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Abstract

Biological hazards, such as bacteria, viruses, and parasites, pose significant threats to

human health when encountered through inhalation, ingestion, or skin contact. The

Pathogens-in-Foods (PIF) database was established to address these concerns, serving as

a centralized resource for accessing information about food borne pathogens in Europe.

The European Food Safety Authority (EFSA) plays a pivotal role in ensuring food and

feed safety within the European Union. However, the EFSA and PIF databases employ

different data structures, making compatibility and data migration essential to enhance

the relevance of PIF.

This thesis focuses on the development of a data migration and compatibility system,

allowing seamless communication between the PIF and EFSA databases. Through this

system, the databases can align their information more effectively, ultimately improving

food safety and public health.

Using Python data migration scripts, it was possible to migrate the old PIF database

to EFSA standards, making the two databases compatible. The script was developed

following a system of classes, making it possible to use these same classes for future

migrations if necessary or even migrations to other databases.

The compatibility system developed offers the possibility of converting variables be-

tween different databases without the need for data migration. This system is especially

useful for variables or entities that cannot or should not undergo the data migration

process. In this way, the system operated as a conversion system, making PIF entities

compatible with EFSA variables.
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Chapter 1

Introduction

Biological hazards can be understood as agents (bacteria, viruses, parasites) that can

threaten human health when inhaled, eaten, or in contact with the skin. Within this

context, thinking especially about food, the Pathogens-in-Foods (PIF) was developed.

These days, there are countless sources available for accessing information. When it

comes to information related to pathogenic agents, it is no different. On one hand, it

is easier than ever to access information. However, on the other hand, this abundance

of information can often be highly disorganized and lacking in harmony. The PIF was

created to address this problem, creating a common place, to consume data related to

pathogens in food in Europe, in an orderly and user-friendly way.

In a broader range, the European Food Safety Authority (EFSA) is the agency in

the European Union responsible for covering all matters related to food and feed safety.

To fulfill its purpose EFSA has it’s pattern and metrics regarding storing information

about food and pathogens in food. As a separate creation, the PIF database has also it’s

own patterns, which do not necessarily meet exactly with the one used by EFSA. In this

context, the development of a data migration and compatibility system that makes the

two databases communicate equally is fundamental to make PIF even more relevant.
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2 CHAPTER 1. INTRODUCTION

1.1 Context

The proposal of this thesis aims to solve the compatibility issue between PIF and EFSA

databases. The concept is using technologies and ways of converting the PIF database into

EFSA requirements or even developing a compatibility system that will operate making

the PIF data EFSA compatible.

1.2 Objectives

1. Development of a database migration and compatibility system: Create a sys-

tem that encompasses all the stages of migration and compatibility between two

databases. The system will operate as a method that includes the graphical visual-

ization of the databases, the actual migration of the data, and finally, a system for

reconciling variables and entities that will not be migrated.

2. Creating graphical representations of the databases: the use of graphical representa-

tions of the entities present in both databases and how they relate to other entities

plays a significant role in the process of understanding how the databases work.

3. Migration of old records from the PIF database to EFSA standards: the process of

migrating all the old records in the PIF database to EFSA terminologies.

4. Migration of PIF structures to EFSA standards: the part responsible for changing

the structures that write the PIF data to EFSA standards, ensuring that the new

data entered into the PIF will follow the EFSA standard.

5. Back-end and front-end adjustments to adapt to the new structures: given the

change of structures in the PIF database, possible adjustments to the application’s

back-end or front-end will be necessary.

6. Creation of a compatibility system: system responsible for making variables and

entities compatible between PIF and EFSA without data migration, used in cases
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where data migration cannot or should not be carried out.

It’s important to understand that the development schedule of the thesis presented

above has a shortened period of execution, running from January to September instead

of the usual September to September. This occurred due to a change of topics during

the thesis’s execution. A research grant was opened within the theme developed in this

thesis, causing the old topic to be abandoned and the new one to be adopted.

1.3 Typographic Norms

In order to facilitate better text readability while also referencing variables, collection

names, methods, and related elements, a simple convention was adopted during the writing

of the thesis. Any word with its meaning linked to some kind of external variable had

its font written in italics. For example: bacteria, parasite, and virus when referring to

collections with the same names. Another commonly used example throughout the thesis

was the use of italics to reference variable names within figures.





Chapter 2

State of art and Study of tools

The process of data migration can be simply understood, as the name implies, as the

process of moving data from one place to another or even modifying the structure of an

old database into a new structure. In order to perform this process many variables need

to be analyzed, such as the present database structure and technologies which is the goal

to achieve with this migration.

In this sense, a solution can be thought of in three steps: ontologies; data migration,

and a compatibility system. Each one of these steps aims to take a certain part of the

whole data migration process. Splitting the complexity of the migration process into steps

can not only ease the process but also help each one of those parts to be carried out more

thoroughly.

Thinking about each step of the process independently, the ontologies are the part

responsible for providing a better understanding of the current database and how the

database should look after the process of migration. As the author [1] affirms, ontologies

are used to represent data as a set of concepts, the ontologies are also based on a graphical

representation, which helps immensely in understanding a database structure.

The database migration step is where the migration process happens, but for that two

main points need to be taken into consideration: database types and database migration

technologies. In this sense, this steep talks about understanding the database that will

5



6 CHAPTER 2. STATE OF ART AND STUDY OF TOOLS

go through the process of data migration, so to say, this database is a relation or a non-

relational one? Which type of database technologies are used? On the other aspect is

also important to realize which technologies will be used to carry out the process of data

migration, this point is dependent on the technologies used in the database and the best

technologies available today.

Lately, the compatibility system is responsible for carrying out what could not or

should not be done by the migration the data migration process. Given the complexity of

some database structures and the requirements for the database migration, based mainly

on the time required to carry out this process, some steps of the process can be chosen

to not be migrated, or simply they can be migrated given the system. For this reason,

the compatibility system aims to fix data-related problems without carrying out a data

migration, solely with the use of mapping of variables.

2.1 Ontologies

First, to better understand what ontologies are, is necessary to understand the objective

in creating them. According to [2], ontologies aim at capturing knowledge about a specific

domain and providing common accepted representation that may be re-used and shared

by diverse applications and groups. In the words of [3] ontologies are also a means

to document the structure of a particular domain, which helps to develop a common

understanding of its concepts. In agreement with [1] ontologies represent knowledge as a

formal description of a domain of interest.In this sense, by understanding the goal behind

the creation of an ontology is possible to understand its use and applications.

An ontology allows to describe databases information given a semantic dimension to

the entity relations.This means that it is possible to enrich the information of a database

and also infer new knowledge. Viewing a database as a distinct domain, where knowledge

is encapsulated in a structured data format, following a specified schema, is a fundamen-

tal step in aligning a database with the broader context of ontology descriptions. By

considering these concepts, we can effectively represent all the elements within a database
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as ontological entities and derive valuable insights from this approach [2] [1] [3].

2.1.1 Food Ontologies

The work in [4] discusses the use of ontologies to achieve the so-called FAIR principle

(findable, accessible, interoperable and reusable) within agrifood. In [4] the importance

of ontologies to represent a domain of knowledge and how this can help in creating stan-

dardized definitions for terms is discussed. Another important point made by [4] is that

there is no general ontology covering all aspects of agrifood, which contributes to the cre-

ation of isolated ontologies and the fragmentation and isolation of data. In this context,

[4] argues for the use of quality ontologies and the possible use of collaborations to address

complexities in the ontology creation process.

In the work of [5] an effort is made to develop an ontology about fast foods. Un-

derstanding the impact that information about a given food can have on individuals, [5]

seeks to develop a standardization proposal for the presentation of fast food data. Using

a sample of 21 establishments, an ontology is created using the OWL2 language and soft-

ware Protégé, both of which are widely known in the field of ontologies. With the studies

in [5] it is possible to understand the informative role of ontologies and to understand the

step-by-step process behind their development.

In [6] is discussed about the FoodOn a food ontology that aims to standardize in-

formation related to foodborne pathogens. The authors of [6] highlight the challenge

in sharing information regarding foodborne pathogens given the large number of differ-

ent platforms, data dictionaries, and free-text descriptions. Ultimately the work of [6]

presents the FoodOn as a solution to standardized data related to food and shows the

importance of such a feat in improving data sharing.

2.1.2 Pathogen ontologies

The work of [7] deals with the creation of a generalized system for the storage and retrieval

of phenotypc information for bacteria. In order to standardize the capture of information
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on microbes, the ontology created by [7] also tries to remain compatible with other existing

ontologies within the same scope. During the work on [7], the terms present in the well-

known GO (Gene Ontology) were used in order to create a new ontology that could be

used as the standard for representing phenotypc information. The authors of [7] used the

ontology editor OBO-Edit to create their own ontology.

In [8] are proposed terms to describe plant diseases caused by fungi and oomycetes

that do not count in the Gene Ontology (GO). The efforts of the authors of [8] go around

identifying behavior and process related to the plant disease that has no correspondence

in the Gene Ontology, from that they developed 256 new terms and extant other 38 from

the the GO. An important aspect in the work of [8] is the effort to understand what could

not be presented by the GO terms and then the proposal of new terms that would better

suit the scenarios they were aiming to display.

As stated by [9] nowadays microbiological surveillance is supported by public health

organizations, with systems that integrate multiple metadata related to food-borne dis-

ease and various other sectors. The work of [9] focuses especially on the "One Health

Structure in Europe" (COHESIVE) that aims to integrate pathogen information from

various sections such as public health, animal health, and food safety. In this sense, the

authors rely on the FoodOn ontology to describe information related to food while devel-

oping their web-based platform called CIS (COHESIVE Information System). Work [9]

presents a relevant attempt to unify information related to pathogens in different sectors.

2.2 Database types

Before understanding the process of data migration is important to first grasp the types

of databases that exist and the main difference between them. The database type (rela-

tional or non-relational) plays a big role in the data migration process, especially when a

migration occurs from a non-relational to a relational database or vice-versa. Within the

range of data migration with the same type of databases, understanding the used type is

also a very relevant factor.
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Relational databases based on the concepts of sets in mathematics, all the data repre-

sented as mathematical n-ary relations, an n-ary relation being a subset of the Cartesian

product of N domains, in the words of [10]; still in the definition of [10], this data model

is very specific and well organized. Columns are described by the well-defined schema.

The set of related data stored in rows has the same structure.

Regarding non-relational databases [10] provides the following description: the com-

mon and the main feature that distinguishes the NoSQL data model is it does not use

the table as a storage structure of the data. In this context is possible to understand that

relational databases use a rigid structure regarding the store of their data, such as tables

while non-relational databases use a more free structure, not relying on tables for storing

their data.

2.3 Data migration

Data migration is the selection, preparation, extraction, transformation, and permanent

movement of appropriate data that are of the right quality, to the right place, at the right

time, and the decommissioning of legacy data stores, to deliver the business transformation

aspirations of the organization, per the findings of [11]. Through this definition is possible

to understand what is data migration and its role, it is also possible to go further and

understand each one of the four points enumerated.

The selection is relative to finding exactly what will be migrated, or which part of

a whole; preparation, extraction, and transformation can be comprised in a single step,

responsible for dealing with the data that will go through the process of migration, working

on this data to make it ready. Regarding the two last steps: permanent and movement,

they line up together in a way that one should ensure that the change is permanent, that

is, there’s no way back and the other should ensure the movement of change itself [11].
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2.3.1 Data migration with non-relational databases

Narrowing the scope of the database, thinking only about non-relational ones, in the

work of [12] presents a framework for data migration only with NoSql (non-relational)

databases. In [12] first is shown the type of NoSQL existing, namely: key-value; document;

column, and graph. Each one of these types stores data in a non-relational way but in

different manners. Given those differences, [12] work in a general framework to approach

the data migration within NoSQL databases.

Based on the study by [13], is proposed a model for data migration between NoSQL

databases. Focus on cloud-based NoSQL data stores, in the work of [13] a proposal is made

approaching the problem regarding heterogeneity among different NoSQL databases.

Through the development of a series of algorithms, the process of data migration from a

document-based database into a graph one could be completely automatized. With this,

is possible to have a glimpse of the problems involving data migration within the NoSQL

domain and how they can be approached.

According to the research by [14], in the context of NoSQL databases, a self-adapting

data migration is proposed. The idea is that in times of agile software development, the

NoSQL databases often need to deal with multiple versions of stored data, which needs to

be handled by the code of the application in most cases. In [14] is proposed an approach

to automatlcy deal with migrations, through the use of self-adapting methodology. An

important fact described by [14], is related to the 4 types of data migration strategies,

namely: the eager migration strategy; the lazy migration strategy; the incremental migra-

tion strategy; and the predictive migration strategy. Each one of the strategies described

is shown to fit better in a given context.

The eager migration aims to migrate all legacy entities at once, so anytime the data

model is changed, all the related entities are also changed. This process results in two

main outcomes: a consistent database at any time and a higher migration cost. Even

though the benefits associated with the eager migration are big, so are their costs. The

laze migrations operate with the opposite strategy as the eager migration, so in this case,
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legacy data will remain unchanged even when there are changes in the data model. The

changes using the lazy migration approach will only happen on the fly when an entity is

accessed that requests the new data model. This approach has a smaller cost but a higher

structural entropy that tends to increase over time [14].

The incremental migration can be understood as the middle ground between the eager

and lazy migration. The incremental migration treats the data model changes as a lazy

migration, only changing an entity when this is accessed, but also performing periodic

clean ups in the database migrating the legacy entities to fit the new data model. The

predictive migration aims to go one step further than the incremental strategy, it operates

with periodic clean ups, but with a fundamental difference, the separation of data into

"hot" and "could". This strategy seeks the entities that are more used for an application,

the so-called "hot" data, and proceeds with the migration for these; the "cold" data, or

entities not so frequently used are not migrated immediately but on-the-fly, or when is

necessary. This approach proved the perfect balance between migration costs and latency

(how quickly data can be accessed) [14].

2.4 Compatibility system

Understanding a compatibility system as nothing more than mapping the variables to

other variables. Studies on the semantic web offer an interesting reference point for

mapping variables. In the specific case of the semantic web, mapping occurs with the

intention of promoting the conversion of a given database into an ontology model.

The work in [15] proposes a model for converting data from a relational database into

RDF (Resource Description Framework). Framework). The proposal works with two

mapping layers, the mapping layer and the template layer, dividing the mapping into two

parts. The first part is responsible for the mapping between SQL and RDF; the second

layer is responsible for the design and how this mapping will be presented. With regard to

the mapping layer proposed by [15] , it is possible to use the same reasoning on different

fronts.
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According to the research by [16] a tool is proposed for automatically mapping a

database into an ontology. Also starting from a relational database, the tool created

works by first understanding the types of tables present in the database in question and

then creating a mapping process. The mapping process begins by analyzing the type of

table, and grouping it into three possible categories. The grouping takes into account

the number of foreign keys in the table and their dependencies. With the tables properly

grouped, the mapping process takes place by synchronizing database entities with classes

and sub-classes in the ontologies. In this way, it is understood that the mapping proposal

in [16] works by first grouping entities to subsequently create generic solutions that fit

into each of the grouped categories.

The study of [17] uses the two main methods for mapping databases to ontologies,

direct mapping and wrapping methods.The former is based on creating a new ontology

from the database, while the latter is based on using legacy ontologies, mapping the

database to an existing ontology. The methods described are compared and the positive

and negative points of each are noted. Through the research of [17], with the use of

didactic images, it is also possible to gain a better understanding of how the entities of a

database are mapped onto ontologies.

Building on the studies of [18] [19], the pattern described as Lookup Tables operates

like a conditional if-else or a switch case but uses an object instead of a code block. In

this case, it is possible to create a large number of conditionals to map one variable to

another without data migration while still maintaining good response times.



Chapter 3

The PIF and EFSA systems

3.1 PIF database

Firstly to understand the problem approached by this thesis, it’s necessary to understand

why the problem emerged foremost. The Pathogens-in-Foods (PIF) system, as described

in the introduction of this thesis, works with data collected from papers to gather and

store this data was necessary to create a pattern. A researcher will analyze the study

thoroughly before categorizing it as suitable for being inserted in the PIF database; a

certain level of relevance and methodological quality will be mandatory, then the data

will pass through a process of systematic categorization of microbiological methods, food

types, and outcomes.

In the conception of the PIF database, the setting for constraints related to variable

names, food hierarchies, agents hierarchies, and database structure was based only on

the experience of the researchers in charge of the project. The researchers conducted

the project independently; for this reason, they had a great degree of freedom regarding

making changes in the patterns established by themselves.

In the course of the project, as the researchers continued reading more articles and,

therefore, inserting more data in the PIF database, they noticed the need to make changes

and adjustments to fit their goal with the project. The project continued to undergo minor

13
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changes until the agreement with EFSA, where from that point on, the EFSA pattern for

data storage was to be established upon the previous PIF pattern.

The PIF application is composed of three parts: the database, the front-end, and

the back-end. Among these three, the database plays the most relevant role within the

application, understanding its behavior it’s crucial to understanding the overall behavior

of the application. To have a better grasp of the database it is important to analyze every

collection that compose it, how it’s structured, and the role this collection plays.

The collections within the PIF database can be categorized into two types: structural

and non-structural. The structural collections are responsible for recording the informa-

tion in the database and the non-structural for retaining the data. Thus, the database

works with collections pairs, and this pattern applies to nearly all collections, except for

a few cases that will be subsequently explained.

Figure 3.1 shows the schema of the PIF database. You can see that the relationship

between study and the agents Bacteria, Parasite and Virus is one-to-many, while there

is no constrictive relationship between the User collection and the other collections. So,

each of the collections contains its corresponding structural part responsible for writing the

information to the database and a part responsible for being the record in the database.

As such, the scheme shown in Figure 3.1 looks at the aforementioned collections in terms

of themselves as pairs made up of a structural part and a record part.

The Food structure and Countries collections, which will be explained below, behave

differently from the other collections mentioned, where there is no attempt to use the

concept of primary key and foreign key. The collections have a dynamic role, where

both are used as the rendering of one or more inputs on the front-end that will represent

possible variables within the agent’s collections. As such, the Food structure and Countries

collections don’t exist on their own, playing a purely drop-down rendering role
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Figure 3.1: PIF Database squema

3.1.1 Study

The study collection is fundamental for the PIF application despite the fact of only rep-

resenting one single input in the front-end. As was shown in the previous collections, all

of the nonstructural collections related to the agents had a value for StudyID, which is

the variable responsible for linking the „study“ collections and the collections related to

the agents (bacteria, parasite, virus).

Within the PIF application for one given study is possible to exist many records, but

one record can only be linked to one study, creating a relation one to many. Following

the expected flux to insert a new record, a study needs to be inserted first, so that later

on this study can be linked to the newly inserted record for a given agent. A separate

page is used in the front-end only to insert new studies, while the already inserted studies,

the ones present in the study collection, are displayed trough one single drop-down menu.
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Figure 3.2 shows a record inside the study collection.

Figure 3.2: Study record

3.1.2 Study structure

The behavior behind every one of the structural collections in the PIF database is very

similar, some collections may have more or less impact on the overall application and

its complexity. The structural collections for the studies follow the design of the other

structural collections already shown. In this type of design, an object is displayed in the

front-end as numerous input boxes or drop-downs based on its fields. All the configurations

necessary for the front end to know how to deal with the given input are stored in the

database.

Figure 3.3 shows how the structure of the studies is assembled. In this example is

quite evident the use of the data variable to tell the front-end if the referred field should

be displayed as an input box or a drop-down.
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Figure 3.3: Study structure

3.1.3 Bacteria

The PIF application works with three kinds of pathogens: bacteria; virus; and para-

site. Each one of these pathogens has its own set of collection pairs (structural and

non-structural) that interact with other collections within the database. From these in-

teractions emerge the relationships between the collections. These relationships offer a
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glimpse into how the system works.

The bacteria collection is the one that holds the largest number of records inside the

database, Its behavior, in terms of database, is very similar to the other pathogens. As

usual in a non-relational database, the records within every collection are represented

as JSON objects, to facilitate understanding, these objects were displayed in this thesis

using a graphical representation. Figure 3.4 presents what an individual record inside the

bacteria collections looks like.

For each record in the bacteria collection, there are mandatory and non-mandatory

fields. The number of fields in an individual record can vary within a certain range.

The process of writing the mandatory and non-mandatory fields, as well as the rules for

such, will become clear when analyzing the bacteria-struct collection, the corresponding

structural pair of the present collection.

Figure 3.4: Bacteria record

By investigating Figure 3.4 it is possible to verify how a bacteria record is composed.

The field StudyID is the one responsible for creating the link between the bacteria collec-

tion and the study collection. They have a One-to-Many type of relationship, where one

study can be present in multiple bacteria records but the bacteria record is always linked

to only one study.
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Fields such as Bacterium; PackStatus; Category; and SamplingStage are always manda-

tory, but they contain sub-levels that vary based on the chosen option. For some options

the user will have more or less mandatory sub-levels to choose. This will become evi-

dent when exploring the food structure collection and understanding how this system is

displayed in the front-end.

The variable that holds the value for Prevalence has a special behavior: it stores the

information in the database as a nested object. This nested object per se has its field and,

as will be evident while analyzing the structural collection, its rules. Referring to 3.5, it

is possible to see that there’s also another nested object called Count.

The fields Count and Prevalence are extremely relevant for the bacteria records, they’re

also an example of how the mandatory field can vary largely upon what is selected. Based

on the current implementation is mandatory for a bacteria record to have at least a Count

or a Prevalence value.

On a broader scale, it is evident that the bacteria collection only plays the role of

storing the data. The complexity of the PIF application lies in other collections that play

an active role in how the data are displayed in the front-end and how the user can interact

with that upon the constraints established by these collections.

Figure 3.5: Bacteria record with multiple methods
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3.1.4 Bacteria structure

The front-end display rules have a strong connection with the structural collections in

the PIF database. The structural collections are displayed in the front-end as drop-

down menus or input boxes, where each field of individual objects inside the collections

represents one individual drop-down or input box. The objects inside the structural

collections contain all the options that can be written by the system, each field of the

objects represents an option that can be chosen.

Given the large number of possible options to choose from and the expected behavior

for a given agent (bacteria, virus, parasite), the front-end is responsible for consuming

these structural collections and displaying them in an ordered way, following certain rules

for displaying that will become evident once analyzing the front-end behavior.

In the PIF application, there are separate pages for each one of the agents, so the

page responsible for bacteria will only consume the collections related to bacteria and

the common collections. Entering pages related to bacteria, the applications always have

a page responsible for writing the data, a page responsible for reading the data and

displaying it (search page), and a page responsible for editing inserted data. The structural

collections are primarily utilized on the writing and editing page; nevertheless, they also

have a minor role on the search page.

Figure 3.6 shows the main object inside the bacteria structural collection. This object

is responsible for storing the main used fields related to bacteria, as well as the Count and

Prevalence objects with their respective fields. The objects for Count and Prevalence are

extremely complex and their behavior needs to be volatile, so to speak. For that reason,

the fields related to the Count and Prevalence objects are scattered among various objects

inside the bacteria structural collection.

Illustrated in Figure 3.7 is the main object for the Count method. The actual object

has a substantially greater number of fields; however, for pragmatic elucidation, only a

select few fields have been used in this depiction. The fields of this object have the same

behavior as the previously mentioned main structural bacteria object, but here all the
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Figure 3.6: The main bacteria structure
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fields of the main object are also objects, creating a nested object structure.

Figure 3.7: The structure of the Count object

Depicted in Figure 3.8 is the main object for the Prevalence method. In this case was

possible to depict the object in its full fields once the object was considerably smaller than

the Count one. One interesting fact to notice about the objects shown in Figure 3.7 and

Figure 3.8 is how the structure inside each one of the nested objects works.

The structure consists basically of four fields: data, label, type, and required. The

data field will indicate to the front-end if the field is to be rendered as an input box or as

a drop-down. Setting the value of the data to null indicates that the field will be rendered

as an input box. The label, type, and required fields indicates precisely what their names

imply.

Another very important structure in the present collection is the type of bacteria

object. For simplification reasons, Figure 3.9 only shows one of the many bacteria types

available inside the full tree. To provide a given behavior for the Count method and

another type of behavior for the Prevalence method each one of the types of bacteria has

its pair of methods.

For the system to handle the multiple options existing when approaching different
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Figure 3.8: The structure of the Prevalence object

agents, it was necessary to implement a conditional rendering in the front-end, a lot of

this rendering relies on the way those objects are structured in the database. The logic

applied for this object will be mirrored for virus and parasite. In biological terms, these

agents can be immensely different, but in database terms, they have almost the same

behavior with more or less fields.

The object depicted in Figure 3.10 has the same behavior as the other objects men-

tioned, it’s possible to see that in this case, the data field is not null, making this field

being rendered in the front-end as a drop-down menu. The data field used in this case

was an array, but in other parts of the application, the data field was populated with an

object. The use of arrays in this scenario made the structure more stiff. In a structure

based on a nested object it’s easier to increase or decrease the number of sub-levels or

how nested the structures are, with arrays the level of freedom is hardly achieved.

The PIF database was built following a decentralized pattern in almost every sense.

The structure in Figure 3.10 is populated with common fields for all agents, to follow a

decentralized pattern, this same structure was built in the collections responsible for the

virus and parasite structure.
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Figure 3.9: Bacteria types structure

3.1.5 Parasite and virus

The collections parasite and virus work in the same way as the collection bacteria. The

purpose of these collections in the database is only to store the data, so this data can be

consumed and displayed on the search page in the PIF application. Overall the collections

related to parasites and viruses have a greater number of fields and objects, due to the

complexity of those subjects.

Displayed in Figure 3.11 is possible to see what a record in the parasite collections

looks like. The records do not differ in any way from the bacteria records except for the

greater number of fields.

Figure 3.12 displays an example of a record in the virus collections. The behavior for

the pages responsible for the virus and the parasite collections in the front-end are almost

the same, showing more complexity than the page responsible for the bacteria collection.

The greater numbers of the field in these mentioned collections imply that their structural

pair will have, unconditionally, more field, which results in a great number of inputs to

be generated in the front-end. The number of inputs in the front-end already increases
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Figure 3.10: Common fields structure
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Figure 3.11: Parasite record

the complexity of the page, the conditional rendering for some of those inputs makes the

complexity even higher.

Figure 3.12: Virus record

3.1.6 Parasite and virus structure

Both main structures responsible for the structural part of the parasite and virus collec-

tions are very similar. The rest of the structures present in those two structural collections
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are very similar to what was already shown in the section that covers the bacteria struc-

tural collection. As the database follows a decentralized model, the structural collections

for bacteria, parasites, and virus have a giver number of repeated structures.

Figure 3.13: The main parasite structure

Figure 3.13 and Figure 3.14 show how the main object for the parasite and virus

structural collection looks like. By analyzing the picture is possible to notice how the

Count and Prevalence methods for these collections are more complex when compared
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to the ones for bacteria. This greater number of fields results in more complexity in the

front-end of the application.

Figure 3.14: The main virus structure

3.1.7 Countries structure

The behavior of this collection is very straightforward and does not play a big role in

terms of increasing the complexity of the system. Each one of the inserted records in the
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PIF database must have a value for the country of origin of the given study, therefore,

this collection provides a list of countries for attributing this value. The entire collection

is rendered in the front-end as one single drop-down menu, this drop-down can be reused

in many parts of the application to display the same functionality but always consume

the same collection.

Looking at Figure 3.15 is possible to see what the record in the countries collections

looks like. In terms of the interaction of the user, while inserting or consuming data from

the PIF applications, the only variable that represents meaning is Country. The other

variables are only used in a feature using Shiny that also consumes the PIF Database to

show in a map the places from where the inserted studies come.

Figure 3.15: Countries collection

3.1.8 Food structure

The collection related to the food structure is the only collection in the database that only

has their structural part, not working in pairs as most of the collections already showed.

As the intention behind the build of the PIF applications was to store data related to

pathogens in foods, there is no relations need for the database to have a non-structural

food collection. All the records added to the PIF database will have mandatory some

relation with the food structure collection.
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The food structure collection is the most complex of all the structural collections

shown. As depicted in Figure 3.16, it is possible to see how the structure behaves as a

nested object, this structure is especially important to provide the correct display of this

object in the front-end. The image illustrated in Figure 3.16 shows only a part of the

whole food structure that counts with many other fields.

Figure 3.16: Food structure main object

Analyzing Figure 3.16 makes it possible to understand how is the behavior of the

food structure in the front-end. The nested object inside the food structure follows four

levels: Category, SubCategory, FoodClass, and FoodSubClass; these four levels follow a

hierarchy going from the Category to the FoodSubClass. This hierarchy created in the

database makes it possible to render a cascading drop-down in the front-end, making a

series of conditional renderings. This solution allows a reduced number of code lines in

the front-end, eliminating the usage of conditional and allowing a more lean code.

The object depicted in Figure 3.17 shows the second and last object present in the food

structure collection. This object follows the same patterns already shown for the other

structural objects. The front-end uses this object to render food-related properties. As for

the object depicted in Figure 3.16 or Figure 3.17, they are once rendered by the fronted

and later the variables corresponding to their field are saved in the agent’s non-structural
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collections.

Figure 3.17: Food structure common object

Subsection Title

3.1.9 User

The user collections work in a slightly different way than the other pairs of collections

already mentioned. For this collection, there is no corresponding structural one, once this

responsibility is performed by the back-end directly. The records saved in the database

have a direct relation with the user collections, once there is an option implemented in

the front-end that allows an admin user to available data inserted by a non-admin one.

Figure 3.18 shows a record inside the user collection. The most relevant variable of

any record inside this collection is the Role, through this variable the system knows which

features will be unblocked and which won’t. Also using the variable Role, an authorized

user can evaluate data inserted by a basic user, by doing that, the user GivenNames will
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Figure 3.18: User record

be linked to the given record.

3.2 PIF Front-end

Even though most of the work carried out by this master’s thesis was in the database

of the applications, often changes in the database would reverberate in a non-expected

behavior in the front-end. Given this fact, to fully understand the problem approach

of this thesis and how it was attacked is also important to have a brief overview of the

front-end and its functions.

The front-end of the PIF application works with the notorious JavaScript library

React.js, configured to work also with JavaScript. Given the complexity of a React.js

application, this section aims to explain what in this part of the application is relevant to

the work of this thesis.

Overall we can understand the front-end of the PIF application within four different

pages (Search, Search By Label, Register New, and Curate Data) that will be repeated to

all agents (bacteria, parasite, virus) and also for the studies. The decentralized approach

in the database reverberates in the front-end behavior. By understating the behavior of

these pages is possible to grasp how the front-end interacts with the database and its

importance to the operation of the application.
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3.2.1 Search page

The Search page is one of the most important ones in the PIF application, through it the

user can access the data in the PIF database. The idea behind the PIF project was to

have a place where the data, related to pathogens in foods, could be accessed. Therefore,

the Search page plays a relevant role, within the goals of the application, by displaying

the data.

The behavior of the Search page can be understood as the normal behavior of any

given search page, the user interacts through some sort of filter or input to have back the

stored data. In the PIF application, the user can choose from some drop-down menus

which data he wants to retrieve, and apply multiple filters to refine his search.

Figure 3.19 shows the first set of drop-downs where the user can filter the data he

wants to retrieve from the database. The operation of the Search page is completely done

with the closed field, so the options to be chosen are limited by the number of options

inside of each drop-down. While executing a search operation the user is free to select a

single option for each one of the desired drop-downs, every one of those options will sum

together as a and conditional.

Figure 3.19: Search page drop-downs

3.20 depicts the second set of drop-downs available for the user. In the Search page

there is also a third set of drop-downs when the user marks the option Show Advanced

Filters illustrated in Figure 3.20. Another relevant fact to notice in Figure 3.20 is the

options available for the data output, the user can choose to display the data as a table

or make the download as a CSV file or as a JSON File. It is also possible to select how
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the empty cells should be treated, filled with blank fields, undefined or null.

Figure 3.20: Search page second set of drop-downs

Figure 3.21 shows how a search operation looks like in the PIF applications, in this

case, the search results are displayed as a table with a blank field for the empty cells. The

structural objects for each one of the agents (bacteria, parasite, virus) are consumed in

the search page to provide the drop-downs and its respective values.

Figure 3.21: Search page results table

Understanding the behavior of a search page is fundamentally understanding the re-

quest traffic. The front-end solicits the back-end for data, both from the front-end to the

back-end, and from the back-end to the front-end. The data must transit in a way that

allows the two fronts to communicate understandably. Comprehending how the front-end

and back-end of an application communicate is key to fully grasping the application’s

operation.

Figure 3.22 exhibits the object built by the front-end to request data from the back-

end. The object is composed of many fields that will have a value based on the options the

user selects on the search page. When an option of one of the search page drop-downs is
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selected, this value will populate a field of the request object, otherwise, the field related

to this specific drop-down will remain empty.

Figure 3.22: Search object

The information returned by the back-end has a different structure than the informa-

tion sent to the back-end, Figure 3.23 illustrates the returned data is an array structure.

The return data model works by sending an array of arrays where the first array is the

header and the rest of the arrays the body. This information is used by the front-end to

populate the header of the displayed table and then the corresponding rows. The figure

depicted in 3.23 is just a cut of a normal response that can extend to over forty fields per

array, and have endless nested arrays.
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Figure 3.23: Back-end response

3.2.2 Search by label page

The operation of the search by label page is very similar to the search page, with the

advantage of allowing the search in an open field in the PIF application called Label. The

Label field is mandatory when a new record is inserted in the database. Different from

most other fields, its value is not given through a drop-down menu but through an input

box. In the scenario, the user is free to insert any type of information related to the data
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being inserted.

Figure 3.24 shows the appearance of the search by label page. The user is still allowed

to filter the requested data using some of the drop-down menus but can also use the open

field to search in the database. Figure 3.25 shows an example of a search where the word

melon is attributed to the variable Label. In this case, all the records in the database that

contain the word melon in their Label value will be returned. It is important to notice

that the function implemented in this page executes a partial text search, also called,

fuzzy search, where the search is executed in records that contain a specific word.

Figure 3.24: Search by label page

Figure 3.25: Search by label object
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3.2.3 Register New page

The Register New Page is the most complex one in the PIF application. To be able to

understand its behavior is necessary to grasp how the page is structured and also how

the React code operates underneath the front-end surface. All the pages responsible for

inserting data in the application have the same behavior varying only in the degree of

complexity of its components and functionalities. The figures used in the section show

the page use of the bacteria collection; however, this same model will be mirrored for all

the other pages related to data inputting.

The basic functionality of the insert pages in the PIF application is given through

the use of drop-down menus. Each one of the drop-downs used in the PIF application

is rendered from an object stored in the database. Looking at Figure 3.26 is possible to

see how the objects inside the bacteria structural collection are rendered in the front-end

as drop-down menus. Figure 3.26 also shows how the inserted record is firstly linked,

necessarily, with a study by using theStudy ID drop-down.

Figure 3.26: First section of the Register New Page

Figure 3.27, and Figure 3.28 show how conditional rendering is given in the front-

end of the applications. Based on the option selected by the user different objects are
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rendered in the front-end; those different objects have different nested objects inside,

giving a great number of possible drop-downs to render. This characteristic gives the

necessary dynamism to the PIF application to deal with different types of records based

on the agent or food being inserted.

Figure 3.27: Dynamic rendering 1

Figure 3.28: Dynamic rendering 2

Figure 3.29 depicts in detail how the set of objects are grouped. While inserting data

in the PIF application all the data related to a given record will be fitted into three groups:

Agent and Essay, Food, and Results. These categories individually gather a given number

of objects that have common characteristics between them.

Figure 3.29: PIF object groups
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(dataAuxEssayCount.map((json,index) => {

return (

<MaterialNativeSelect

key={json.label}

label={json.label + required_text}

labelError={blank_text_error}

>

<option value={""}>Select</option >

{Object.keys(json).map(key =>

key != "label" && key != "selected" ? (

<option key={key} value={key}>

{key}

</option >

) : null

)}

</MaterialNativeSelect>

)}))

Figure 3.30: Cascade drop-downs snap code

Figure 3.30 illustrates an important snap of code of the front-end responsible for the

cascade loading of the drop-down menus. The pattern for rendering data showed in this

snap code is used all over the PIF application, for both inserted and search-related pages.

As was shown in previous sections, the drop-down objects are also rendered in the search

pages but with a different purpose.

It’s very important to notice the role played by the dataAuxEssayCount variable. This

variable is the array responsible for storing all structural-related information, from this

data the map function is used to iterate over each one of the objects inside of the array

to render each one of them using the MaterialNativeSelect component. The second map

function is used to iterate over the field of the given object to display them as options in
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the drop-down menu. It is also possible to see how the values stored in the collections in

the database for Label are now dynamically used in the front-end.

3.2.4 Curate Data page

The behavior of the Curate Data page can be understood as a mix between the search

and the insert page in the PIF application. On the curate page, the user can search for a

specific record in the database, select the given record, and then edit this record following

the necessary adjustments. Figure 3.31 shows the input box used to search the data,

Besides the input box, the user can also select which variable it wants to search based on

the given input. In the shown example the variable StudyID was used to search.

After searching for specific data, the user can then select the row corresponding to the

record and proceed to edit the record, Figure 3.32 illustrates how this process happens.

When processing the edit page, the user will have a page that is the same as the one used

for the insertion of data, with the only difference being that all the previous data related

to this given record will be already populated in the drop-down menus.

Figure 3.31: Curate Data page

Figure 3.32: Curate Data table
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3.3 PIF back-end

Within the scope of this present thesis, no changes were made in the back-end of the ap-

plication. It’s necessary nevertheless to have a quick overview of the principal technologies

used in the back-end to enhance the understanding of the work done in the front-end and

the database. The pattern used in the construction of the PIF application has its focus

mainly on the interaction of the user with the front-end and then with the data storing

given by this interaction. In this case, the back-end only plays the role of delivering and

receiving the data between the two ends of the applications.

The back-end of the PIF application uses Node.Js to interact with the MongoDB

database. The back-end, in turn, works with the framework e Express to simplify the

creation of the APIs used in the application. Another worthwhile technology used in

the back-end is the Mongosee library which helps in the interaction between the back-end

and the database. In architectural terms, the back-end works with an MVC (Model-View-

Controller) pattern, where the controller component is separated into four components:

Add; List; Manage and Struct.

Each collection shown in previous sections has its own set of controller and controller

modules, in a way that all of the controllers work in a very similar way. The Add module

is the one responsible for processing HTTP POST requests in the main storing collection

for the agents (bacteria, parasite, virus). The List module is responsible for the HTTP

GET requests and for formatting the information that will be delivered to the front-end

in a certain format: table; CSV or JSON.

The Manage component is responsible for handling the HTTP DELETE and POST

(related to the data update) requests. Both of these methods are used on the curation

page to enable the user to delete a record with necessary and to update a given record.

The process of updating a record in the PIF application occurs by using a GET method

to retrieve the previous information of the record; populating the drop-down menus in

the front-end with the previous information, and using a POST method to write again

the same record.



3.4. THE EUROPEAN FOOD SAFETY AUTHORITY (EFSA) 43

The Struct component assumes the role of rendering the HTTP GET requests related

to the structural collections of the PIF database. As was shown in previous sections, the

structural collections are displayed in the front-end as drop-down menus or input boxes;

the Struct component in the back-end is the one responsible for getting this data from

the database to enable the front-end to consume and render this data later.

3.4 The European Food Safety Authority (EFSA)

The European Food Safety Authority (EFSA) is an agency responsible for providing

scientific advice and talking about food risks within the European Union (EU). The main

focus of EFSA is on handling everything related to food a feed safety, things as animal

health, plant protection, and nutrition. In this way, they help the EU to make safer

decisions regarding food, even offering all their information openly to the public.

For the purpose of storing data related to food and feed safety, EFSA has its param-

eters and patterns. These parameters and patterns are kept in EFSA in catalog form,

which is then made available by them through their web page for other users to access.

Using the Catalog Browser the user can explore EFSAs that are directly connected to the

Data Collection Framework where data gets submitted to EFSA [20].

Figure 3.33 illustrates what the EFSA Catalog Browser looks like. Through the use

of this application is possible to search for a specific term, and see how this term is

represented in the EFSA patterns. An important fact to notice is how the hierarchy of

the database in the EFSA application can be displayed, the user can select between two

options: Hierarchies or Facets; Figure 3.33 depicted the data displayed as Facets where

Figure 3.35 depicted the data displayed as Hierarchies.
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Figure 3.33: EFSA Catalogue browser Hierachies mode

Figure 3.34: EFSA Codes

Regardless of the displayed mode selected, every term associated with the EFSA cat-

alog has its code, as illustrated in Figure 3.34 in Term code. Understanding the pattern

utilized by ESFA to store and display its data is fundamental to understanding the prob-

lem approach by this thesis and how it was approached.
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Figure 3.35: EFSA Catalogue browser Facets mode
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System methodology

4.1 System methodology overview

Looking at the diagram shown in Figure 4.2, it is possible to see how the methodology

for this thesis came about. The first and most important step in the process is precisely

the development of a database migration and compatibility system, where the whole idea

behind the thesis is thought out, this part is related to the conceptualization of a system,

an operating mode for the problem faced. Once the system has been thought out, you can

then move on to the subsequent stages that will ensure that the system is implemented.

In the diagram in Figure 4.2, step 2 is part of the preparation, so to speak, for the

subsequent processes; the graphical representations of the databases help to increase their

level of understanding of them. Having understood the databases and the specifications

of the desired changes, we then move on to stages 3 and 4, where the migration takes

place. In this sense, the migration can be understood in two stages: the migration of

the old data, the records from the old database that will be changed to a new desired

standard (step 3), and the changes to the structures that write the data to the database

(step 4). In this way, not only will the data in retrospect follow the new desired pattern,

but also new data will already be written following the new pattern.

Step 5 represents the possible corrections that must be made to the front-end and

46
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back-end of an application after a data migration. Sometimes the change in structures

of the old bank can trigger malfunctions in the front-end or back-end of the application,

which must then be corrected. In step 6, a compatibility system is created that makes

entities in the two databases compatible without the need for data migration. This step

is essential for data that should not be migrated or is chosen not to be migrated.

Figure 4.1: Methodology diagram

The entire thesis revolves around understanding the incompatibility problems between

the PIF and EFSA databases and then proposing a solution. In this context, the com-

patibility problems can be thought of separately, dividing a larger problem into several

smaller ones. Therefore, the following sections demonstrate the compatibility problem

between PIF and EFSA on three different levels.

4.2 Compatibility issue related to different variable

names

The first and more evident issue related to the integration between the EFSA and PIF

databases was the difference in naming variables. In the development of the PIF database,

the variable names were chosen, mainly, taking into consideration the experience of the
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researchers in charge of the project; on the other hand, EFSA chose their variable names

following different metrics. This event resulted in databases that resonate within the same

subject, but follow different patterns.

Table 4.1, illustrates one example of the difference in naming variables between EFSA

and PIF. When analyzing the table is possible to notice, how the EFSA went for the

precise academic names for the terms related to bacteria and the PIF went for reduced

and short versions. This difference in naming variables, even if that’s not so striking,

results in non-direct compatibility between the two databases. The problem illustrated

by Table 4.1 was repeated many times for other variables within the EFSA and PIF

databases.

Table 4.1: PIF and EFSA variable names

PIF Variable EFSA Variable

Bacillus Bacillus cereus

Campy Campylobacter

Clostridium Clostridium perfringens

Listeria Listeria monocytogenes

Salmonella Salmonella

Staphy Staphylococcus aureus

STEC Shiga toxin-producing Es-

cherichia coli (STEC)

Yersinia Yersinia enterocolitica

4.3 Compatibility issue related to different hierar-

chies

Another recurrent compatibility issue noticed between the EFSA and PIF databases was

regarding the structure of given objects. In this case, different from what was mentioned

previous sections, only changing the name of the PIFs variables to adequate to EFSAs
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ones would not fix the problem, as those variables are also represented within a different

structure. The difference in structure results in different levels and sub-levels for a given

set of variables.

As was shown in previous sections, the PIF application renders objects from the

database into drop-down menus and input boxes in the front-end, these inputs are of-

ten nested inside the structure of the own object in the database, following a hierarchy of

level and sub-levels. The pattern adopted by EFSA would often not be the same adopted

by PIF regarding the structure of this set of variables, resulting in databases that have

completely different ways of storing their data, in structural terms.

Figure 4.2 and Figure 4.3 show an example of this structural incompatibility. In

Figure 4.2 is possible to see how the set of variables regarding PackStatus, are organized

following a structure with only one level, that is, not having nested objects; in Figure 4.3

the structure used by EFSA has two levels, having the presence of nested objects. This

compatibility issue results in a need for refactoring the structure used by PIF and adapting

the system on all its fronts (back-end and front-end) to handle this new structure.

Figure 4.2: PIF PackStatus structure
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Figure 4.3: EFSA PackStatus structure

Some of the objects of the PIF database offered more or less flexibility, so to say,

regarding changes and refactoring, the same goes for the structure implemented in the

front-end and the back-end. The example depicted in Figure 4.2, shows an object that

has low flexibility, given the use of arrays for rendering the options inside the drop-down

menus this object is responsible for, making it difficult to add more levels to the objects.

Another relevant issue regarding the incompatibility is how changes in the database,

aiming to address the incompatibility, can impact the system fronts. Using the example

from Figure 4.2, the PIF front-end was designed to request and deal with the request, of

an object that has an array of fields. Changing the structure of the object simply by using

a nested object instead of the previous pattern, would fix the problem in the database,

but would resulted immediately in a problem in the front-end.

4.4 Compatibility issue related to the codes

Every variable in the EFSA database has a unique code linked to it, in their system

the user can search both for the desired name or the code related to this desired name.

To provide compatibility between EFSA and PIF database is also necessary to provide

this same feature, that is, allow the user to search in the PIF database using the EFSA

codes. The complexity of approaching this problem is proportional to the complexity of

the structures present in the PIF application.

Table 4.2 illustrates a set of EFSA variables and their respective codes. The problem

related to the codes can be understood similarly to the one related to the structure, in a
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way that only refactoring the database would not fix the problem, as the front-end and

the back-end might not deal with the new proposed structure. To fully understand the

dimension of this issue is necessary to understand how a solution for this issue would have

to approach different aspect within the application; a solution that makes both databases

compatible and at the same time allow the user to have the same functionally in the PIF

application as the one present in the EFSA system.

Table 4.2: ESFA Codes

EFSA Code EFSA Variable

RF-00000006-MCG Bacillus cereus

RF-00000042-MCG Campylobacter

RF-00000082-MCG Clostridium perfringens

RF-00000251-MCG Listeria monocytogenes

RF-00000304-MCG Salmonella

RF-00003852-MCG Staphylococcus aureus

RF-00000132-MCG Shiga toxin-producing Es-

cherichia coli (STEC)

RF-00002538-MCG Yersinia enterocolitica

4.5 Proposed solution

4.5.1 Document structure diagrams

According to [21] the database per se operates more as warehouses where data related

to specific things can be stored. In this sense, the use of document structure diagrams

or visual data models plays an important role in the understanding of a database, they

provide a graphical representation that makes it easier to understand the behavior behind

the entities of a database.
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Usually, the approach used for document structure diagrams involves first conceptu-

alizing the structure and content of a database and then building it, in this sense, the

approach used in this thesis worked differently. The PIF and EFSA data were already

built, thus the use of the diagrams was mainly to provide additional insights regarding the

entities of each database and their relationships. Fully understanding the behavior of a

database is an important step before implementing any sort of migration or restructuring.

4.5.2 Data migration

Considering the challenges described in the previous sections, it becomes clear that there

is a requirement for data migration. To begin with, it is important to understand the

definition of data migration, as explained by [11]. The process of data migration can be

understood as the preparation, transformation, and permanent movement of data to a

certain stage, this process also entails the permanent shutting down of the old storage

system. Furthermore, the data migration is aimed to be a one-off movement, being an

action that is supposed to happen once and not regularly, similar to a one-way trip with

no return [11].

Nowadays there are countless tools capable of performing the data migration process.

Keeping in mind that the PIF application works with the non-relational database Mon-

goDB gives a broad range of suitable solutions for the given problem. Using the interface

provided by the Mongo Compass is possible to interact and migrate data, but the interface

per se does not provide good support regarding bigger changes in a database structure.

Understanding the scenario described is fundamental to thinking about a solution that

can work with MongoDB but with a more robust interface to provide more support re-

garding data migrations. One of the most widely programming languages used nowadays,

python, provides a friendly interaction with a non-relational database and an environment

for the development of migrations scripts. With the use of Python, it is also possible to

create a ground structure for the entities that will be manipulated in the data migration,

given a more organized and easy-to-read migration script.
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4.5.3 Compatibility system

The concept of developing a compatibility system aims to address potential issues that

may remain unresolved through data migration. Considering the conditions at hand,

even with the use of data migration, some changes can be beyond the possible scope of

an application, requiring a complete rebuild of it to fit a given requirement. In this sense,

rebuilding an application to fit a change requirement might not be the best approach

regarding feasibility and time, making the compatibility system an interesting approach.
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Development

Firstly, before any process of data migration is carried on, is important to understand

how the database changes were agreed between EFSA and PIF. The team of researchers

responsible for thinking about PIF structures and variables would consume the EFSA

system, understand their pattern, and then elaborate on a solution that would enable

the PIF application to be adequate for the EFSA system. The EFSA system works with

many catalogs for displaying the data, each catalog with a slightly different hierarchy

regarding their variables, in this first stage, the PIF researcher would choose the catalog

with better changes of match and then elaborate a protocol to present to EFSA.

Once the protocol was elaborated, the PIF team would have a meeting with the EFSA

members to present the new proposal for changes, once this proposal was approved by

EFSA, the process of data migration could then be finally carried out. This process of

elaborating a protocol and having a meeting to validate it would be repeated throughout

the execution of the project till the PIF database was completed and migrated to the

EFSA standards. As an integrated of the PIF team, I also participated in the meetings

and showed the results regarding the changing progress while they were being executed.

The Annex A shows one of the protocols elaborated by the PIF team to be presented

in the EFSA meeting. In this protocol, some other matters are also negotiated, as the

terms conventions related to papers search, in a later section is possible to see the pro-

posed change regarding the database. One example of the annex is the variable Food

55
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Origin which to meet EFSA requirements should be renamed to Country of Origin; other

than that, the EFSA also demanded to add a new variable associated called Country of

Sampling. Often the change in a variable name would result in its change within their

structure but also within each one of the previous records, at the point of executing this

master thesis, the PIF database had around six thousand records already inserted, making

it not viable to change all data manually.

5.1 Document structure diagrams

Despite the literature review carried out and the initial idea of using ontologies, they

were not used during the development of the project. This was mainly because the new

structure for the PIF database was not developed by this thesis, but rather extensively

by PIF researchers on their own. Thus, in this context, the work of this thesis was to

understand the new structure and then make the necessary changes.

In this sense, document structure diagrams were used extensively to facilitate under-

standing of the new and old structures of the PIF database. Although these graphical

representations are not ontologies, as they do not contain the properties or roles compo-

nent within the three fundamental components of an ontology, they played an important

role in carrying out the data migration process. The graphical representations in ques-

tion, both those developed by the PIF researchers and those developed in the body of

this thesis, were fundamental for a better understanding of the database and the changes

that would follow with its structures.

Throughout the data migration process, graphical representations played a significant

role. They were used to initially comprehend the required changes and subsequently

formulate change proposals. Figure 5.1 shows an graphical representations formulated to

display the EFSA legume structure, with data making more clear how EFSA structure

regarding legume works. This same process was reacted to all food-related structures and

also to the migration part involving structure refactoring.

As shown in Figure 5.1, the created graphical representations used a system of colors
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to identify the inner levels of the structure and make it easier to match the same levels

and the new proposed structure. In this sense, the orange color was used to represent

the outermost level, called in the PIF database by Category; the yellow color to represent

the subsequent level after it, called SubCategory; the blue color to represent the next

subsequent level called FoodClass and, the green color to represent the last level called

FoodSubClass. During the process, it was decided to limit the use of just 4 levels to

facilitate the process of conceptualizing the structures.

Figure 5.1: EFSA legume structure graphical representation

There was a large number of catalogs, it was up to researchers from the PIF team to

analyze the different catalogs with different structures and come up with an ideal structure

that could be implemented, once this structure was thought out, it was discussed in a

meeting and then given - the migration process from the old structure to the new structure

begins. Figure 5.2 shows the proposed structure for legumes. Another worth noticing is

the division of the structure into sections, given the enormous side of the structure as a

whole, making it easier to formulate changes and discuss them.

Furthermore, after the process of the proposal of a new structure, the process of

implementation of the new structure also relies on the use of an representations to display
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the JSON object present in the database graphically. By using that was possible to have

a better understanding of the structures that would be changed and their relationship

with other structures in the database. This process held particular significance because,

unlike the graphical representation depicted in Figure 5.1 and Figure X1, the graphical

representations developed during the implementation phase and utilized throughout the

thesis were constructed from JSON objects.

Figure 5.2: Graphical representations for new structure of Legumes

5.2 Data migration

5.2.1 Migration script

Once the agreement between EFSA and PIF was already set, was possible to start the

database migration. For a great part of the process, a script of migration was developed

to be executed and migrate all the PIF databases into an EFSA standard. First of all, it is

relevant to understand the structure of the script responsible for the database migrations

and then later its function.
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Aiming to promote a greater degree of understanding, the script was developed fol-

lowing a class model, where each one of the collections in the database would have a

respective class in the script. Listing 5.1 illustrated the class responsible for the collection

bacteria, the methods and functions implemented by this class are mirrored by the classes

related to virus and parasite. Analyzing Listing 5.1 is possible to see the two methods

present in this class, when one then responsible for updating keys in the collection and

another one is responsible for updating values.

In the initial stages of code development, it was a challenging to anticipate the full

extent of the implementations that would later be integrated into the PIF database, once

the changes were being agreed in the process of development of the thesis. Keeping that

in mind, the class structure of the migration script was thought to allow for changes and

further development. In a later stage of the development of the script, all the classes were

rethought and reformulated to allow a more generic solution that could be also applied

in different databases with different scenarios.

Listing 5.1: Bacteria class

c l a s s Bacte r i a :

de f __init__( s e l f , ur i , database ) : . . .

de f update_value_co l l ect ion ( s e l f , key , value , new_value ) :

i f va lue == new_value :

r e turn

s e l f . db_co l l e c t i on . update_many (

{key : va lue } ,

{" $ s e t " : {key : new_value }})

de f update_key_col lect ion ( s e l f , key , new_key ) :

i f key == new_key :
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r e turn

s e l f . db_co l l e c t i on . update_many (

{} ,

{" $rename " : {key : new_key}})

Following the same class model, the structural collections in the database also have

a corresponding class in the migration script. In the first stage of development, the

classes responsible for the three main structural collections (bacterial structure, parasite

structure, and virus structure) were separated into three different classes; in a future

review, the three classes could be represented using only one generic class.

Listing 5.2 shows the code implemented for the class BacteriaStruct. In the evolution

of the script, more methods were implemented in this class to allow it to handle new

requirements. Overall, the change of a variable was executed using the structural class,

to change the way the variable is written in the database, and then the non-structural

class, to change all the records in retrospect that had the variable old name still.

Listing 5.2: Bacteria Structure class

c l a s s Bac t e r i aS t ruc t :

de f __init__( s e l f , ur i , database ) : . . .

de f update_key_col lect ion ( s e l f , object_id , key , new_key ) :

s e l f . db_co l l e c t i on . update_one (

{" _id " : object_id } ,

{" $rename " : {key : new_key}})

de f i n s e r t_key_co l l e c t i on ( s e l f , object_id , key ,

key_value=None ) :

object_id = ObjectId ( object_id )



5.2. DATA MIGRATION 61

s e l f . db_co l l e c t i on . update_one (

{" _id " : object_id } ,

{" $ s e t " : {key : key_value }})

de f remove_key_col lect ion ( s e l f , object_id , key ) :

object_id = ObjectId ( object_id )

s e l f . db_co l l e c t i on . update_one (

{" _id " : object_id } ,

{" $unset " : {key : " " } } )

Listing 5.3 shows the first lines of the migration script. Analyzing Listing 5.3 makes it

possible to see how the classes related to bacteria and bacteria structure are instantiated.

Another relevant factor is that the implemented classes have a constructor that asks

for two parameters: uri and database. This feature was especially useful through the

development of the script to allow a quick change in the database that the script would

run; changing the variable database would make the script run a different local database.

Listing 5.3: Class instantiation

u r i = "mongodb :// l o c a l h o s t : 27017 "

database = " pathogensDB "

bac t e r i a_s t ruc t = Bact e r i aS t ruc t ( ur i , database )

b a c t e r i a = Bacte r i a ( ur i , database )

Another noteworthy aspect, is the creation of variables responsible for the called

"trees", as depicted in Listing 5.4. They showed that "trees" are records inside the struc-

tural collections of the database, these records were manipulated when a variable needed

to be changed or a new variable needed to be added or removed; in later development,

some of the records (trees) also need to be completed remodeled to adapt to new require-

ments.
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Listing 5.4: Database trees

bacteria_main_tree = ’5 f54602de9704b205cbdbe06 ’

bac t e r i a_gene ra l_re su l t s = ’5 f315d7c3d418525e0385fa3 ’

b a c t e r i a s = ’5 f3160623d418525e0385fa8 ’

Finally, Listing 5.5 shows how the migration script was developed using the methods

inside the created classes. In the first line the method update value collection, from the

Bacteria class, is used to change the value of the "Bacterium" variable in all the records

in the database. In this specific case, was only relevant to change the value inside the

variable Bacterium from Bacillus to Bacillus cereus, not being necessary to change its

key.

Different from the methods in the non-structural classes, the methods inside the struc-

tural classes always need additional parameters: the tree. In the non-structural classes,

all methods were designed to be executed on all the records within their respective col-

lections in the database; whereas within the structural classes, the methods were created

to update individual records (trees).

In Listing 5.5 it is evident the working of the update key collection method. In this

case, the variable FoodOrigin will be renamed to CountryOfSampling but only within

the bacteria main tree which is the most important record inside the bacteria structural

collection in the database.

It is worth noting that the need for changing the variable key or value was intrinsically

linked to the way the PIF application was developed. In some cases the information shown

to the user was collected from the variable value in some other cases was collected from

the variable key.

Listing 5.5: Class methods

b a c t e r i a . update_value_co l l ect ion (

" Bacterium " ,
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" B a c i l l u s " ,

" B a c i l l u s c e r eus "

)

bac t e r i a_s t ruc t . update_key_col lect ion (

bacteria_main_tree ,

" FoodOrigin " ,

" CountryOfSampling "

)

After understanding the migration script, it is also important to understand the tech-

nical part of the process. In the migration process, the script was executed in a local

version of the database and then uploaded directly to the server. Before being updated

to the server the new version of the database underwent testing in a local version of the

back-end and the front-end of the PIF application.

In the advanced stages of development, the migration script and its associated classes

underwent a refactoring process. Listing 5.6 shows how the refactoring process happened.

The first point to be noted is the class MultiRecordUpdater which is a generic class used

to substitute Bacteria, Virus and Parasite classes; within this new class is possible to

choose the collection used by the class while instantiating the class, passing an additional

parameter in class constructor.

Listing 5.6: Migration script refactoring

with open ( " bacter ia_updates . j s on " , " r " ) as j s o n _ f i l e :

bacter ia_updates = j son . load ( j s o n _ f i l e )

b a c t e r i a = MultiRecordUpdater ( ur i , database , " b a c t e r i a " )

f o r key , value , new_value in bacter ia_updates :
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b a c t e r i a . update_value_co l l ect ion ( key , value , new_value )

Another worth noticing point is the use of JSON files and loops in the new version of

the migration script. The idea behind such use is to prevent the repetition of lines and

provide a more clean code. In the example illustrated in Listing 5.6, the method update

value collection is called inside the for loop and executed for all the lines inside the JSON

object. Listing 5.7 shows what the JSON object used in the previous example looks like.

Listing 5.7: Json for the migration script

[

[ " Bacterium " , " B a c i l l u s " , " B a c i l l u s c e r eus " ] ,

[ " Bacterium " , "Campy" , " Campylobacter " ] ,

[ " Bacterium " , " Clost r id ium " , " Clost r id ium p e r f r i n g e n s " ] ,

. . .

]

5.2.2 Side scripts

Despite the effectiveness of the migration script for a great part of the migration process,

the same could not be used when it came to migrating the structural food collection in

the database. For this specific migration was necessary not only to change, add, and

remove variables but also to refactor the structure inside the collection. In this way the

migration script was executed mainly to the collections related to the agents (structural

and non-structural), and sides scrips were developed to deal with the migration of the

food-related variables.

The process for migrating the food-related collection was done in two parts, the first

one was the manual refactoring of the old structure; the second part was the update of

the recorded data in the database to meet the new structure. Before looking at how the

scripts were developed, it is important to understand how these changes were accorded
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with between PIF and EFSA, and how the changes should be carried out.

Figure 5.3 depicts a section of the new proposed structure to meet EFSA requirements.

Once the researcher analyzed the old PIF structure and what would be necessary to

change to meet the requirements, they would create a document that would depict the

new structure so that could be shown in a meeting and approved for changes. Once this

change was approved the migration process could then move on.

Figure 5.3: New proposed structure

Figure 5.4 shows the migration rules related to the record data in the PIF database;

upon these rules, the side scripts could be developed to make the stored data meet the new

structure. Listing 5.8 illustrates how the side scrip was developed to meet the migration

rules shown in Figure 5.3.

Figure 5.4: Migration rules

It is important to understand, that at this point in the migration process, the new

structures added a much broader range of categories and subcategories within the trees,
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making it sometimes impossible to migrate the old stored data to the new proposed form

directly. In this way, the variable label was used extensively, as this variable contains

information related to the inserted record that could be used in the data migration.

The drawback associated with this variable was that it was inserted by an open field in

the front end, making it necessary to create a regex pattern to read this data and change

the record. Often the value of the variable label would have grammatical variations of

writing, making it necessary to formulate a new regex for each subcategory inside a given

category in the food structure.

Listing 5.8: Food related migration script

f o r document in c o l l e c t i o n . f i nd (

{" Category " : " Dairy " ,

" SubCategory " : " Cheese " ,

" Label " : {" $regex " : " f r e s h " , " $opt ions " : " i " } } ) :

old_food_sub_class = document . get ( " FoodSubClass " )

o ld_food_class_spec ie = document . get ( " FoodClassSpecie " )

c o l l e c t i o n . update_one ({ " _id " : document [ " _id " ] } , {" $ s e t " : {

" Category " : " Milk and milk products ( da i ry ) " ,

" SubCategory " : " Cheese " ,

" FoodClass " : " Fresh uncured cheese " ,

" FoodSubClass " : old_food_sub_class or "NA" ,

" FoodClassSpec ie " : o ld_food_class_spec ie or "NA"

}})

5.2.3 Manual migration

As each structure behaved differently from the other and as the changes were not made

as a whole, involving all structures at once, but rather progressively, it was very difficult
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to propose a script to solve this problem. In this case, the new structures were rewritten

using a text editor to help correct possible errors with the JSON object and re-inserted into

the database manually; once inserted, the structures were tested with the local versions

of the back-end and front-end for later uploading to the server.

After approval of the proposed new structure by EFSA, the process of writing the new

structure could begin. Figure 5.5 and Figure 5.6 show a fragment, in the new and old

format, of the structure related to dairy. It is possible to understand that both structures

remained with four levels, but the organization of these levels was completely remodeled.

Figure 5.5: New dairy structure
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Figure 5.6: Old dairy structure

5.3 Compatibility system

The compatibility system was created to address the issue related to the EFSA codes.

Each variable in the EFSA system has also a respective code associated with it, which

would make it necessary for the PIF application to incorporate the code system to provide

a full migration with the EFSA system. To approach this problem a new page was created

in the PIF application that allows the user to perform searches using the EFSA codes.

It is important to mention that the changes mentioned in this section were also ac-

corded with EFSA; so it was requested from them that the search by their codes should

be possible within the PIF application. Having that in mind, the proposed solution aims

to fulfill the EFSA requirements and have the minimum impact on the database.

One possible solution for the EFSA code issue would be the creation of a new column

for each code associated with a variable, this solution would duplicate the number of

columns in the table of the PIF application. Considering the significant impact this change

would have on the database, the PIF team looked for a solution that could effectively

address the issue while minimizing its impact on the database.
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Figure 5.7: PIF navigation bar

Figure 5.7 shows the option in the navigation bar responsible for the compatibility

system caller Search EFSA. Every one of the agents (bacteria, parasite, virus) in the

PIF application would have its own Search EFSA page, following the decentralized logic

behind the application. The behavior associated with the Search EFSA page is similar

to the behavior of the Search page, present in the PIF application, already explained.

Each one of the options illustrated in Figure 5.7 executed actions only in the collections

respective to their agents.

Figure 5.8: Search EFSA page

Figure 5.8 depicts the interface of the Search EFSA page. In Figure 5.8 is possible to

understand how the system works: the user inserts a code in the Enter EFSA code box

and then presses the button search; the search will return in the boxes PIF Label and
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PIF Value the respective variable for the given code and then the table with the values

related to the searched code are rendered. Figure 5.9 shows how the query related to the

given code is sent to the back-end.

Figure 5.9: Search EFSA page query

Figure 5.10: Compatibility object array

It is worth noticing in Figure 5.9 that the query executed by the back-end in the

database is always with the PIF term and not with the actual code, this feature is given

exactly thanks to the compatibility system that executes the conversion of the EFSA
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code into a PIF term. Figure 5.10 shows the array of objects behind the compatibility

system, in this context is fundamental to understand the behavior of this array and the

code behind its performance.

Noteworthy in Figure 5.10 is how the array of code is structured. The array is com-

posed of objects, and each object is responsible for mapping a given variable in the PIF

application with the related EFSA codes. As an example, the object with the Label Sam-

plingStage is responsible for mapping the PIF variable SamplingStage; this variable can

assume three different values in the PIF application: PrimaryProduction, Manufacturing

or Distribution, each one of those possible values are mapped to different codes.

The solution proposed for the compatibility system is based on a JavaScript pattern

called Lookup Tables. As stated by Zakas (2010) the use of this pattern provides a faster

and easier-to-read code, especially in cases where the use of if-else or switch statements

would result in an immense number of conditionals. In this context, using an array of

objects to deal with conditional works better and faster than any other method.

According to Myalapalli and Karri (2015), the use of the Lookup Tables pattern can

also be understood as an optimizing tool in the front-end of the application. In accordance

with Myalapalli and Karri (2015) the use of Lookup Tables is particularly effective when

assigning a single key to a single value, which is precisely the solution approached by the

compatibility system.

Listing 5.9 shows the function responsible for implementing the logic of the Lookup

Tables in the front end of the application. As is notable in Listing 5.9, the function

iterates over the codes array, providing the value corresponding to the key. Listing 5.10

shows the useState responsible for receiving the codes array, once the Seach EFSA page

is loaded, thanks to the use of a useEffect, the back-end API is called and the codes array

is populated; with the codes array already populated, any time the user use the search

button, the iterating with the objects inside the array can happen.

Listing 5.9: The handleCodeEFSA function
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const handleCodeEFSA = ( data ) => {

f o r ( l e t i = 0 ; i < codes . l ength ; i++) {

const codeObject = codes [ i ] ;

const codeObjectLabel = codeObject . Label ;

i f ( codeObject . hasOwnProperty ( data ) ) {

re turn {

[ codeObjectLabel ] : codeObject [ data ] ,

type : searchType

} ;

}

}

re turn { type : searchType } ;

} ;

Listing 5.10: Codes useState

const [ codes , setCodes ] = useState ( [ ] ) ;

5.3.1 Compatibility system side implementation

The logic behind implementing the Lookup tables pattern in the compatibility system

could extend its applicability to resolving minor issues in other areas of the data migration

process. For the data migration of the the food-related variables, the structure responsible

for the Aquatic based food needed to be refactored; in the refactoring process two new

variables need to be inserted in the new structure, both related to the same subject.

In accordance with the PIF team, it was decided to only insert one variable in the

database, and then map its value to another matching variable. The variables in question
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relate to the common and scientific names of aquatic animals, Figure 5.11 shows part

of the object responsible for performing the match between the scientific name and the

common name of a given aquatic animal. In this approach, only the scientific name related

to the given animal is inserted in the database.

In this context, it is important to understand the motivation behind this present

implementation. In an analysis by the PIF was understood that every study that is read

for future insertion in the database always has their animals given by the scientific name,

consequently, it would be reasonable to only insert the scientific name in the database.

Nonetheless, as the PIF application is open for new users, the use only of the scientific

name could result in the struggle of a non-trained person in searching data.

In this way, as shown in Figure 5.12, a compatibility box was taught to give the user

a hint regarding the animal’s common name. The Common Name box depicted in Figure

5.12 has a conditional rendering associated with the Aquatic based food category and its

inner level FoodClassSpecie, in this way, this box is only shown in the front-end for this

specific case, as required by implementation requirements. Once the compatibility box

is rendered, for each value selected by the user for FoodClassSpecie a matching common

name will be displayed in the Common Name box.

Figure 5.11: Compatibility object
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Figure 5.12: Compatibility box



Chapter 6

Results

It’s important to understand that, although within the scope of the thesis, this chapter

is reserved for the discussion and testing of the results developed in the thesis, the ap-

proach within the scope of this thesis took place somewhat differently. The results of the

migration process carried out by this thesis were gradually executed, exposed, and tested

by both the PIF team and the EFSA group during the development of the thesis itself.

These iterations validate the capability of the proposed solution to address the requested

problems. Within the scope of thesis execution, one can then conceive a methodology

for the migration of a database composed of three levels: Understanding of structures,

Formulation of the migration script, and Compatibility system.

As a result of these efforts, all data in the PIF database has been successfully trans-

formed to adhere to the EFSA standard. This migration encompassed a total of 5.852

records, including 5.924 records related to bacteria, 303 records related to parasites, and

625 records related to viruses, aligning with the compatibility proposal’s requirements.

6.1 Understanding of structures

Analyzing the execution of the thesis makes it clear the importance behind understanding

the structures of both databases before the data migration process. On one hand, under-

standing the structures of a database, even in isolation without considering any migration,
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is already relevant within the comprehension of an application. The structures present in

a database can be seen as the foundations of an application, so their understanding also

provides a much deeper insight into the overall functioning of the application, both in the

back-end and the front-end.

From another perspective, understanding the structures of a different database that

addresses the same subject promotes insights into the organization of your own database.

The process of analyzing the structure of an external database, especially in the case of

EFSA, where there were various different structures (due to the use of different cata-

logs), and determining which structure would be more suitable for matching with your

database, is a process that creates insights and broadens knowledge. Finally, in a last

analysis, rethinking the original structure of your database to enable the match with a

new structure, following the constraints established by the migration process, such as the

limit of four levels for the new PIF structures, also provides powerful insights.

6.2 Formulation of the migration script

The subsequent step after understanding the structures is actually carrying out the migra-

tion of these structures. In this context, the classes created and the execution structure

used in this thesis offer the possibility of implementation in other databases. With the

refactoring of the migration script, as described in previous chapters, it now exhibits

a generic behavior that can be executed in other databases with only changes to the

parameters used for the class methods.

In Annex A, where the migration script is described, it is possible to notice two

classes: MultiRecordUpdater and SingleRecordUpdater. By using these two classes, it is

possible, with the use of a Python script, to manipulate any variables within a MongoDB

database. The MultiRecordUpdater class operates with the updateMany method present

in MongoDB, performing updates on multiple documents at once. On the other hand,

the SingleRecordUpdater class operates with the MongoDB updateOne method, updating

one document at a time.
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Given the creation of the writing classes, the migration script proposed by this thesis

also offers ways to use the methods of these classes to reduce code repetition and increase

readability. The class methods provided by MultiRecordUpdater and SingleRecordUpdater

can be used in conjunction with loops and external JSON files. This solution allows a

method to be written only once, and its parameters are consumed from the external JSON

file and changed as the loop is executed, making each line of the external JSON file an

execution for the given method. Another execution approach present within the migration

script (Annex B) is the use of functions to update different entities with common values.

6.3 Compatibility System

The solution proposed by the compatibility system offers a viable option for converting

parameters between databases without undergoing any actual data migration process; it

functions as a conversion system. This solution is applicable not only in the context of

data migration but also in the context of application enhancement, where changing the

database may not be a feasible option. In the development of the compatibility system

for this thesis, as explained in a previous section, the development was based on what

was requested by EFSA and what was agreed upon among the PIF members.

In this sense, the compatibility system can be understood as the final phase in the

process of converting the PIF database into the patterns imposed by EFSA. The system

enables the PIF application to function as intended, meeting its own objectives, and

also provides additional features to align with EFSA standards. A user who accesses

the EFSA system and can search for terms by code can perform the same search in the

PIF system using the same codes and obtain results with the same nomenclature as the

EFSA standard, thanks to a collaborative solution between the migration script and the

compatibility system.



78 CHAPTER 6. RESULTS

6.4 Addressed Issues

In this context, it is possible to understand how the three compatibility issues described,

namely, Compatibility issue related to different variable names, Compatibility issue related

to different hierarchy, and Compatibility issue related to the codes, were tackled by the

thesis. However, they sometimes deviated from the initial objectives proposed. In the

proposal stage of the thesis, it was expected that the execution of the thesis work would

be done in stages. Still, what happened in reality was a continuous execution of small

changes throughout the thesis work.

Within the scope of the executed changes, they were conceived during the execution of

the thesis, meaning that the data migration proposals did not cover the entire application

at the beginning of the thesis. During the months of thesis execution, proposals for

changes to the database were created and subsequently discussed in meetings with EFSA.

Therefore, the initial idea of using machine learning for data migration proved ineffective

because the changes had to be executed within a short period, and there would be no

significant sample for training. Another relevant point is that it was not possible to predict

to what extent the structure of PIF should be altered to meet EFSA’s requirements.

Therefore, the proposed migration models (migration script and compatibility system)

were created to allow scalability when necessary.

Despite the proposed migration models enabling some scalability and meeting EFSA’s

requirements regarding database migration, they also have limitations. In the context of

a database migration where there is a general understanding of all the implementations

needed from the very beginning, it is worth considering a solution that can address more

problems at once. The solution presented in this thesis works well, especially for small

and medium-sized migrations, where the number of variables and migrated structures is

not excessive, and the object array for the compatibility system is not too long.

In a scenario with a high number of variables to migrate, as well as the need to rewrite

new structures, it is worth thinking about a solution that can address both issues at once

or handle a greater number of modifications with fewer lines of code. The final migration
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script of the thesis consists of 167 lines of code, which would scale up quickly if the number

of migrated variables were larger or if there were more entities involved.

Another point is the rewriting of data structures in the database to comply with

EFSA’s requirements. As explained in previous sections, there were times when it was

necessary to not only change the value or key related to a variable but also its structure.

Within the scope of this thesis, these changes were made manually, with the assistance of

only a text editor, to correct errors in the structuring of the new JSON object. Looking

at a larger scope, for a large-scale modification with a significantly larger number of

structures, the approach used in this thesis would not be ideal.

Yet another point concerns the compatibility system. Given the quantity of EFSA

codes and related variables, the system functions satisfactorily. However, if the number

of variables and codes were much larger, the object array responsible for the matching

would grow significantly. This implies two evident problems: slower processing by the

compatibility system due to a very large array and difficulties in maintaining and correct-

ing this array in the future. For this reason, it is thought that in a system that requires

a very large number of code-variable relationships, direct insertion of new columns into

the database may be a better solution, aiming to facilitate maintenance and improve

performance.
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Conclusion and Future Work

In conclusion, this thesis addressed the migration of the PIF database to the standard

adopted by EFSA, aiming to make the PIF application fully compatible with EFSA’s.

Within the scope of this thesis, compatibility issues between the databases were compre-

hensively addressed, resulting in a new version not only of the PIF database but also of

the entire application. The development of the new version of the PIF database and the

application as a whole not only met the established migration requirements but also pro-

vided a better understanding of the PIF application in all its facets: front-end, back-end,

and the database.

In the context of enabling future changes if necessary or another migration process,

the developed script is capable of handling such migrations, provided they are on a similar

scale to that undertaken within this thesis. It is understood that the compatibility system

developed also allows for scalability. These scalability features are crucial in modern

application development solutions, given the rapidly changing demands of applications in

today’s landscape. Additionally, in case EFSA’s adopted standards undergo changes, the

developed solutions are capable of handling refactoring.

Considering the difficulties encountered during the execution of the thesis, one can

think of a problem that directly affected the PIF team responsible for conceptualizing the

new structures, especially those related to food. It is understood that, given the literature

review in the field of ontologies for food, although there are indeed well-known and widely
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popularized standards, there is still no mandatory standard to be followed. Thus, there

is still room for disagreement among researchers regarding the structuring of a unified

ontology for food. In this context, thinking about an unified ontology that can be used

as a universal standard would be of great relevance within the field.

Within the spectrum of ontologies, we can also think of many other future applications.

Even after the data migration process and compatibility between the PIF and EFSA

databases, it is still possible to think about the process of improving the structures used

for future refactoring. In this context, the use of ontologies can play an important role in

the process of rethinking the current structures and proposing changes that in some way

improve the current context even further.

Another relevant topic for future work would be the use of machine learning. During

the thesis, a great deal of information was gathered about both the PIF and EFSA

databases, and it was possible to gain a better understanding of how the PIF database

works, how the entities in it are related, which are the most important variables and

collections in the database, as well as various other pieces of information. In this sense,

this information would be of great value to machine learning algorithms for a wide variety

of applications.

Thinking about possible applications for the use of machine learning within the in-

formation obtained, it is possible to think about the use of algorithms to analyze the

structures present in the PIF database in order to propose possible improvements. Other

relevant data are the records already entered in the database relating to food-borne

pathogens. This data opens doors not only for the use of machine learning but also

for the use of data analysis.

Still, within the area of machine learning, another possible application would be the

use of algorithms to automate the data migration process. With the current knowledge of

the structures involved in the PIF database and the structures in the EFSA database, as

well as the knowledge of all the variables and entities that have undergone the migration

process, it would be possible to think of a possible automated data migration process.

In conclusion, it can be understood that the processes and solutions described in this
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thesis address the proposed problems and allow for the scalability of these solutions. How-

ever, it is recognized that the scalability of any solution is limited by its own conditions.
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Appendix B

Migrations script

Listing B.1: Main migration script

1 from multiRecordUpdater import MultiRecordUpdater

2 from singleRecordUpdater import SingleRecordUpdater

3 import json

4

5

6 uri = "mongodb :// localhost :27017"

7 database = "pathogensDB"

8

9 """

10 bacteria

11 """

12 with open("bacteria_updates.json", "r") as json_file:

13 bacteria_updates = json.load(json_file)

14

15 bacteria = MultiRecordUpdater(uri , database , "bacteria")

16

17 for key , value , new_value in bacteria_updates:

89
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18 bacteria.update_value_collection(key , value , new_value)

19

20 """

21 parasite

22 """

23 parasite = MultiRecordUpdater(uri , database , "parasite")

24

25 """

26 virus

27 """

28 virus = MultiRecordUpdater(uri , database , "virus")

29

30 virus.update_value_collection("Virus", "Hepatitis␣A␣(HAV)", "

Hepatovirus␣A")

31 virus.update_value_collection("Virus", "Hepatitis␣E␣(HEV)", "

Orthohepevirus␣A")

32 virus.update_value_collection("Count.EssayEnum", "ISO␣

15216:2017", "ISO␣15216 -1:2017␣Hepatitis␣A␣virus␣and␣

norovirus")

33 virus.update_value_collection("Prevalence.EssayDet", "ISO/TS␣

15216:2013", "ISO␣15216 -2:2013␣Hepatitis␣A␣virus␣and␣

norovirus")

34 virus.update_value_collection("Prevalence.EssayDet", "ISO␣

15216:2019", "ISO␣15216 -2:2019␣(Hepatitis␣A␣&␣norovirus)")

35

36 """

37 common update different agents

38 """

39
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40 def common_update_different_agents(updater):

41 updater.update_value_collection("Stage", "Farm", "Farm")

42 updater.update_value_collection("Stage", "MidProcessing",

"Manufacturing")

43 updater.update_value_collection("Stage", "EndProcessing",

"Storage")

44 updater.update_value_collection("Stage", "Retail", "

Retail")

45 updater.update_value_collection("Stage", "Restauration",

"Restaurant")

46 updater.update_key_collection("FoodOrigin", "

CountryOfSampling")

47 updater.update_key_collection("Stage", "SamplingStage")

48 updater.update_key_collection("NSamples", "

TotalUnitsTested")

49 updater.update_key_collection("HeatTreatedCheese", "

FoodSubClass")

50

51 common_update_different_agents(bacteria)

52 common_update_different_agents(parasite)

53 common_update_different_agents(virus)

54

55 """

56 bacteria_struct

57 """

58 bacteria_struct = SingleRecordUpdater(uri , database , "

bacteria_struct")

59

60 bacteria_main_tree = "5f54602de9704b205cbdbe06"
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61 bacteria_general_results = "5f315d7c3d418525e0385fa3"

62

63 with open("bacteria_struct_update_key_collection.json", "r")

as json_file:

64 bacteria_struct_update_key_collection = json.load(

json_file)

65 for object_id , key , new_key in

bacteria_struct_update_key_collection:

66 bacteria_struct.update_key_collection(object_id , key ,

new_key)

67

68

69 bacteria_struct.insert_key_collection(bacteria_main_tree , "

OrganSampled")

70 bacteria_struct.insert_key_collection(bacteria_main_tree , "

NSamplesIsolated")

71 bacteria_struct.insert_key_collection(bacteria_main_tree , "

CountryOfOrigin")

72 bacteria_struct.insert_key_collection(bacteria_main_tree , "

PackStatusType")

73 bacteria_struct.insert_key_collection(bacteria_main_tree , "

Distribution")

74 bacteria_struct.insert_key_collection(bacteria_main_tree , "

PrimaryProduction")

75 bacteria_struct.insert_key_collection(bacteria_main_tree , "

FoodSubClass")

76
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77 bacteria_struct.update_nested_key_value_collection(

bacteria_general_results , "NSamples.label", "Total␣units␣

tested")

78

79

80 with open("bacteria_struct_update_nested_key_collection.json"

, "r") as json_file:

81 bacteria_struct_update_nested_key_collection = json.load(

json_file)

82 for object_id , old_key_path , new_key_path in

bacteria_struct_update_nested_key_collection:

83 bacteria_struct.update_nested_key_collection(object_id ,

old_key_path , new_key_path)

84

85

86 with open("

bacteria_struct_insert_insert_nested_key_collection.json",

"r") as json_file:

87 bacteria_struct_insert_insert_nested_key_collection =

json.load(json_file)

88 for object_id , key_path , new_key_value in

bacteria_struct_insert_insert_nested_key_collection:

89 bacteria_struct.insert_nested_key_collection(object_id ,

key_path , new_key_value)

90

91 """

92 parasite_struct

93 """
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94 parasite_struct = SingleRecordUpdater(uri , database , "

parasite_struct")

95

96 parasite_main_tree = ’5f8e30e1babfbb3f18364f60 ’

97 parasite_general_results = ’5f730806e78a2828f8b3a2df ’

98 parasites = ’5f7307cee78a2828f8b3a2de ’

99

100 parasite_struct.update_key_collection(parasite_main_tree , "

FoodOrigin", "CountryOfSampling")

101 parasite_struct.update_key_collection(parasite_main_tree , "

Stage", "SamplingStage")

102 parasite_struct.update_key_collection(

parasite_general_results , "NSamples", "TotalUnitsTested")

103 parasite_struct.update_key_collection(parasite_main_tree , "

NSamples", "TotalUnitsTested")

104

105 parasite_struct.insert_key_collection(parasite_main_tree , "

CountryOfOrigin")

106 parasite_struct.insert_key_collection(parasite_main_tree , "

PackStatusType")

107 parasite_struct.insert_key_collection(parasite_main_tree , "

Distribution")

108 parasite_struct.insert_key_collection(parasite_main_tree , "

PrimaryProduction")

109 parasite_struct.insert_key_collection(parasite_main_tree , "

FoodSubClass")

110
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111 parasite_struct.update_nested_key_value_collection(

parasite_general_results , "NSamples.label", "Total␣units␣

tested")

112

113 parasite_struct.update_nested_key_collection(parasites , "

Cryptosporidium.EssayDetType.Reference␣methods.ISO␣18744␣

(2016)", "Cryptosporidium.EssayDetType.Reference␣methods.

ISO␣18744:2016␣(Cryptosporidium␣&␣Giardia)")

114 parasite_struct.update_nested_key_collection(parasites , "

Cryptosporidium.EssayDetType.Reference␣methods.ISO␣15553␣

(2006)", "Cryptosporidium.EssayDetType.Reference␣methods.

ISO␣15553:2006␣(Cryptosporidium␣&␣Giardia)")

115 parasite_struct.update_nested_key_collection(parasites , "

Giardia.EssayDetType.Reference␣methods.ISO␣18744:2016␣(IMS

+IFM)␣(produce):␣centrifugation+IMS -CG+IFA", "Giardia.

EssayDetType.Reference␣methods.ISO␣18744:2016␣(

Cryptosporidium␣&␣Giardia)")

116 parasite_struct.update_nested_key_collection(parasites , "

Giardia.EssayDetType.Reference␣methods.ISO␣15553:2006␣(

water)", "Giardia.EssayDetType.Reference␣methods.ISO␣

15553:2006␣(Cryptosporidium␣&␣Giardia)")

117

118 parasite_struct.insert_nested_key_collection(parasites , "

Cryptosporidium.EssayEnumType.Molecular.ISO␣18744:2016␣(

Cryptosporidium␣&␣Giardia)")

119 parasite_struct.insert_nested_key_collection(parasites , "

Cryptosporidium.EssayEnumType.Molecular.ISO␣15553:2006␣(

Cryptosporidium␣&␣Giardia)")
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120 parasite_struct.insert_nested_key_collection(parasites , "

Cryptosporidium.EssayEnumType.Molecular.Other")

121 parasite_struct.insert_nested_key_collection(parasites , "

Giardia.EssayEnumType.Molecular.ISO␣18744:2016␣(

Cryptosporidium␣&␣Giardia)")

122 parasite_struct.insert_nested_key_collection(parasites , "

Giardia.EssayEnumType.Molecular.ISO␣15553:2006␣(

Cryptosporidium␣&␣Giardia)")

123 parasite_struct.insert_nested_key_collection(parasites , "

Giardia.EssayEnumType.Molecular.Other")

124

125

126 """

127 virus_struct

128 """

129 virus_struct = SingleRecordUpdater(uri , database , "

virus_struct")

130

131 virus_main_tree = ’5ffc3f25c32f7210dcddb65a ’

132 virus_general_results = ’5ffc2b80c32f7210dcddb656 ’

133 virus_tree = "5ffc00b7c32f7210dcddb653"

134

135 virus_struct.update_key_collection(virus_main_tree , "

FoodOrigin", "CountryOfSampling")

136 virus_struct.update_key_collection(virus_main_tree , "Stage",

"SamplingStage")

137 virus_struct.update_key_collection(virus_general_results , "

NSamples", "TotalUnitsTested")
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138 virus_struct.update_key_collection(virus_main_tree , "NSamples

", "TotalUnitsTested")

139

140 virus_struct.insert_key_collection(virus_main_tree , "

CountryOfOrigin")

141 virus_struct.insert_key_collection(virus_main_tree , "

PackStatusType")

142 virus_struct.insert_key_collection(virus_main_tree , "

Distribution")

143 virus_struct.insert_key_collection(virus_main_tree , "

PrimaryProduction")

144 virus_struct.insert_key_collection(virus_main_tree , "

FoodSubClass")

145

146 virus_struct.update_nested_key_value_collection(

virus_general_results , "NSamples.label", "Total␣units␣

tested")

147

148 virus_struct.update_multiple_keys("Hepatitis␣A␣(HAV)", "

Hepatovirus␣A")

149 virus_struct.update_multiple_keys("Hepatitis␣E␣(HEV)", "

Orthohepevirus␣A")

150

151 with open("virus_struct_update_nested_key_collection.json", "

r") as json_file:

152 virus_struct_update_nested_key_collection = json.load(

json_file)

153 for object_id , old_key_path , new_key_path in

virus_struct_update_nested_key_collection:
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154 virus_struct.update_nested_key_collection(object_id ,

old_key_path , new_key_path)

155

156 virus_struct.insert_nested_key_collection(virus_tree , "

Hepatovirus␣A.EssayEnumType.Reference␣PCR␣methods.ISO␣

15216 -1:2017/ Amd␣1:2021␣(Hepatitis␣A␣&␣norovirus)")

157 virus_struct.insert_nested_key_collection(virus_tree , "

Norovirus.EssayEnumType.Reference␣PCR␣methods.ISO␣

15216 -1:2017/ Amd␣1:2021␣(Hepatitis␣A␣&␣norovirus)" )

158

159 """

160 food_struct

161 """

162

163 food_struct = SingleRecordUpdater(uri , database , "food_struct

")

164 food_characteristics_tree = ’5f315e123d418525e0385fa6 ’

165

166 food_struct.remove_key_collection(food_characteristics_tree ,

"Stage")

167 food_struct.remove_key_collection(food_characteristics_tree ,

"PackStatus")

Listing B.2: MultiRecordUpdater class

1 import pymongo

2 from bson import ObjectId

3

4 class MultiRecordUpdater:

5 def __init__(self , uri , database , collection_name):
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6 self.client = pymongo.MongoClient(uri)

7 self.database = database

8 self.collection = collection_name

9 self.db_collection = self.client[self.database ][self.

collection]

10

11 def update_value_collection(self , key , value , new_value):

12 if value == new_value:

13 return

14

15 self.db_collection.update_many(

16 {key: value},

17 {"$set": {key: new_value }}

18 )

19

20 def update_key_collection(self , key , new_key):

21 if key == new_key:

22 return

23

24 self.db_collection.update_many(

25 {},

26 {"$rename": {key: new_key }}

27 )

Listing B.3: SingleRecordUpdater class

1 import pymongo

2 from bson import ObjectId

3

4 import pymongo
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5 from bson import ObjectId

6

7 class SingleRecordUpdater:

8 def __init__(self , uri , database , collection):

9 self.client = pymongo.MongoClient(uri)

10 self.database = database

11 self.collection = collection

12 self.db_collection = self.client[database ][self.

collection]

13

14 def update_key_collection(self , object_id , key , new_key):

15 object_id = ObjectId(object_id)

16

17 self.db_collection.update_one(

18 {"_id": object_id},

19 {"$rename": {key: new_key }}

20 )

21

22 def insert_key_collection(self , object_id , key , key_value

=None):

23 object_id = ObjectId(object_id)

24

25 self.db_collection.update_one(

26 {"_id": object_id},

27 {"$set": {key: key_value }}

28 )

29

30 def remove_key_collection(self , object_id , key):

31 object_id = ObjectId(object_id)
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32

33 self.db_collection.update_one(

34 {"_id": object_id},

35 {"$unset": {key: ""}}

36 )

37

38 def update_multiple_keys(self , key , new_key):

39

40 self.db_collection.update_many(

41 {},

42 {"$rename": {key: new_key }}

43 )

44

45 def update_nested_key_value_collection(self , object_id ,

key_path , new_value):

46 object_id = ObjectId(object_id)

47

48 set_statement = {f"{key_path}": new_value}

49 self.db_collection.update_one(

50 {"_id": object_id},

51 {"$set": set_statement}

52 )

53

54 def update_nested_key_collection(self , object_id ,

old_key_path , new_key_path):

55 object_id = ObjectId(object_id)

56

57 self.db_collection.update_one(

58 {"_id": object_id},
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59 {"$rename": {old_key_path: new_key_path }}

60 )

61

62 def insert_nested_key_collection(self , object_id ,

key_path , new_key_value=None):

63 object_id = ObjectId(object_id)

64

65 self.db_collection.update_one(

66 {"_id": object_id},

67 {"$set": {key_path: new_key_value }}

68 )
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