervised

Supervised learning focuses on making the computer learn a previously created classification
system. Classification learning can be used for any problem where getting a classification is
useful and easy to determine.

These algorithms use features and annotations in the training set and build a model
with the goal of predicting the annotations of the instances in the testing set. Throughout
this training, supervised ML algorithms can also allow the discovery of new patterns of
classification, which give experts new results to analyse and new knowledge subject to
various interpretations.

Essentially, if the task is to predict if an instance is related to a target variable, a set of
instances known to be related to it can be used to build a model and use this model to get
predictions for instances not used on training.

Supervised learning can be used with several learning methods such as classification
and regression. [14] This method is commonly used on training neural networks and
decision trees because these techniques depend highly on the information obtained by
pre-classification. [15]

Unsupervised

Unsupervised ML techniques are executed without any given layers. The analysis is
performed from raw datasets, meaning the understandings obtained from this data do not
require expertise when working with these types of algorithms.

Most recent advances in unsupervised ML studies are due to the evolution of hierarchical
learning, data clustering, latent variable models, dimensionality reduction and outlier
detection. [16]

Semi-Supervised

Unsupervised learning is also often used in conjunction with supervised learning in semi-
supervised learning. Processing the data before analysing it helps in the organization of the
dataset, which leads to a better data structure, causing better feature representation and ease
in finding patterns and structures in unlabeled data. [16]
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Reinforcement Learning

Reinforcement Learning algorithms takes actions without knowing if they are correct or not,
and learns through feedback received. The model is trained and tested at the same time and
will adapt its future decisions based on what was considered right and wrong.

It is based on a reward system that benefits from good decisions and is punished when
acting wrongfully. The algorithm then adaptes itself in order to maximize the expected
reward. This method is mainly used on self-driving cars. [17]

Transduction

Transduction learning is a supervised ML algorithm where most data points of the test set
are available for training without any labels.

These algorithms are mainly known to be instance-based, which means that problem
instances are compared with previously trained instances. Most used algorithms using this
paradigm are k-nearest neighbour and decision trees. [18]

2.2.2 Supervised Machine Learning Tasks

Classification

This supervised ML task is used to classify items in a data set into a predefined set of classes.
A model is then built in order to predict this classes’ attributes. The main goal of this task it
so predict what is the target attribute for every item in the data set.

Classification tasks begin with a data set where the attributes of the elements are known.
[19]

Regression

Regression task are in many ways similar to the classification task. However, in this case, the
goal is to predict functions from input data into numerical or continuous variables.

2.2.3 Unsupervised Machine Learning Tasks

Hierarchical Learning

The understanding of simple and complex properties of input data, called features, from a
hierarchy of multiple activations are what defines Hierarchical Learning. Features should
also be informative, discriminative and independent. [16]
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Data Clustering

Clustering’s goal is to find patterns on unlabeled data in the form of clusters. This means
that the input data is unlabeled and uncategorized and feeds the learning mechanism in
order to obtain an output that is grouped in a meaningful way, by similarities, which will
provide a better understanding about it’s structure. [16]

Latent Variable Models

Latent variable are variables that are inferred from a set of algorithms and mathematical
models from other observable variables.[20] A Latent Variable Model creates a relation
between a set of these latent variables and the manifest variables. [16]

Dimensionality Reduction

Data can be represented in fewer or more dimensions, although real world data usually
runs into the thousands of correlated dimensions. Dimensionality Reuction, in opposition
to previously described tasks, focuses on the data points and theirs distributions in an
N-dimensional space, instead of focusing on data lables. [16]

Outlier Detection

Outlier Detection excludes sample points that are distant from other samples in an axis
representation. This task is normally implemented using the Nearest neighbor based and
the cluster based methods.

2.3 machine learning on nutrition and healthcare

Machine Learning systems were able to make an impact in prediction and automation, by
effectively learning and improving from input data. Combined with data mining algorithms,
the amount of knowledge that can be obtained is immense.

As the amount of data increases, so does the knowledge that the machine has to learn,
which means better predictions. [21]

2.4 recommendation techniques

Recommender Systems (RS) are software tools and techniques that can provide users with
useful suggestions related to the type of wanted items. This is particularly used on movies,
books and music programs, where the algorithm’s fundamental goal is to give users the best
suggestions for that type of item. [22]
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RS are used for several reasons, such as the increase of number of items sold by a certain
company, which can be achieved by suggesting to users items that are likely to suit the user’s
needs. This is beneficial for the user, considering the increased quality of the experience,
and it is also beneficial for the company due to the higher gains.

These techniques are commonly powered by machine learning algorithms and data mining,
that provide the data for these algorithms to properly work.

Multiple approaches are viable for developing recommender systems. The most commonly
used ones will be described in this section. [22]

2.4.1 Collaborative Filtering

When using collaborative filtering, recommendations are made based on items that users
with similar tastes previously liked. This is often referred to as ”people-to-people correlation”
due to the calculation being made taking into account user similarities. [22]

Suggested items are calculated based on items that were previously liked by users with
similar tastes.

Collaborative Filtering is considered the most popular technique in Recommender Systems
with Neighborhood-based and model-based being the most used methods.

Neighborhood-based methods focus on the relationship between users and items. On
the other hand, model-based methods use Machine Learning and data mining to build
predictive models. [22]

2.4.2 Content-Based Filtering

Content-based filtering, as opposed to collaborative filtering, bases recommendations on
the item data, instead of the users data. This means that when a user is browsing for a
certain item, the RS finds information related to that item in order to suggest other items
with similar attributes. [8]

This approach analyzes a set of data related to an previously rated item and builds a
model associated with the user’s interests based on the features of those items. [22]

On contrary to collaborative Filtering, items they are not recommended because of the
similarities between users. The recommendations are made based on other items. [8]

2.4.3 Knowledge-Based

There are, however, several types of items where the previously described methods are
typically not suitable. This happens mainly on cases where the amount of ratings given by
the user is not enough to provide useful suggestions.
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Knowledge-based systems focus on resources not used by collaborative and content-based
filtering approach, that can be achieved by ”exploiting explicit user requirements and deep
knowledge about the underlying product domain for the calculation of recommendations”. [22]

These systems allow users to specify what data is useful to them, providing better control
over the received results. This technique is, however, similar to content-based filtering
in the sense that recommendations are based on the items’ attributes, except that the
knowledge-based technique does not delve into the relationship between users. [23]

2.5 linear programming

Conditional optimization models are mathematical models that aim to find the best solution
to a given evaluation problem from a series of solutions. Each of these solutions is defined
by a series of mathematical constraints that can be mathematical inequalities or equalities.
[24]

It has several practical applications, and is also the basis for the development of combina-
torial optimization.

An optimization problem consists of three essential points, namely a decision variable,
whose value is unknown and is to be determined, an objective function that is to be
optimized, and a number of constraints that must be obeyed by the decision variable. [25]

One of these models is called linear programming, and is used when the decision variables
are continuous, when the objective function is a linear function, and also when the initial
value of the constraint is a linear function.

A linear programming problem can have as an objective, as described above, minimizing
or maximizing the objective function, while the constraints can have any linear combination.
[24]

2.6 food recommendation systems

Food recommendation systems provide users a recipes and dishes taking into account their
needs and taste. This systems face a particular challenge in the Recommender Systems field,
as a result of the necessary adaption to its requirements.

The amount of nutritional advice and the variety of nutrients and food flavors creates a
difficult step that’s crucial to overcome in order to get useful and correct suggestions.

This allied with the inherent risk of dealing with people’s health increases the associated
challenge.

The challenge associated with the development of food recommendation systems is
expanded due to the difficulty in capturing user preferences and establishing a correct
recommendation in order to improve user’s eating behaviour.
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Previously developed platforms and nutrition recommender systems were analyzed in
order to perceive how each one obtains and treats user data and how suggestions are
generated.

[2] have produced a nutritional recommender system that focuses on the use of food item
databases that represent the nutritional value of each food. From these databases, micro
and macro-nutrients were derived in order to produce a user profile. This method focuses
mainly on ingredients previously consumed by the user, and creates recipes based on its
nutritional profile and nutritional needs. This method does not consider user’s health care,
following only its intake history to produce recipe suggestions.

[23] have worked on a solution that directly aims obesity problems, focusing mainly on
obese people. Their approach follows a knowledge-based method, producing its results
based on physical data provided from the user, such as gender, age, height and weight,
which are then used to calculate the body mass index. From this information, it’s possible to
perceive what the user’s caloric needs are. Having this information collected, a user model
is created aiming to create a context associated with it. A collaborative filtering approach is
then used, making possible for the algorithm to understand what recipes and foods should
be suggested to each used, taking into account data provided from users similar to the
subject.

[26] have developed on a recommender system that is very similar to the one described
bellow, where a user profile is first created in order to obtain suggestions from users in the
same context. In this case, a questionnaire is also needed with the goal of obtaining user
data, thus creating a user profile. This profile can be produced for healthy users as well as
patients affected by chronic kidney disease, hypertension, or diabetes. Applying knowledge
obtained from ”nutraceutical characteristics of typical Calabrian foods”, combined with
users profile data, the algorithm analyzes whether a food item is appropriate for an user
based on its health data, returning suggestions based on how accurate they are.

[27] have conceived a system that produces personalized nutrition recommendations based
on the user information. When first using these systems, users need to complete a survey
which will obtain their dietary intake and convert it into nutrients and calculate components
associated with each food item. Recommendations are created based on nutrition experts
data, that will initially provide nutrition recommendations manually, based on user data
such as age, gender, weight and height and dietary intake. After several expert data is
obtained, the process is then automated, granting users access to their recommendations. In
order to avoid cold-start problems, this solution captures knowledge from national nutrition
surveys, detecting correlations between dietary intake and socio-demographic data.

[28] have built a recommender system focusing on a hybrid recommender technique. This
means both knowledge-based and content-based techniques are used. Knowledge-based
technique makes use of users’ data and food items in order to produce recommendations,
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creating a relation between what items are adequate and meet user’s necessities. The
content-based technique produces suggestions based on food items features and ratings
given by users, allowing the creation of correlations between food features (nutritional value)
and user’s previous selections.

[29] have developed a solution that aims to facilitate the user’s task regarding to data
entry. In this case, the user needs to answer an initial questionnaire, and then a series of food
photos is presented in which he must identify those he likes. The image recognition system
identifies the foods and creates a profile of the user based on the nutritional information
associated with each food selected.



3

T O O L S A N D R E S E A R C H M E T H O D O L O G I E S

3.1 introduction

The development of a research project is constituted by a set of phases where every step is
previously analyzed in order to understand which path should be taken, taking into account
methodologies and technologies advantages.

For this dissertation project, the Design Science Research (DSR) investigation method was
used in order to understand what solutions should be followed. Throughout every phase,
several methodologies were studied and compared with the goal of distinguishing which
was more appropriate for this project in particular.

In this chapter, a presentation of the DSR method is presented, explaining how each
decision was made on knowledge creation based on the this method recommended approach.
Furthermore, used tools are also described, examining the primary advantages over other
possibilities.

3.2 design science research methodology

Design Science Research methodology approaches a way of researching engineering and
science related projects. DSR focuses on the development of artifacts with the goal of
recognizing and improving the production of these artifacts.

Furthermore, DSR creates new knowledge through design and innovative artifacts, while
using obtained knowledge to analyze and solve existing problems. Design Science Research
usually typically involves the creation of an artifact and/or design theory as a means to improve the
current state of practice as well as existing research knowledge. [30]

Moreover, this method comprises multiple steps, starting by the identification of the
problem and the definition of a solution. In addition, the design and development of
models and methods necessary to overcome them, preceding the demonstration of how
these can solve the problem.2 This solution is afterwards measured and evaluated. [31]
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This sequence is iterated, providing a better adaption to necessary changes until an
ultimate solution is achieved. [30]

In order to meet all the requirements and solve current and emerging problems of Vila
Verde Social Canteen professionals, the DSR methodology is used in this dissertation project.

Figure 1: Design Science Research Methodology

3.3 tools

A project of this kind consists of an integration between a set of tools and technologies,
allowing the accomplishment of various tasks. Accordingly, the technologies used for the
development of this project were: Node.js, an asynchronous event-driven Javascript (JS)
runtime, which will serve as a web server; React and React Native, a JS library that allows
the development of User Interface (UI) and an application framework that provides the
ability to build native apps with the same code, respectively; MySQL, a relational Database
Management System (DBMS), that will store users and other required data.

3.3.1 Node.JS

Node.js is a cross-platform runtime enrivonment for developing server-side Javascript
applications. It is built on Chrome’s JS runtime, which provides easily developed fast and
scalable network applications. Being single-threaded could reduce it’s scalability possibilities
due to the being less prominent to execute concurrent functions but Node uses an event-
driven, non-blocking I/O model, meaning it’s lightweight and efficient, making it possible
to use less resources for more requests. [32]

One of the most important features that Node provides are modules. Modules can be
described as extensions for Node, which help speed up the development process. These
modules can be core, third party and local modules. Core modules come installed by default
on every Node installation. Third party modules can be installed and will be imported into
a local directory, and can be installed using Node Package Manager (NPM). [32]

NPM allows the use of modules written by the Node community, as well as allows
publishing self-created local modules for others. This tool eases module management in
Node projects and provides a useful amount of previously developed code, meaning more
efficient project development. [32]
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One of Node most used modules is Express.js, a minimal and flexible web application
framework. This module provides several features useful for web and mobile applications.
[33] Express provides multiple interfaces that detach complex tasks from the developer,
granting the ability to build faster and more maintainable web applications.

Moreover, the previously described tools culminate on the construction of a web service.
This web service was built having in mind REpresentational State Transfer (REST) archi-
tecture. REST is a model that provides distributed interactions between multiple systems
following a series of principals, also called RESTful Web Services.

REST premise is clear, using Uniform Resource Identifiers (URIs) to represent resources,
while the access to those resources is used using the same methods normally used for
HyperText Transfer Protocol (HTTP): GET, POST, PUT, DELETE, PATCH, etc... REST
architecture is stateless, hence state is maintained by the resources. [34]

This methods can be used to operate and execute Create, Read, Update, Delete (CRUD)
functions. When making a request to certain URIs, a response is expected, so for a simpler
and more adequate use, considering the dominant language of this project being Javascript,
responses are returned using Javascript Object Notation (JSON).

3.3.2 ReactJS

Also known as React or React.js, is an open-source Javascript framework from Facebook that
aims to allow developers the possibility of building fast, simple and scalable User Interfaces.
React’s allows the production of stateful components, which are one of it’s most useful
features, alongside with the use of Javascript XML (JSX), Virtual Document Object Model
(DOM) and Redux. [35]

JSX extends JS syntax, allowing the introduction of rendering logic alongside with UI
logic, such as HyperText Markdown Language (HTML). This gives developers the possibility
to render components directly with JS values. [36]

This logical execution is also made possible due to stateful components. That is, compo-
nents are classes that implement a render method that returns what should be displayed to
the User Interface. Furthermore, each component has it’s own lifecycle methods and state,
which is an object where data can be stored and read inside that such component.

Whenever any of the state object values are modified, the render method is automatically
executed, automatically updating the browser’s Document Object Model (DOM). This moves
the complexity away from the developer and abstracts most of the repetitive tasks. [35]

React uses the Virtual DOM, an abstraction of the HTML DOM. This is a present in the
ReactDOM module. [35]

In order to ease the process of dealing with larger applications, where state is unmaintain-
able, the Redux library is many times used alongside React applications. Redux consists
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of the store as well as actions and reducers. Actions contain information about what
should be updated in the application state, alongside with the data necessary to make those
changes. Actions are dispatched in response to users interaction and are the triggers that
then send new data into reducers. These define how the appplication’s state will be changed
in response to the actions. The store is a JS object with special functions that holds the
application’s global state. [37]

3.3.3 MySQL

MySQL is a Database Management System that allows the definition, creation and control of
database accesses. MySQL is a relational database that stores data grouped by tables and
uses Structured Query Language (SQL) for communication with the database. This query
language provides powerful syntax for beginner users as well as experienced ones.

3.3.4 Django

Django is a web framework developed in Python, which has as main goal the fast develop-
ment of web applications.

Using this framework, it is possible to develop secure and easy to maintain web applica-
tions, taking into account that this framework removes much of the existing complexity in
implementing this type of systems. [38]

This framework has a series of extras that allow the developer to focus on other issues of
development beyond the most common tasks, which are then in charge of Django, such as
authentication, content management, RSS feeds, among others.

One of the points that seems to indicate why this framework is growing so fast is the
fact that it allows developers to work in Python, which is also one of the fastest growing
programming languages in recent years. This combined with the fact that all Django software
is open-source, means that users can be aware of the system they are working on.[39]
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T H E S I S P L A N

The ongoing dissertation is composed by six diverse phases, with different goals and distinct
motivations. During project’s delineation, several questions came up related to each of the
phases described below.

Phase I sets the beginning of the project but it’s also extended throughout the other phases,
as additional information obtained from scientific articles and available literature will be
used in order to improve document’s accuracy. This initial phase focus mainly on analyzing
previously developed Machine Learning algorithms and recommender systems, and its use
cases when applied to nutrition and healthcare systems.

During Phase II, platform requirements were obtained together with the social canteen
managers in order to better understand their current issues and prime necessities, as well as
recognizing the biggest faults of their previous systems.

Phase II was also extended throughout Phase III, while pre-dissertation was written,
requirements were analyzed in the purpose of bringing them closer to the needs presented.

After the writing of the pre-dissertation report, containing the bibliographical analysis
and the initial objectives of the project, the development (Phase IV) will begin, preceding
the test and production phases that will be carried out in Phase V. This dissertation will be
concluded with the writing of the final report, the starting point of which is this report.

4.1 phase i : state of the art

The development of a research project requires a scientific basis based on research articles
and related projects, and as such an in-depth analysis of the work previously developed, is
necessary. In this way it is possible to understand which production methods are the most
appropriate for the type of system to be built, following the scientific knowledge obtained
over time, both in books and in articles associated with the subject to be investigated.

In the case of this project, the studied articles are mostly related to machine learning
and learning algorithms, since these are the most used in recommendation systems, such
as the one intended to be developed. Besides the algorithms that may be implemented,

20



4.2. Phase II: Requirements Analysis 21

applications and projects related to the area in which it fits, namely nutrition and health
care, were also studied.

4.2 phase ii : requirements analysis

After the initial investigation, a survey and analysis of requirements was carried out. To this
end, meetings were held with the managers of the social canteen in order to understand
what the objective for this project was and what the main needs were.

In this way, it was possible to see what the crucial flaws in their current system are and
how it could be improved in order to achieve the intended goals.

4.3 phase iii : pre-dissertation report writing

This phase involves the writing of the pre-dissertation report, which should describe what
will be developed in the following phases, and also present the objectives of the project to be
carried out. This report will serve as the basis for the final thesis.

4.4 phase iv : solution development and implementation

During this phase, the project will be developed, taking into account the tools designated
for its production. This phase will count with the creation of the platform, and consequent
implementation of machine learning algorithms in it.

At this stage, the analyses and studies previously developed should be applied to develop
an application that meets the objectives initially outlined in an effective and efficient way.

4.5 phase v : solution test and integration

After completion of the project development, it should be tested for bugs and errors that
could compromise the integrity of the system.

During this testing phase, the system will also be implemented and tested with real
users, with the goal of finding new bugs and realizing changes necessary to the system’s
optimization in a real environment.

4.6 phase vi : dissertation report writing

The dissertation will be concluded with the documentation of the entire project carried
out in the phases previously described, as well as the justification for all the options taken
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throughout the process. The dissertation will be based on this report, with extra information
being added as the project development progresses and new knowledge is obtained.
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P R O B L E M U N D E R S TA N D I N G

5.1 introduction

The Vila Verde Social Canteen has a meal distribution service for the different divisions of
this institution. Thus, there are a large number of people whose daily meals depend on
their organization and preparation. In order to facilitate this process, the social canteen has
an internal system through which each department can make reservations for its patients
for each week, since the number of meals can vary due to the variation in the number of
patients in each department.

Even so, the system currently in place is extremely old and needs daily monitoring by
those responsible for each department, thus hindering the fluidity of the reservation process,
which can be very costly in monetary terms and in organizational terms, due to being a
laborious process and practically impossible to keep updated in real time.

Therefore, this project starts initially with the objective of being a support system for the
social canteen, and its main function is to improve the existing reservation system, removing
some of the work from the management of the social canteen in the organization of requests,
but also with the intention of adding some extra modules that can make the use of the
canteen more appealing, not only for the patients but also for the workers.

The most recent platform was already under development, although it was only in an
initial phase, which means it was necessary to add some modules that would be needed to
achieve the requirements initially presented by the social canteen.

In addition to the referred modules that would be necessary to manage the reservations
made by each department, the system would also have to include a meal planning module in
order to meet the nutritional requirements of each department, taking into account the needs
that each valency would have depending on whether its patients are younger or older.
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5.2 requirements

The initial requirements of the system are based on a series of proposals which, taking into
account the system currently in place in the social canteen, should be a complement to the
functionalities already existing, and to the system already previously developed.

Taking then as a basis the previously developed system, the essential functionalities to
add to it would be the following:

• Integration with the invoicing system: the invoicing system currently used by the
social canteen (Primavera) will allow invoices to be recorded directly from the web
app, thus making it possible to automate the meal payment and importation process.

• Management of facilities reservations: reservations are currently made manually,
with communication by email or messages between the managers of the facilities and
the person in charge of the social canteen, making this process complicated for the
person in charge of the canteen as they have to organise the messages they receive and
register them somewhere externally. The process of booking meals should be done by
each person in charge of each service automatically on the web page, without the need
for intervention by the person in charge of the social canteen.

• Patient evaluations on the website: patients should be able to evaluate the meals they
have consumed in the canteen, and in this way allow managers to get an idea of the
general opinion of each patient. The current process consists of distributing a sheet of
paper with a questionnaire to the patients, which is a time-consuming process for both
the patient and the person in charge. The evaluations will be recorded in a mobile
application to be developed in another project, and should then be viewable on the
website.

• Weekly meal plan: in order to make the process of creating the weekly menu more
practical, it should be possible to do it automatically, based on the patients.

• Personalised meals: the junction between this requirement and the previous one is
necessary, since in order for the generation of meal plans to be possible, it is necessary
to take into account the needs of each patient, and as such, it is necessary that the
generation process of the weekly plan be done taking into account this requirement,
otherwise it would be equally manual and time consuming, as it is nowadays.
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D ATA P R E PA R AT I O N

6.1 introduction

The first step in developing such a solution is obtaining the necessary data and processing it.
In this case, the relevant data was partly obtained directly from the social canteen, as they

already had a system in place with user data.
However, the vast majority of the data that would be fundamental for this solution was

not yet available, so it was necessary to generate a series of dummy values, which will also
be used in the system testing phase.

In this chapter, the steps to be taken to obtain these data are presented, as well as the
necessary handling of the data that will have to be done in order to store it in the desired
quality.

6.2 data collection

The data used for the development of this project were mainly complaints and reviews made
by patients about the meals taken, obtained directly through the institution with which
the project was carried out, namely Santa Casa da Misericórdia de Vila Verde, as well as
information regarding food products, having been collected from the National Institute of
Health, which has a list of foods together with their components and properties, and is
anually updated.

6.2.1 Wards

Data collection regarding the services in which this system would be implemented was
made directly with the elements responsible for the social canteen. In This way, information
was obtained regarding the people in charge of each wards, as well as the users present in
each wards.
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Obtaining data from the people in charge of the social canteen provides more accurate
information and does not require additional processing.

6.2.2 Users

As well as the data on the services, the data on users and staff was obtained directly from
the people in charge. Obtaining this information was, nevertheless, a simpler task since the
data of each user was already in the system in use in the social canteen, and therefore it was
only necessary to export these data to the new system.

The data obtained about the users corresponds only to personal information such as name,
age, among others, and no information was obtained regarding the health status and/or
diseases from which the users may suffer.

Although this extra data is not necessary for the first management modules of the system,
it was necessary for the meal recommendation modules, which means that in this sense it
was necessary to create dummy data.

6.2.3 Food

Unlike the data regarding users and skills, the process of obtaining the food was more
laborious, and it was necessary to obtain this information through the website of the Instituto
Nacional de Saúde (INSA), which has an API that contains information about a series of
foods, as well as their properties.

This way, it was possible to obtain the information about the food, together with its com-
position, unit of measure, among other information that would be crucial in the construction
of this system.

The API used returns the data in JSON format, and the information for each food is found
in different files, and as such, a process of reverse engineering was necessary to obtain the
data for all the necessary foods. The format of each JSON file is as follows:

1 {
2 ”matrixUnit ” : {
3 ” id ” : 20 ,

4 ”code” : ”W” ,

5 ” d e s c r i p t o r ” : ” per 100g ed i b l e por t i on ”

6 } ,
7 ” id ” : 2021 ,

8 ”name” : ”Robalo cru ” ,

9 ”nameEnglish” : ” Seabass , raw” ,

10 ” importSource ” : ” IS871” ,

11 ” foodCategoryLi s t ” : [
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12 {
13 ” id ” : 83 ,

14 ” ve r s i on ” : {
15 ” id ” : 2 ,

16 ”name” : ” imported data” ,

17 ” v e r s i onpub l i c ” : f a l s e

18 } ,
19 ” subCategor i e s ” : f a l s e ,

20 ”name” : ”Peixe ” ,

21 ” categorySynonymList ” : [

22 {
23 ” language ” : {
24 ” id ” : 184 ,

25 ”name” : ” Engl i sh ” ,

26 ”code” : ”en”

27 } ,
28 ” id ” : 83 ,

29 ”term” : ”Fish ( i n c l ud e s f i s h d i sh e s ) ”

30 }
31 ] ,

32 ” parent ” : {
33 ” id ” : 58 ,

34 ” ve r s i on ” : {
35 ” id ” : 2 ,

36 ”name” : ” imported data” ,

37 ” v e r s i onpub l i c ” : f a l s e

38 } ,
39 ” subCategor i e s ” : f a l s e ,

40 ”name” : ”Pescado ( Peixe , Moluscos e Crustaceos ) e Derivados ” ,

41 ” parent ” : nu l l

42 }
43 }
44 ] ,

45 ” componentValueList ” : [ ] ,

46 ” langualCodes ” : [ ] ,

47 ” foodpub l i c ” : t rue ,

48 ” ed ib l ePo r t i on ” : ”38%”,

49 ” foodEx2” : nu l l ,

50 ” s p e c i f i cG r a v i t y ” : nu l l

51 }
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In order to obtain all the necessary foods, a small tool was developed that allows obtaining
this data automatically by going through all the pages of the API. This way, the obtaining
process becomes automatic, and taking into account that this food database is periodically
updated, it is thus possible to obtain the food quickly whenever necessary, by simply
updating the local system’s database with the obtained data.

This tool developed using Elixir uses concurrency to be able to obtain the huge amount
of data available in the API practically instantaneously, thus having the data updated
permanently and without the need to overload the local system.

6.2.4 Meals

The dishes database was, like the users and services, imported directly from the system
previously used by the social canteen, thus being possible to use real data, allowing the tests
to be carried out on the system under construction to be as close to reality as possible.

Although it was still necessary to process the data received, this task became simpler, even
though it was necessary to add extra data for the system to be functional, since the amount
of existing data was small.

6.2.5 Diseases / Recommended Plates

Unlike the information described in the previous sections, there is no database or even an
organised list of data that makes an association between diseases or health conditions and
food.

It was therefore necessary to obtain all this information manually by reading many research
articles in this area, in other words, understand what the experts say about recommendations
for patients suffering from certain health conditions to eat.

The phase of obtaining this data was a lengthy process, due to the difficulty in finding
a large number of articles on this topic, and also due to the need to understand which
recommendations were given and the ”strength” of these recommendations, as this is such a
sensitive process, since an incorrect decision may endanger the health of a patient.

Even so, it was not possible to obtain complete dishes or meals associated with certain
diseases, but only foods that are recommended for those same diseases, and then it is
necessary to do further processing in order to transform the information obtained into what
is required for the proper functioning of the system.

For this stage, and bearing in mind that the purpose of the module using these data will,
at this stage, only be used as a proof of concept, the most common diseases currently in
Portugal were selected, and those in which food can be an important factor in the user’s
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state of health. Articles were analysed mainly respecting hypertension ([40–71]), obesity
([72–88]), diabetes ([89–98]), and anemia ([99–103]).

The data obtained was saved in csv files, which were organized in order to facilitate their
reading into the database or, if necessary, a preliminary treatment prior to their storage,
represented using structure on Fig. 2.

food Disease
nozes obesidade

nozes hipertensao

ovos diabetes

ovos obesidade

tomate hipertensao

.. ..

Figure 2: Diseases and respective recommended ingredients

6.3 data transformation and preparation

6.3.1 Data Normalization

The data normalization process consists in transforming the initial data so that they can be
more easily integrated with the developed system, avoiding data duplication and formatting
errors, thus allowing greater data integrity.

In this way, the data normalization process was carried out in order to transform the
data that had different values but that symbolized the same thing, being the most evident
example of this problem the case of existing values in plural and singular in different sources,
despite representing the same thing.

This process was carried out manually for each word obtained, and the words were
transformed to their singular.

6.3.2 Food Nutritional Data

Regarding the treatment of the food data obtained, the attributes that would not be necessary
in this system were removed, mainly attributes that would be used for internal identification
of the food in the API of the INSA.

Taking this into account, they were distributed among the Alergenico, Categoria Ingrediente,
Componente and Ingrediente tables, using the Unidade Medida and Unidade Porcao tables
as normalization tables for the units of measure and portions used, as well as the Ingredi-
ente Alergenico and Ingrediente Componente tables, which are used as auxiliary connection
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tables between ingredient-allergen and ingredient-component, respectively, thus allowing a
many-to-many relationship to be established between the various tables.

The attributes represented in the Alergénicos table are its name and its id. As for the
Componente table, the attributes used are the component id, its designation, the code (which
allows its identification in different systems) and the unit of measure used by this component
(a foreign key of reference to the Unidade Medida table is used). Regarding the Ingrediente
table, its name, the source from which the INSA imported this ingredient, its edible part, the
relative density, as well as the category of the ingredient and the serving unit are recorded,
the latter two being references to the auxiliary tables created.

6.3.3 User Data

The users’ data were introduced into the database in the User table, which would be
differentiated from the users associated with the Staff through the definition of their user
type.

As mentioned in the previous chapter, the data regarding the users’ health status was not
available during the development of this project, so a small dataset with dummy data for
the users was developed.

6.3.4 Diseases and Recommended Nutrients

The data on recommended diseases and nutrients went through a normalisation process as
described in the section above in order to convert all words into their respective singulars.
Subsequently, all words were transformed that all characters became lowercase letters.

In addition, normalisation was also performed with respect to special characters, such as
accented or language-specific characters (as is the case of the ç).

This process has made it possible to establish a greater integrity of the data obtained and
to limit the existence of duplicate information.
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S O L U T I O N D E V E L O P M E N T

7.1 introduction

In order to develop a solution that met the requirements presented, it was necessary to
understand what the necessary architecture for the system would be, bearing in mind that
the information would have to come from different systems with different objectives.

In addition, the information would have to be stored in a centralised way, so that the data
would always be synchronised without needing a constant communication between systems.

In this chapter there is a brief explanation of the decisions taken, followed by an explana-
tion of the system architecture, not only about why the system is structured in a certain way,
but also about the technologies chosen for each section of the solution to develop.

In the following sections, a detailed explanation will be presented about the modules
developed and how they will meet the proposed requirements.

The different algorithms to be implemented will also be explained, especially in the more
delicate situations, where it is necessary to develop more complex algorithms, that come
from the use of different technologies, after studying them.

To finish this chapter, the difficulties encountered during its development will be presented,
as well as the steps taken in order to overcome them, concluding with a brief conclusion
about what was perceived with this development as well as what can be done in the future
in order to improve this solution.

7.2 decisions taken

The initial architecture of the project consists of the back-end composed of a Rest API devel-
oped in NodeJS (Javascript) and another in Django (Python), and the front-end composed of
a web page and a mobile application.

The web page will serve as a dashboard, from which the people in charge of the social
center will manage the entire system, which is composed of the reservations of the users
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and services, as well as all the properties of the food inserted into the system, and where
they can also insert new menus and even new foods.

This dashboard can be accessed by elements responsible for the social canteen, but also by
other elements, and will have an authentication system, thus limiting the access that each
user has to the different modules.

In the case of the REST APIs developed, it was initially produced the NodeJS server that
connects to the MySQL database, where all the data to be used in this system is stored. This
API provides the frontend with the users, the food and its nutritional information, menus,
reservations and other details that may be needed for the system to work.

In addition, the need arose to develop an API in Django that allows the generation
of weekly meal plans based on the nutritional needs of each user. With this focus, the
development of a new API was necessary since the use of Machine Learning (ML) algorithms
forced this to happen, considering that it would be much more complicated to develop
this system using Javascript. This server is connected to the same MySQL database, thus
allowing the data to be kept synchronized without the need to register it in more than one
place simultaneously, which offers greater efficiency in terms of system stability.

7.3 solution architecture

In order to continue the development of this solution, the tools currently in use were analysed
with the objective of understanding which would be the most suitable methodologies for the
development of a platform that would be easy to use, easy to integrate with other systems
- since there was a possibility of the need for integration between this platform and the
canteen’s invoicing systems - and also scalable, in case it was necessary to add new modules
as the social canteen grew. As tecnologias utilizadas foram as seguintes:

• Frontend: React. The use of ReactJS for the development of the system’s interface was
the most obvious choice, taking into account that the system previously developed was
already done using this framework, which means that it made all the logic to continue
the system’s development with what was already being used, especially considering
the need to implement functionalities in a short period of time, therefore not being
necessary to develop the whole system from scratch.

• Backend: NodeJS. As in the case of the choice of technology to be used in the frontend,
in the backend the choice fell on what was already in use in the previously developed
system. Even though it was anticipated that it would be necessary to change the way
some of the themes were addressed in the existing solution, it would not be necessary
to redesign the system from zero, simply by making the necessary changes so that the
new functionalities would be in line with what had already been developed.
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• Database: MySQL. Being this the most used database management service nowadays,
and taking into account the previous knowledge of SQL, MySQL was used mainly
due to the simplicity in which it can be integrated with the tools in use, in this case
NodeJS.

• Recommendation API: Django. For the development of the recommendation API, the
Django framework was used. Taking into account the knowledge previously obtained
in Python, and as such the knowledge that there would be several libraries that could
make the development of the recommendation algorithms a less complex process, it
was decided that Django would be the most appropriate for this section of the system.
Furthermore, it would be necessary to establish a separation between the remaining
modules and this recommendation module, since it could apply more pressure on the
machine where it would be executed, and as such it might have to be executed in a
separate system.

The interface communicates directly with the REST web server, which was developed
using NodeJS together with the ExpressJS framework, which allows a project to be created
from scratch already having a base structure, thereby allowing faster progress in the initial
phase of the project. In addition to this framework, the PassportJS middleware was also
used to manage authentication, as well as the use of JWT (JSON Web Tokens) to maintain
the security of the endpoints, and allow blocking access of each route only to authorized
users.

Figure 3: Solution Architecture
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7.4 solution modules

For the development of the system, it was important to separate it into different modules,
since each section of the project served different objectives, and in this way it would be desir-
able to obtain a better organization of the structure, also allowing different functionalities to
be added as it was crucial to expand what had been already developed, unlike the existing
project in the social canteen, which had been developed with one aim in mind, and thus
made adding new functionalities quite complex.

Furthermore, the division of a system like this into different modules has numerous
advantages, being simpler to manage, since each functionality is in its own module and it
would be possible to activate or deactivate functionalities whenever necessary or whenever
they compromise the structure in some way.

Due to the need to allow other programmers to take part in the project as soon as necessary,
this system facilitates their integration, and it is even possible, if necessary, for each person
to work on their respective functionality without compromising the code developed by the
others.

This system also allows the reuse of code, or even its portability to other distinct projects,
making it readily adaptable to the needs of each system.

For the development of the modules, the system requirements imposed by the social
canteen were analysed profoundly and, from these, the following modules were created:

• Meal Management

• Meal Plan

• Section/Ward Management

• Reservation Management

• Meal Recommendation

• Weekly Meal Plan Generation

7.4.1 Food Management and Meal Plans

The basic module of this system is the management of meals that can be prepared in the
social canteen. This module is made up of Ingredients, Components, Preparations and
Dishes.

The components are the lowest element of this set, and can be represented in various units
of measurement, such as grams, kilos or litres.



7.4. Solution Modules 37

The ingredients have the various components associated with them, which indicate their
nutritional data, such as the amount of calories, protein, carbohydrate, sugar, fibre, iron,
among many others.

On top of these elements are the preparations. They make it easier for the members of
the social canteen to enter the data so that there is no repetition of data. Preparations are
made up of ingredients, and some examples of these are dry rice, fried potatoes or even fish
fillets. A set of preparations constitutes a dish, so it is possible to create several dishes with
variations of preparations.

The dishes have several characteristics that aim to improve their organisation within the
system, such as the season to which the dish belongs, which can be summer or winter, with
lighter and heavier dishes, respectively.

In addition, each dish can also be identified by its type, which can be breakfast, salad,
dessert, main course or soup. Within these types, there are sub-types such as sultana soup,
reinforced soup or normal soup, which allow the dish to be further customised to the user’s
needs.

The planning of weekly meals is, as described in the next section, a very time-consuming
task since it is, in the system currently in force, done in a repetitive way in which it is
necessary to manually enter all the dishes that will be made for all the meals of each day
of the week. As such, a module was developed to associate each meal with the dishes
previously registered, thus allowing this process to be simplified, since the dishes are created
and it is only necessary to select them.

7.4.2 Section/Ward Management

Besides the weekly meal planning, it is necessary to divide the meals for each of the services,
based on the users attending the canteen.

In this sense, a module was developed that intends to simplify this management, and
it is possible to register users responsible for each service so that this process is done in a
decentralised way, thus allowing that in the canteen it is only necessary to identify the needs
of each service and plan the meals accordingly.

7.4.3 Reservation Management

Based on the requirements presented by those responsible for the project, it would be
necessary to develop a module aimed at managing reservations, so that the staff of the social
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canteen could have greater control regarding the quantity of meals to be prepared each day
of the week.

As such, it would be necessary that the different responsible persons of each ward had the
possibility to access the web page and register the quantity of users that would be available
for lunch in each one of the days, thus establishing a reservation of meals for the users over
which they have responsibility.

In this way, it would be possible to meet the need that they had initially presented, in
which they showed their concern about the number of users being quite variable throughout
the weeks, and as such a constant communication between the various wards and the central
point of information (which would be the social canteen) would be necessary.

This module may later be expanded in order to allow reservations to be made directly by
the users, allowing the work of those responsible for each service to be more efficient.

Figure 4: Creating a reservation as a ward staff

Reservations are managed on a weekly basis, but can still be booked up to a week in
advance, allowing for better organisation by those wards that prefer it.

Figure 5: Reservations List

Reservations can have different statuses, such as ”Confirmed”, ”Cancelled” or ”Pending”.
In this way it is possible to register reservations on a certain day of the week and then cancel
them, either by the responsible member of the service that created it, or by a responsible
member of the social canteen. This is important because cancellations or changes may occur
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in various ways, whether because the booking was made too close to the time of the meal,
or for reasons of lack of availability by the social canteen.

7.4.4 Meal Recommendation

Taking into account the need to produce, on a weekly basis, a meal plan adjusted to the
needs of each facility, and mainly due to the fact that this is a very laborious process and
whose responsibility would have to be entirely on the part of the social canteen, it would be
necessary to produce a mechanism to automate this process.

Initially, each facility collects the needs of each of its patients, and makes a reservation
with the social canteen, taking into account the nutritional needs of each patient, and also
taking into account the age group of each of them. In addition, it is also necessary to take
into account the type of food that each patient can have, which can be only liquid dishes,
porridge, soups, among others...

Afterwards, the social canteen lists the requests made by the institution with the reser-
vations made by the usual users of the social canteen, i.e., those who go to the canteen for
lunch on a daily basis.

The number of meals varies greatly, and since it is necessary to carefully analyze the
nutritional requirements of each meal, the process of creating the food plan for each week
becomes a very time-consuming and repetitive task.

With this in mind, a module was created with the goal of automatically generating meal
plans for each ward of the social center.

Despite the existence of the various modules mentioned above, the process of identify-
ing the users, in order to understand the individual needs of each one is still very time
consuming, since it is necessary to produce a food plan that meets the needs of each user
individually, and for that it is necessary to analyse every week which users can eat certain
foods, and which shouldn’t.

With this in mind, a module was developed that still functions as a proof of concept, due
to the inherent risks in generating food plans for such a large number of people.

This module uses an Machine Learning (ML) algorithm that is based on the nutritional
requirements of each patient, as well as their age and palliative needs, thus generating a list
of dishes that are most appropriate for this user.

Algorithm

Based on the needs presented at the beginning of the project, and also based on the needs
that emerged as the project was being developed, the system would have to be able to obtain
a specialized food plan, based on the needs of each user, and in addition, it would also have
to be able to do so in a way adapted to the constant changes that would be subject, whether
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they be the introduction of new foods, new dishes or even the entry or exit of some of the
users in the system.

Apart from these requirements, it would be necessary to take into consideration the
amount of data existing in the current system, since the dataset of users is reduced, and the
amount of dishes inserted into the system is also reduced, so it would be imperative that the
algorithm to be used was efficient for a low amount of data.

In an initial reading, the approach regarding the ML algorithm was studied. As the
algorithm to be developed would be based on previously labelled data, namely data related
to the existing relationship between diseases and food. In other words, the objective of the
algorithm to be developed would be to collect the previously classified information and from
this, classify new information with the intention of predicting the outcome to be obtained.

After the study carried out, it was possible to realize that due to the low quantity of existing
information about this topic, it would be complex to use non-supervised algorithms, since it
would be complicated to find sufficiently defined patterns in the obtained information, so
that a decision could be taken.

Although it was necessary to exercise a process of classification of the previous data, this
process was largely facilitated due to the existing data in the social canteen, which although
not abundant, was well defined and divided. In addition, supervised algorithms tend to be
more accurate, which is an important parameter in this situation, since we are dealing with
patient feeding, which is an extremely delicate issue.

After having defined that a supervision algorithm would be used, it was necessary to
define what type of task would be performed by the algorithm: Classification or Regression.
As previously described, the aim of the system to be developed would be to obtain foods
and dishes that could be appropriate for certain users, meaning that the problem consisted
of assigning the dishes and foods to certain diseases or conditions, defining where each
patient belongs and making the relationship between these two problems.

In this way, the algorithm would have to return a discrete value that represented the
accuracy with which the classification was carried out, mapping between the user and the
food that may be suitable for them. A regression algorithm would be used if it was necessary
to predict a continuous value, which belongs to a domain not previously determined. In
this way, the analysis of the results that would need to be obtained for the system to work
determined that the value would have to be discrete. The algorithm would have to return
something within the parameters of a ”you can eat this dish” or ”you cannot eat this dish”
when introduced a user and a list of possible dishes.

The implemented model made use of the K Nearest Neighbour (KNN) algorithm. This is a
simple ML algorithm that stores previously received data and tries to find a defined number
of samples close to it. The main point of KNN is that it allows the number of samples to be
set using a user-defined constant.
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This algorithm is instance-based, meaning that no internal model development is initially
done that would later be used for sample classification. On the contrary, instances of the
initial data are stored. In this way, the training phase is non-existent, or practically non-
existent. This also means that all the training data must necessarily be used in the thesis
phase which makes this process more time consuming and heavier in terms of memory
required.

The algorithm to be used, KNN, is executed based on the value chosen for the constant k.
The search for the value of this constant is the main step in the creation of this algorithm and
is what will define whether the algorithm is efficient and has a good relationship between
the results obtained and the expenditure of time and memory.

Figure 6: K-Nearest Neighbors example

When the number of classes in the system is 2, the value of k must be odd in order to
obtain a value that is majority. Following the example of Figure 6, and with k = 5, the
selection would fall on the green circles, since among the 5 selected instances, the majority is
green.

Bearing in mind that this situation also occurs with a larger number of classes, a possibility
that allows solving some of the problems that arise from it, and even allows obtaining values
of k that might not allow finding a valid solution, would be to assign weights to the different
neighbours, depending on the distance to which they are located. In this way, the closest
instances will have a greater weight than the more distant instances.

Taking this into account, the value of k should be altered with the objective of obtaining
the greatest balance between precision and computational cost, always bearing in mind that
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an increase in precision always entails a greater computational cost, and a greater delay in
finding the solution.

The decision to select the KNN has some advantages as well as disadvantages. The
simplicity of the implementation is a point in favour of this choice, as well as the flexibility
regarding the amount of features allowed.

Furthermore, the need to keep the algorithm updated and trained with the introduction
of new classes is a fundamental point in favour of the KNN, since an algorithm that had
to be pre-trained would cause problems in the long term, due to the need to re-train every
time new data arises regarding which foods are recommended for certain health conditions,
mainly due to the process in which this type of research is carried out, and which means
that presently confirmed perceptions may not be the most appropriate in the near future.

The selection of this algorithm also brings adverse elements. The need to have to determine
the value of the constant k is a time-consuming step, as described in the previous point, due
to the need to balance computational cost with accuracy.

Even so, and regardless of the value of k, the computational cost of using this algorithm
is always higher than other algorithms with pre-training, since this way, it is necessary to
perform the calculation of the distance between the points in all queries performed, since
this is, as described, an instance based algorithm that does not require a training phase.

The quality of the data is an important and decisive parameter in the quality of the results
obtained when this algorithm is used. In this case, even though the amount of data is
smaller, it is necessary to confirm that the data obtained has all the necessary parameters to
create the representative axis. The speed is also one of the disadvantages of this algorithm
when working with large amounts of data, which turns out not to be so unfavourable in this
situation, because absurd amounts of information are not used in this case.

The developed algorithm goes through a data processing process, which generally consists
of reading the data and respective treatment, and then the recommendation is made based
on the processed data.

Processing

Data processing consists of reading a View of meals. This view allows obtaining a list of
all the meals in a consistent way, taking into account that this query can remain the same
regardless of the original tables from which the data is obtained. In other words, if in the
future it is necessary to change any of the original tables, it won’t be necessary to change
the code, just update the view.

In the query for reading the meals, a list of the ingredients associated to each dish is also
returned, together with the id of each ingredient. The reading of the necessary names is
necessary to compare with the ingredients associated to the needs of each disease, while the
ids are also necessary for the subsequent import of each associated nutrient.
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In this way, after a correct reading of the meals in the database, a reading is made of the
main nutrients in each of them.

After this process, it is necessary to understand which nutrients are recommended for each
disease. It is essential to process the list of ingredients in each meal in order to standardise
the ingredients obtained.

de — a — à — o — que — e — do — da — em — um — com

Figure 7: List of stop words (in Portuguese)

In other words, a dish with a list of ingredients with stop words or word connectors
must be rewritten so that only the words referring to the ingredients are saved. Apart from
the stop words, all other elements which may affect the reading of the sentence, such as
parentheses, full stops, commas, etc., are also removed.

Before Normalization After Normalization
Costeleta grelhada com arroz e batata frita costeleta grelhada arroz batata frita

Filetes de Peixe (com arroz e batata frita) filetes peixe arroz batata frita

Figure 8: Example of ingredients normalization

The processing of the collected data is fundamental for the data to be read from the
database in a consistent and bullet-proof manner, so that any fault that may exist in the
introduction of the data into the database is identified in the reading of the latter, and allows
system failures to be avoided.

After the processing of the meals is completed, a dataframe is returned with a rela-
tionship between the foods and the diseases and/or health conditions for which they are
recommended.

In addition to the data regarding the diseases, data obtained through the evaluations
module, developed by a colleague for another dissertation, also in partnership with the
social canteen, are also used, with which the users can carry out evaluations about the meals,
thus allowing to have another point of analysis, which is important to provide more precise
recommendations to the users. In this way, and since this system is not yet in use, dummy
data were generated to the database, and through a view these are loaded in the processing
phase, along with the data associated with the users.

Recommendation

The recommendation process consists of obtaining the profile of the user for whom the
recommendation will be made. For this step, the user’s profile must contain a series of
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requirements that will be essential for the conclusion of this recommendation, such as the
diet they are following, whether or not they are vegetarian or have some type of dietary
restriction, as well as the diseases or health conditions they suffer from.

For the recommendation functions, the sklearn library is used, as it has a series of models
and functions previously developed in order to facilitate the process of generation and use
of KNearest Neighbors.

In addition to the profile of the user for whom the recommendation is to be obtained, it is
also important to have a list of profiles for the other users. This list will be used to obtain
data based on the other users of the system. Only in this way will it be possible to obtain
valid results from the first moment the system is used.

This derives from the ”cold start problem”, where the small amount of parameterized
data, in this case represented by the user’s recent activity and their tastes, could mean that
users will receive recommendations for dishes they do not like.

In this sense, the first step performed by the recommendation algorithm is to obtain a
user-based recommendation, in order to exclude from the outset dishes that users with the
same attributes as this one cannot eat, either due to dietary restrictions or health restrictions.

For the execution of this process, the features of the dataframe representative of the data
regarding each user’s profile are obtained.

The features are represented by the columns in this dataframe, and will be used later
to position the users on the axis, as described in the explanation above regarding how the
algorithm works.

With this in mind, the features to be obtained are the diseases/health conditions from
which the user suffers and their dietary restriction. The dataframe obtained is similar to the
example represented in the Figure 9.

calcium carbohydrates chloride fiber iron vegan diet ...

0 0 0 1 0 0 ...

1 0 0 1 0 0 ...

2 0 0 0 0 0 ...

3 0 0 0 0 0 ...

4 0 0 0 0 0 ...

Figure 9: Example of Features Dataframe

Afterwards, it is necessary to find the neighbouring elements, which contain features
similar to those of the user. This step will generate a dataframe that contains the values 1 or
0 associated to each column that each user has equal to the base user or not, respectively.

After the dataframe is created, the model with k neighbours is then created, and the
”training phase” begins, that although this is not a training phase as it is usually done, it
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is used to create data structures with the objective of maintaining the training dataset in a
more organized way.

This process of searching for nearest neighbours can be a time consuming operation with
larger datasets, and as such it may be necessary to optimise this phase. This is why the fit()
function of the model is normally used so that the computational process does not have
to be repeated for each instance, but can be performed once at this initial stage, and then
reused. This function is also used to normalise the information and transform the data
according to the sklearn API.

Subsequently, the nearest neighbours are obtained, returning a dataframe like the one
represented in Figure 10.

id user Veg Non nutriente diseases dieta
8 non-veg potássio anemia obesidade colesterol geral
1 non-veg potássio colesterol high fiber diet geral
3 veg sodium obesidade alkaline diet
2 veg protein hipertensao gluten free diet
5 veg vitamin a anemia high protien diet

Figure 10: Similar Users result dataframe

Once the process of obtaining similar users is concluded, it is necessary to understand
which dishes they like.

At this point, the duplicate values are removed and the filtering of the dataframe obtained
is carried out in order to keep only the columns necessary for the following steps.

These columns are the id of the dish, the name, the nutrient in greater quantity in this
dish, the time of the year to which it has been associated and its ingredients.

The dish id is fundamental in this list, as it will be used later to remove duplicate dishes
when joining the various dataframes obtained from the different types of recommendation.
The nutrient in greater quantity can be used if you want to change the API in order to
filter with more context, in other words, it may be important to obtain dishes with a higher
percentage of a certain nutrient.

Regarding the time of year, this is one of the attributes associated to the dish when it is
created, and it intends to separate the dishes by seasons of the year but not only, taking into
account that, for example, the tendency is to have lighter meals in the summer and heavier
ones in the winter. Even so, this parameter can always be adjusted according to the needs of
the social canteen, and it is possible to add other values such as Christmas season, among
others.

Finally, the value for ingredients returns the list of ingredients in its original form, before
going through the normalisation process.
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id prato nome nutriente epoca ingredientes
6 costeleta grelhada com arro... energia inverno arroz cozido, batata frita cas...
8 filetes de peixe com arro... energia verão arroz cozido, batata frita cas...
9 paella energia verão arroz com refogado, camarão...
10 arroz à valenciana energia verão arroz à valenciana

Figure 11: Recommended meals result (after filter)

Once the dataframe corresponding to the recommended values based on the other users
was obtained, it was necessary to obtain the data based on the recent activity of the user.

For this recommendation process, the module of evaluations described in the processing
phase is used.

Initially, data regarding the recent activity of the user are obtained. From this recent
activity, it is necessary to import, for each dish evaluated, the nutrient in greater quantity,
the season, its ingredients, and the diet in which it is found.

Subsequently, a list is created with all the features obtained from these dataframes.
The next step, as in the process of obtaining neighbours based on other users, is to run

the K-Nearest Neighbour algorithm with the developed dataframe.
With this algorithm it is again possible to find the dishes closest to the user on the

Cartesian axis, that is, which dishes are most similar to the user’s tastes, which in this case
is the canteen user.

Once the recommended dishes have been obtained, the same filtering is performed as for
the user-based recommendation, leaving the resulting dataset with columns representing
the dish id, the name, the nutrient in greatest quantity in the dish, the time of year to which
it is associated and its ingredients.

The next process consists of concatenating the dataframes obtained, removing duplicate
values and resetting the indicators in this list.
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id prato nome nutriente epoca ingredientes

6 costeleta grelhada com... energia inverno arroz cozido simples, batata fr...

8 filetes de peixe com... energia verão arroz cozido simples, batata fr...

9 paella energia verão arroz com refogado, camarã...

10 arroz à valenciana energia verão arroz à valenciana

11 caldo verde sal inverno sopa, caldo verde

12 tarte de maçã energia verão tarte de maçã

5 costeleta grelhada com arroz energia inverno arroz cozido simples, borr...

13 ameijoas à bulhão pato energia inverno amêijoas à bulhão pato

Figure 12: Recommended meals result (after filter)

This way, and having all the unique dishes obtained, it is possible to obtain their ids, being
able to advance to the next phase, which consists of distributing the obtained meals by the
several days of the week.

7.4.5 Weekly Meal Plan Generation

To enable the weekly organisation of menus, a module was developed using Linear Pro-
gramming (LP) that distributes the recommended meals throughout the week, according
to the caloric needs and dietary requirements of the users, such as the obligation to have
breakfast, lunch and dinner every day.

In this way, the recommended meals for each user are generated using the previously
mentioned module (Meal Recommendation), followed by their distribution for each day
of the week. The current module can work independently, although it allows for greater
efficiency when used in conjunction with the recommendation module.

In this step, it is essential to obtain the necessary data, not only regarding the meals but
also the foods that compose them, since the objective of this process is to distribute the
protein and calorie cost of each meal throughout the week, that is, it is mandatory to have
all the data available regarding meals and foods.

Subsequently, the functions in which the information is processed were defined, in which
case the caloric and protein needs of the user for whom the meals are to be obtained are
obtained. Besides these needs, it is also possible to change the number of meals that the
user must consume daily, since this value can vary according to the diet and needs of each
person.

The meals are separated according to their characteristics, which may correspond to
soup, breakfast, dessert or main course (besides the already defined ”main courses”, salads
will also be inserted in this category). This separation process makes it possible to create
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complete meals, and to avoid that needs are only met through unusual variations, such as
the consumption of multiple main courses in the same meal. Only using this separation
by category allows the creation of the restrictions that make the meal distribution process
possible.

Constraints

In the context of linear programming, it was defined that the objective of the function is
to maximise the number of calories, taking into account that it is always intended that the
calorie needs of the user are achieved daily.

In relation to the restrictions, it is intended that the number of daily calories be between
the values defined for the selected user and it is intended to have an exact number of soups,
main dishes and desserts each day, and this number can be defined for each user.

Algorithm

Solving the problem that aims to obtain the food distribution is one of the most time con-
suming stages of this recommendation process, and as such two algorithms were developed
that have the same basis and aim to return similar results but use different Python libraries.
The first algorithm developed uses pywraplp and the second algorithm developed uses the
pulp library.

Both algorithms start from the same basic principle of linear programming. Initially the
objective function is established and what is to be achieved. Afterwards the constraints are
registered, and finally the solver is run, which executes the function with the objective of
understanding which values can be used for the variables that you want to achieve.

In this situation, the solver was executed for each day, and the food restrictions are defined
for each day, that is, the algorithm is executed for the 7 days of each week, and the meals
obtained each day are registered, in order to avoid repeating meals in the same week.
Besides, a randomness factor is assigned to each day, in order to avoid that the result is the
same every week, and taking into account that the algorithm aims to find the optimal value
of the problem, this would always be the same if all constraints and constants were the same.

In the case of the algorithm developed using pywraplp, on each day the constraints are
defined using an object with the format {’Prato Principal’: 2, ’Sopa’: 2, ’Sobremesa’: 1}.
Based on this constraint, X possibilities of meals are generated. The Solver is then created,
along with the necessary constraints for the user.

With this in mind, a value representing the quality of the data obtained is generated,
meaning how far the calories and protein obtained in the combination of dishes generated
are from the objectives that are intended to be achieved. This value is associated with each
solution. In this algorithm, the linear programming problem is used with the intent of



7.4. Solution Modules 49

minimizing the obtained value, taking into account that this value is the existing error in the
presented solution.

This list that contains all the solutions is then sorted with the intuition of obtaining only
the solutions with the smallest error, removing the excess and keeping the most adequate
results for that particular day.

A list is developed with the weights of each solution, where the solutions with the
highest weights have more possibilities of being used. This way it is possible to increase the
randomness of the algorithm, but still maintaining its accuracy. The function choices() from
the random library allows a random result to be obtained when the list of solutions and the
weight of each of these solutions is presented.

[0.019801980198019802, 0.019603960396039604, 0.019405940594059406,

0.019207920792079208, 0.01900990099009901, 0.01881188118811881,

0.018613861386138613, 0.018415841584158415, 0.018217821782178217,

0.01801980198019802, 0.01782178217821782, 0.017623762376237622,

0.017425742574257427, 0.01722772277227723, ...]

This implementation with pywraplp is executed once for each day of the week. Still, it is
possible to reduce the execution time of this implementation by making use of the function
choices() to distribute the solutions by the days of the week, since the function allows passing
a value k that represents the number of results that is intended to be obtained.

Even so, this possibility became unfeasible due to the need to remove the previously
selected dishes, which using the choices() function would not be possible.

In the case of the algorithm developed using pulp, on each day the necessary constraints
are defined, as in the implementation of pywraplp.

The implementation of the two algorithms is similar, but the difference lies essentially
in the objective selected when using purp. While in the previous implementation an error
margin that each solution presents in relation to the intended objectives is calculated, and
the objective of the function is to find the solution with the minimum value for that variable,
in this case the objective of the function is to find the solution in which the sum of calories
of all the meals is maximum, within the imposed restrictions.

In other words, this guarantees that the solution corresponds to the user’s needs in terms
of the number of calories required.

Using purp, a loop is executed for each day of the week, and the dishes are inserted in the
correct category (Main dish, soup, dessert, breakfast), and if a dish has already been selected
for a day of the same week, it is not inserted in any category, being ignored.

The solver is then created with the objective function, which in this case is the maximiza-
tion of the number of calories, and the respective restrictions. Below you can see an example
of the restrictions that are inserted in the solver of purp.
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C1: 85 ∗ idMeal1 + 11 ∗ 1idMeal0 + 89 ∗ idMeal3 + 27 ∗ idMeal5 + 50 ∗ idMeal6 + 65 ∗
idMeal8 + 442 ∗ idMeal9 >= minCalories

C2: 85 ∗ idMeal1 + 11 ∗ 1idMeal0 + 89 ∗ idMeal3 + 27 ∗ idMeal5 + 50 ∗ idMeal6 + 65 ∗
idMeal8 + 442 ∗ idMeal9 <= maxCalories

C3: count(idMealDessert) = 1
C4: count(idMealX)+ count(idMealX)+ count(idMealX)+ count(idMealX)+ count(idMealX)+

count(idMealX) <= 2
C5: count(idMealSoup) = 2
C6: count(idMealBreak f ast) = 1

The C1 constraint indicates that the sum of the calories of the selected meals must be
greater than the value used for the minimum calories, while the C2 constraint indicates that
this same sum must be less than the maximum calories defined.

On the other hand, the C3, C5 and C6 restrictions are restrictions that are used to ensure
that dessert, soup, and breakfast are used exactly once, twice and once respectively, while
the C4 restriction represents that the number of main meals in the same day must not
exceed two.

The big difference in the implementation using the pywraplp, is that if there is a solution
where the sum of the calories of the meals is at the lower edge of the constraint, or the sum
of the calories is extremely low but just above the minimum limit, and there is another more
suitable solution with a higher sum, but that sum is further away from the maximum limit
(the preferential limit), then the selected solution would be the incorrect one, which does not
happen in this implementation with the purp.

In addition to this difference, the execution of the algorithm with the purp is faster, because
it does not require that the weight of all solutions be calculated in its execution.

The results were developed and normalised so that the requests to the API are returned
with the same structure, this way it is possible to test the results obtained with the different
algorithms and the different implementations of them.

7.5 test case development

As a way to demonstrate the development of this recommendation solution, the previously
developed dummy data that is used as the basis for this current system will be used.

It is fundamental to take into account that this data will be later removed and replaced by
real data (when available), and that if there are no real cases, only data directly related to
meals will be used.

In addition to this, and this being a proof of concept, it is also important to take into
consideration that this system should not be used in real environments, mainly due to the
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lack of tests carried out regarding the links between dishes and diseases, as this is a process
that may require a much larger amount of data if sufficiently accurate results are to be
obtained in a high risk environment, such as that of meal generation for users with enhanced
healthcare.

Once the example user, represented in Figure 13, has been chosen, it is possible to
understand the diseases this user may have, the dietary restrictions and their diet.

idUser food restrictions diseases diet
8 geral anemia obesidade colesterol geral

Figure 13: Example of Features Dataframe

With this base, and making the request to the recommendation API for this user’s
recommendations, the JSON object with the following structure is returned:

1 {
2 ”meals ” : [

3 { ” prato ” : 11 , ” quantidade ” : 2 } ,
4 { ” prato ” : 6 , ” quantidade ” : 1 } ,
5 { ” prato ” : 8 , ” quantidade ” : 1 } ,
6 { ” prato ” : 15 , ” quantidade ” : 3 }
7 ] ,

8 ( . . . )

9 }

This list of meals obtained represents Caldo Verde (11), Costeleta grelhada com com arroz
e batata frita (6), Filetes de peixe com arroz e batata frita (8) e Papas de Aveia (15).

So that the results could be viewed directly through the web application, a recommen-
dations page was introduced, through which managers can view the recommendations
obtained for a particular week for the user they select.

7.6 results discussion

The results obtained confirm what was already expected, namely that it is necessary to take
into account that the recommendation module of this system is for now only a proof of
concept, bearing in mind that the margin of error is still too high for what is one of the bases
of health, which is food, especially in patients who may be in a fragile state of health and
may need extra health care.
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Figure 14: User Recommendation Example on Web App

Despite the results obtained indicating that the calorie and protein level restrictions are
met, it would also be necessary to take into account the remaining macro- and micro-
nutritional values, considering the need for a balanced diet, which means that it would also
be necessary to take into account the remaining nutrients.

In addition, the categorization and distribution of dishes throughout the day may not be
the most appropriate according to the results obtained, since some of the restrictions were
not met in some of the results, such as the need to have exactly two main dishes, which did
not happen in some of the situations in which the algorithm associated only one or even
more than two main dishes for the same day.

Even so, it is also important to take into account that the distribution of meals over several
weeks may be a process made difficult by the small number of dishes in the system, and
by the fact that some of the dishes inserted are not used by the social canteen and as such
may not correspond correctly to the existing one. Thus, the components in each of these
dishes may not correspond to those used and so the total value of the nutrients may not be
as expected. In other words, the existence of incorrect components, or lack of them, in each
of the dishes created may be the basis of the results obtained, since the final calculations
may be compromised by the total calories or proteins in each dish.

Still, the results are demonstrative of a solution with a future, which needs some improve-
ments but that with the increase of the existing data could be taken into consideration as an
adequate solution for the indicated requirements, or even could be currently implemented to
serve as a basis or inspiration in the choice of the weekly meal plan for each of the wards.
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M A I N D I F F I C U LT I E S

8.1 project management

The necessary requirements for the project were not defined from the beginning of the
development, and it was a long process, due to the difficulty of communication with the
entity for which the system was intended to be developed.

In this way, the initial development of the project ended up being delayed and with that
all the steps and objectives initially defined ended up not being fulfilled in the foreseen
dates.

This situation allied to the existence of a pandemic, which required that all the work
was done from home made it even more difficult to understand what would be necessary
for this system, especially taking into account that the communication was made with
those responsible for a hospital/health centre, and as such would have reduced availability
considering the circumstances encountered.

Furthermore, the requirements presented were always dubious, and some of the needs
initially presented as essential ended up being denied, especially considering that the data
necessary for the development of some of these functionalities were not made available by
the entity, as is the case of the integration between the web page and the invoicing program.

8.2 available data

The main problem in developing this solution was to obtain structured and updated data
that could be used for the correct functioning of the system. The search for this information
always became complicated and time-consuming, and the final decision fell on the develop-
ment of a dataset, created by joining information obtained from various sources, and that
would be used in the development of the system.

The production of this dataset was an extremely time consuming process, taking more
time than expected to develop it, so it was necessary to try to obtain this information in a
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more automatic and less laborious way, but it was only in this way that it was possible to
develop the desired algorithm.

Therefore, this list of data was obtained in a somewhat rudimentary and manual way,
thus making the process of maintaining and updating this data quite complex.

In addition to the data used for the development of the algorithm, it was also complicated
to obtain the data relating to the recipes used by the social canteen, and, as described, it was
necessary to generate some recipes from the existing ones so that the system could be tested
outside the production environment. This was mainly due to the way the data was stored in
the system in place in the social canteen, where it was quite complicated to access it.
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C O N C L U S I O N A N D F U T U R E W O R K

With the evolution of technology, its use linked to health systems is in an upward phase.
When applied in this area, information technology systems can improve the well-being
and health of the users of these establishments. In addition, machine learning algorithms
have also been increasingly used in this type of systems, namely in the production of
recommendation systems that can be used in decision support.

In this way, and considering what was described above, this dissertation project arose
from a partnership between Universidade do Minho and the Vila Verde Social Canteen.

This project starts from the need to automate the process of generating meals in the
canteen and the social kitchen. After an analysis and study of the existing projects and
algorithms, it was possible to outline which strategy to follow in order to produce a platform
that allows planning the meals of the users based on their nutritional needs and preferences.

The next step of this dissertation is to develop this system and implement it in the social
canteen, applying the knowledge obtained throughout the project.

The future work that could be implemented in this solution lies in a series of procedures
that can be used to improve the way data is obtained and used, and also with the aim of
improving the viability of the system so that it can be used in practice as a way of generating
the meals of the social canteen.

9.1 automate process of obtaining data

As described in the Chapter of the main difficulties, the process of obtaining data on diseases
and food is quite time-consuming and laborious, since it is necessary to continue researching
new studies on what is recommended in this association, and as such it is a process that
should be improved in order to make this solution practical.

One of the solutions that could be used to solve this problem would be the use of Natural
Language Processing (NPL) in order to read the new published studies and understand
what data can be obtained that makes sense in this context. Even so, this solution may also
be unfeasible due to the need to understand which studies are marked as valid, or which
previously obtained information is already defined as invalid due to new studies done.
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9.2 implement invoice integration

As this was one of the initial requirements presented, and which would end up not being
developed due to the fact that the necessary data to implement this module had not been
provided, it was essential that one of the steps to be followed in the development of this
solution was to carry out an integration with the existing invoicing system of the social
canteen.

Along with the mobile application developed for the same entity in another project, this
integration system could be used not only to generate the users’ invoices when they pay
their meals, but it could also be used to read the existing stock of certain foods, and thus
improve the algorithm in order to generate meals only with existing ingredients, if necessary.

9.3 generate meal plan for ward

Currently the generation of a weekly meal plan is done directly for each particular user.
Since this is impractical and it is not possible to generate a menu per person, one of the
fundamental steps to be taken would be to modify the algorithm so that it can generate a
global menu based on the reservations that have been made.

For this to happen, it would also be necessary to modify the reservations module so
that each person in charge of the services could indicate which users would be present
in the reservations made, and thus obtain a list of those meals that would be the most
recommended for as many users as possible.
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for their availability in receiving us for this project, and also for their cooperation and for
providing everything that we needed and that was within their reach.

This project would not have been possible without Centro ALGORITMI, especially Rui
Miranda, to whom I am truthfully grateful for his availability to help me whenever necessary,
for his patience and dedication, and for the support provided throughout this year, especially
considering the circumstances in which it took place.

Relatively to my academic formation, a word of gratitude to Instituto Politécnico de Viana
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