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Executive summary

The work presented in this deliverable relates to the iterative development and deployment of a web crawling
tool for harvesting project-related data from project programme databases such as CORDIS and LIFE. This
work constitutes the instantiation of the ‘Search-Retrieve-Pool’ phase of the SHERPA methodology that has
been documented in Deliverable 4.1.

The design and development of the crawling application are inextricably linked to the need of collecting
specific pieces of information with regards to rural-related projects (also relating to a specific rural sub-topic)
as instructed by the SHERPA data model, presented in Deliverable 4.2, and the set of metadata properties
proposed for the projects to be stored in the SHERPA repository.

The crawler-enabled search for rural-related research projects is supplemented by a process of manual
search for project-related information, on their official websites, undertaken by the SHERPA Scientific Editor
with the help of the Support Staff. The purpose of this supplementary manual search is to fine-tune the
results of the web crawler mostly because of a potential lack of information available by the project
programme databases scanned or inconsistencies in the project-related information provided. Within this
context, a complete workflow on how to implement a crawler, for the needs of research in the context of
SHERPA, is explained in detail in this deliverable.

In section 1, the specific location of the crawler inside the whole SHERPA platform is depicted. It presents
information on where the crawler will work, and which are the dependencies with the rest of the project. In
section 2, some background information is explained in brief. Without these notes regarding protocols and
data formats, it will be highly difficult to follow the rest of the document. Any decisions will rely on these
pieces of knowledge. Section 3 explains the methodology used for implementing the crawler. Like any project,
the success or failure of the final product will be highly related to the correct or wrong selection of the
methodology, which will guide the development effort. In section 4, it is presented a couple of open-source
crawlers. All of them are discussed in order to shed some light on their strengths and weaknesses, and how
they could fit SHERPA specific needs. Section 5 shows the design decisions made to implement the crawler.
Again, these decisions will enforce and constrain any future development efforts; and for that reason, they
should always point to the software maintainability issue. This is usually a forgotten non-functional
requirement, but experience has shown its importance. Section 6 presents the technologies chosen to
implement the SHERPA crawler. They all comply with current (and previous) web standards, making the
crawling process a feasible task. These technologies cover very different problems: from network-related
(accessing a web page) to database-related problems (store the information in a document-oriented
database). In section 7, it is shown an analysis of two databases, CORDIS and LIFE, from a crawling point
of view. This means that advantages and disadvantages will be discussed, besides their implications in the
quality of the final platform. Section 8 presents the preliminary implementation of the crawler. There, it is
stressed the core component of the crawler: the classifier which determines whether a project is relevant or
not. The results of this component will show the path to future developments. These next steps are also
discussed. Section 9 presents the last part of the crawling workflow: data storage. The current context in
the domain of databases is explained, alongside the consequences that they imply for the final selection of
a schemaless database. Finally, in section 10, some references are added in case someone may want to dig
deeper into the crawling process.
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1. Introduction

Following the work already presented in deliverables D4.1 (presentation of the SHERPA methodology) and
D4.2 (design of the SHERPA online repository), an open-source web crawling tool is presented in this
deliverable. The crawler developed specifically for SHERPA, will be able to scan and retrieve data from several
online platforms, where information about EU projects can be found. The decisions, from technological study
to conceptual design, will be thoroughly explained in the following sections. Moreover, implementation and
some preliminary results will also be shown in the last sections.

In Figure 1, the general architecture of the SHERPA-related technological infrastructure is illustrated through
the adoption of a high-level point of view. As it can be observed, the crawler (highlighted in red) accesses
sources of EU-funded research projects and translates the different information schemas into a homogeneous
data model (presented in D4.2). In this way, the storage of project-related information into the SHERPA
online repository is achieved. The SHERPA repository can be accessed by the user through a web application,
where several filters will allow the retrieval of the most relevant projects, per rural topic, together with their
useful, project-related information.

4 ™
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I'Data Persistence | _______

. Layer + [Application |

Layer - |- Layer 1
| !

==
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Figure 1: Overall architecture of the SHERPA technological infrastructure

From a software engineering point of view, Figure 1 depicts a multi-tier approach to implement the crawling-
platform architecture, which has several strengths and benefits, as explained in D4.2. Specifically, the crawler
runs in the backend and it could be described as an offline process, which updates the SHERPA repository
when new data is available or when new requirements arise and need to be fulfilled. As will be explained
further in the following sections, the crawler should mainly execute two important tasks:

o Task #1: Traverse across the Web
This points to the robustness of this software component to travel across the heterogeneous Web
ecosystem, where different security and data formatting issues could crash the whole process.
Moreover, the crawler must comply with new and old communication and application standards that
are alive on the internet infrastructure.

o Task #2: Extract information

The Web ecosystem is mostly oriented to humans and, thus, a meaningful extraction of information
with the same degree of granularity can be hard for a software agent, which is an autonomous
application that has to be executed in a dynamic environment, as is the web. The crawler must be
loaded with all the intelligence that will help to distinguish information from noise. This intelligence
will be defined through several heuristics and Natural Language Processing (NLP) techniques, which
will be iteratively adapted to the requirements of every topic/sub-topic and data sources. The
concept of information extraction from the web, can also be named web scrapping.



Web crawling is the process by which pages from the web are traversed in order to index them and support
a search engine (see Figure 1). The objective of crawling is to quickly and efficiently gather as many useful
web pages as possible, besides the link structure that interconnects them. Crawling must take into account,
for instance, the necessity to be ‘polite’ and not downloading data at a too rapid rate because this may break
the website and, as a consequence, the website blocks the crawler. Crawlers must also be resilient to server
traps which could be implemented due to security issues. Moreover, the crawler should have the ability to
perform in a distributed manner across multiple machines, so as to speed up the extraction process.

There are two different use cases for web crawlers:

Broad crawling: the set of web pages of interest is either very large or unlimited and spreads
across multiple domains. That is usually what generic search engines like Google or Yahoo,
do. Behind these search engines, several crawlers are retrieving information that is indexed for
searching purposes. The main disadvantage of this crawling case is that very generic information is
extracted, unless some specific websites are semantically annotated by the developers.

Focused crawling: The web pages of interest belong to a specific set (usually of a limited domain
set). For example, this is the case of the SHERPA project where some specific project programme
databases, such as CORDIS! or LIFE?, are going to be crawled. In this case, the number of requests
that could be done per second should be limited to a specific amount, an issue that relates to a
concept called ‘politeness policy’. This limit is usually based on the server response time. The
advantage of this approach is that very specific information can be extracted in order to load data
in a rich model, which will allow exhaustive searches. The disadvantage is that scaling is limited by
the complexity of the information that is extracted.

In order to understand how a crawler works, and all the decisions that surround its correct implementation,
it is necessary to know about the pillar of the World Wide Web (WWW), which is the HyperText Transfer
Protocol (HTTP). HTTP is a network protocol for transmitting information with the necessary efficiency for
hypertext jumps (links between documents). Thanks to the HTML format (explained below), HTTP can
transfer plain text, audio, images, and many other formats, such as XML or JSON. HTTP uses Uniform
Resource Locators (URL) to locate the different resources scattered across the Internet. Specifically, URL is
a reference to a web resource that specifies its location on a computer network and a mechanism for
retrieving it. It is important to note that URLs occur most commonly to reference web pages (HTTP), but are
also used for file transfer (FTP) or email (MAILTO), which are out of the scope of this deliverable.

In Figure 2, some of the main HTTP aspects, which should be taken into account when crawling the CORDIS
platform, are shown. One of them relates to the formats accepted by the client, which in the case of the
figure is a web browser, but when crawling, the client will be a software agent able to process and extract
information from these formats. The main format is HTML, but some others can be found in the Web
ecosystem, and will be explained in the following sections. Moreover, Figure 2 also shows the URL

) together with some other parameters, which must be correctly
implemented by the crawler to be able to extract information without crashing because of cookies (software
sent to browser from the webpage, in order to track user activity) or other security issues.
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Request URL: https://cordis.europa.eu/project/id/635201
Request Method: GET
Status Code: @ 200 0K
Remote Address: 185.3.44.3:443
Referrer Policy: no-referrer—when—downgrade
» Response Headers (12)
~ Request Headers view source
Accept: text/html,application/xhtml+xml,application/xml;q=0.9,image/webp, image/apng,+/+; q=8.8,application/signed-exchange;v=b3;q=0.9
Accept-Encoding: gzip, deflate, br
Accept-Language: en-US,en;q=8.9,es-ES;q=0.8,es5;q=0.7
Cache-Control: no-cache
Connection: keep-alive

Cookie: PHPSESSID=0d387a@4c4407528292109748ccd779; _pk_ref.77.cceb=%5B%22%22%2(%22%22%2(1588783151%2(%22ht tps%3A%2 F&2Fwww. google. coms2F%22%5D; _pk_

ses.77.ccefi=x; BCIDSLE=PS4BRU-23; WT_FPC=id=2d7c03dc315be9063b21578873343999: 1v=1588779567382: ss=1588779550709; _pk_id.77.cce6=6B60ad5045h84ebe, 157
B@73343.24.1588783167. 1588783151,

Host: cordis.europa.eu

Pragma: no-cache

Sec-Fetch-Dest: document

Sec-Fetch-Mode: navigate

Sec-Fetch-Site: same-origin

Figure 2: An HTTP request to CORDIS platform.

One of the main challenges addressed when developing a crawling process is to be able to process all the
formats that are available on the Web, an ecosystem which is characterised by containing heterogeneous
formats with each of them optimised for different purposes and requirements. Some of the main formats,
which will be faced in most cases by the crawler, are explained in the following sub-sections.

2.2.1. HTML

HyperText Markup Language (HTML) is the standard markup language designed to display formatted
documents in a web browser. These documents can contain text, graphics, video and audio clips, as well as
embedded reference to other documents. As shown in Figure 3, extracted from CORDIS, HTML works with
predefined tags like <div>, <h2>and <br>, which allow the correct presentation of the information from a
human point of view. However, from a crawling point of view, this format could not be considered as friendly.

Current libraries for extracting information from HTML documents rely on heuristics that are highly coupled
to each specific website and the related database, making the process of extracting valuable information a
trial and error process where some information can be lost. Moreover, the whole crawling process should be
revisited in case CORDIS, LIFE or any other database whose content is HTML-based, is redesigned and its
information architecture changes.
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@l——
w=div _ngcontent-cB class="row objetiveRow ng-star-inserted” id="d-block"=
w<div _ngcontent—cé=

@l
2l ——u
@l—x=

=h2 _ngcontent-cB class="ng-star-inserted"=0bjective</h2=

v<=div _ngcontent-cB class="general-text ng-star-inserted">
"LANDMARK is a pan-Eurcpean multi-actor consortium of leading academic and applied research institutes, chambers of
agriculture and policy makers that will develop a coherent framework for scil management aimed at sustainable food
production across Europe.™
=br=
"The LANDMARK proposal builds on the concept that soils are a finite resource that provides a range of ecosystem
services known as “soil fumctions". Functions relating to agriculture include: primary productivity, water regulation &
purification, carbon-sequestration & regulation, habitat for biodiversity and nutrient provision & cycling. Trade-offs
between these functions may occur: for example, management aimed at maximising primary production may inadvertently
affect the “water purification’ or ‘habitat’ functions. This has led to conflicting management recommendations and
policy initiatives. There is now an urgent need to develop a coherent scientific and practical framework for the
sustainable management of soils."
<br=>
"LAMDMARK will unigquely respond to the breadth of this challenge by delivering (through multi-actor development):"
br >
"1. LOCAL SCALE: A toolkit for farmers with cost-effective, practical measures for sustainable {and context specific)
soil management."
br .

Figure 3: Example of a HTML document showing information of a project (LANDMARK) available in CORDIS.
2.2.2. XML

EXtensible Markup Language (XML) is a software-independent language for storing and transporting
data. XML is a human-readable markup language with many similarities to HTML. It is also a W3C
recommendation. Nevertheless, XML and HTML have been designed with different goals: XML has been
designed to transport self-described data, whereas HTML is focusing on how data displays. As opposed to
HTML, XML has no predefined tags. For instance, the tags shown in Figure 4 (like <tit/e>and
<description>), which have been extracted from CORDIS, are not defined in any XML standard. These tags
have been created by the developers of the CORDIS database. From a crawling point of view, this format
could be considered as machine-friendly, because there is a certain level of structure. However, time and
effort has to be put into understanding the structure of the document and the conceptual framework
behind it, a process followed for every database which will be crawled, and has a unique XML schema.

¥ <result type="relatedResult" source="corda"
availablelLanguages readOnly="true"= en =/availablelanguages
rcn= 260806 </ron
title= Linkage drag eliminatien =/title
description= Linkage drag elimimation =/description
contentlUpdateDate= 2019-04-16 13:57:8@ </contentUpdateDate:
» =relations=
result
result type="relatedResult" source="corda"
availablelLanguages readOnly="true"> en =/availablelanguages
rcn= 268805 =/rcn
title= Description of the production chain =/title
description= Description of the production chain =/description
contentlUpdateDate= 2019-04-16 13:57:8@ </contentUpdateDate:
relations
» <categories>
associations
weblLink type="projectDeliverable
language= en =/ language:
availableLanguages readOnly="true"= en =/availablelanguages
url:
https: /fec.europa. eu/research/participants/documents/down loadPublic?documentTds=080166e5b8bB55745appld=PPGHS
url
webLink
associations
relations

result

Figure 4: Example of a XML file showing information of project available in CORDIS.
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2.2.3. JSON

JavaScript Object Notation (JSON) is an open standard file format, and language-independent data
interchange format, which uses human-readable text to store and transmit data objects consisting of
attribute—value pairs and any other serialisable value type. It is a very common data format with a diverse
range of applications on the Web ecosystem, since it has served as a replacement for XML in AJAX systems.
JSON has some advantages in comparison to XML, such as a reduction in verbosity, the speed while parsing
a document, and its general simplicity. These advantages help towards simplifying the final code and adding
predictability to the general software infrastructure. It has been originally derived from JavaScript, but many
web-oriented programming languages, such as Java or Python, include standard APIs (Application
Programming Interfaces) to generate and parse JSON-format data.

From a crawling point of view, this format could be considered as very machine-friendly, although some time
has to be spent on understanding the structure of the document. Although it has not been found in any of
the data sources analysed with regard to the work undertaken for this deliverable, JSON is widely used, and
many open databases from public administrations* use this format to share their information. Thus, it is
expected that in the future, EU projects databases will also adopt this format, and, therefore, any
technologies chosen should be compatible or extensible with this format processing.

2.2.4. PDF

The Portable Document Format (PDF) is an ISO standard file format developed in the 1990s. Nowadays,
PDF files may contain a variety of content besides plain text and graphics including logical structuring
elements, interactive elements such as annotations and form-fields, layers, rich media (including video
content) and three dimensional objects, and, as a result, the necessary metadata to display it.

From a crawling point of view, this format could not be considered as friendly. Current libraries for extracting

information from PDFs still lose some information due to bad-formatting issues. Therefore, all the information
that is relevant to SHERPA and is extracted from PDFs should be manually checked to ensure its quality.

3. Methodology

One of the first decisions in software development project is to adopt a methodology able to serve as a
guideline to follow during the project’s life-cycle. Every project can be based on a methodology that fits best
the project’s characteristics (e.g. risks, temporal constraints, legacy software needs, etc.). The two most
popular methodologies to consider are:

« The Waterfall model (Thomas & Bell, 1976): It is a traditional approach that most of the modern
methodologies have been based upon. It is linear and the typical sequence of events is:

Requirements Engineering (Sections 4 and 7 of this document);
Design (Section 5);

Code development (Section 6);

Code testing (Section 8);

Debugging (Section 8); and

Delivery of the final product.

The main characteristic is that, generally, each step must finish before the launch of the next one.
This methodology has several strengths; yet, there are also some issues. For instance, it is based
on the assumption that requirements are correctly captured from the very beginning of the project.
However, this is rarely the case. Users usually keep coming up with new needs not encountered at
the outset of the project. Another drawback, is that users are not able to see the final product until
the very last stage of its development. As a result, they may find out that some issues have not

| 10
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been adequately considered in the previous stages and that the final product is not suitable to the
project’s purposes.

o The Agile methodology (Beck et al.,, 2010): It is an iterative, team-based approach to
development. With this methodology, the delivery of results is fast and more frequent. However,
the development concludes in the final stage. The users are able to see an incremental improvement
in a functional prototype, which will evolve smoothly to the final product. The sequence of events is
quite similar to the Waterfall approach; yet, each of the events is less exhaustive and repeated
several times. One of the advantages of this methodology is that the users have several
opportunities to see something working and, thus, can make more informed decisions. The
disadvantage of this approach relates mainly to its iterative nature. Nevertheless, this approach
helps to obtain high quality software products, and is widely adopted in the modern software
development world. For this reason, the Agile approach is the methodology selected for the
development of the SHERPA crawler.

4. Crawler: Current software solutions

After having explained the main technical concepts related to a crawler, and the software methodology
employed, it is necessary to shed light on the technologies that fit best the requirements in the SHERPA
project. The investigation of the solutions available has focused upon stacks of technologies, that implement
APIs to Python® and Java®. Within these environments, there are two main technical options: (i) start from a
complete development framework and adapt its design decisions to the specific problem; and (ii) start from
basic libraries and iteratively build a SHERPA-oriented crawler. A number of complete frameworks (first
option) are presented below.

One important thing to remark is that it is quite hard to perform a homogeneous analysis of these solutions,
based on their official documentations, since every documentation highlights their key strengths and not
their weaknesses. However, when it comes to decisions about the tool to use for the needs of the crawling
process, the limitations of the ready-to-use solutions are a critical resource to take into consideration. If they
are not available, then choices can be significantly biased.

Scrapy is a high-level web crawling Python framework, which also provides web scraping tools for information
extraction. It is mainly used to crawl websites and extract structured data from their pages. Scrapy provides,
among others, solutions for the most common challenges (and specific SHERPA ones), such as redirection
handling, gzipped responses, weird encodings, full Unicode, retrying of requests, HTTP caching, filtering
duplicated requests, auto-throttling to avoid server overload, sessions/cookies preservation across multiple
requests, and site login.

Selenium is a web testing library. It is used to automate browser activities and supports browsers like Internet
Explorer, Firefox and Safari. It has APIs for the most popular programming languages like Java and Python,
among others. Selenium is oriented towards simulating a human-like web navigation process. For that
reason, it is possible to do things like clicking buttons, scrolling, submitting a form, etc. It can be concluded
that when a website has its core with JavaScript, then Selenium would be the best choice. However, this is
not the case of most analysed EU platforms.

© N o un
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Heritrix is developed, maintained, and used, since its release in 2004, by the Internet Archive. It ships
together with a web front-end that can be used for monitoring and configuring crawls. Heritrix runs in a
distributed environment by hashing the URL hosts to appropriate machines. It is not dynamically scalable,
which means that the specific number of machines must be specified before the crawling starts. The output
format of Heritrix are WARC files that are written to the local file system. WARC is an efficient format for
writing multiple resources (such as HTML) and their metadata into one archive file. However, writing data to
other data stores (or formats) is currently not supported; and could be a weakness in the SHERPA context.

Apache Nutch is a mature, production-ready, Java-based web crawler. Instead of building its own distributed
system, Nutch makes use of the Hadoop ecosystem and uses MapReduce for its processing. Nutch inherits
the Hadoop’s advantages (such as fault-tolerance and scalability), but also the drawbacks (slow disk access
between jobs due to its batch nature) of the MapReduce architecture. From an information extraction point
of view, Nutch uses Tika to handle 1 200+ file formats (detection, parsing, entity extraction, etc.).

The technologies listed above are complete crawlers, which enable programmers to accomplish general-
purpose crawling development tasks without using third-party tools and libraries. From all the analysed
libraries, Scrapy seems to be the preferable option due to (i) its great amount of included functionalities; (ii)
the use of Python language; and (iii) the active community working around it!!. However, the selection of
Scrapy leads to losing some flexibility, which can be gained by the use of ‘smaller’ libraries and their
orchestration depending on the problems that arise.

After having considered the different data sources, providing access to project-related information, it has
been concluded that most of these solutions’ functionalities are not necessary. In fact, the adoption of one
of the crawler solutions listed above would add more complexity than necessary. Additionally, one of the
main issues that should be avoided is the technical debt, which relates to the bad design and technological
decisions made at some stage of projects and constraints future development. Choosing a technology that
covers more problems than those relating to the short-term could lead to some compromises that should be
avoided. On the other hand, as is the case in any software project, migrations between technologies may
not be avoided in the case that an important requirement or challenge arises during the development.

5. SHERPA Crawler Design

In the design and development of the SHERPA crawler, an object-oriented perspective has been adopted.
Under this paradigm, developers can define the (a) data type!? of a data structure?, and also (b) the types
of operations (methods) that can be applied to the data structure (the API). Consequently, the data structure
can be described as an object that includes both data and methods. These objects are instances of a class
(i.e. data type). As it will be explained in the following paragraphs, developers can create relationships
between one class and another. For instance, classes/objects can inherit characteristics from other
classes/objects.

When designing in the context of an object-oriented approach, there are some patterns widely used in the
software industry that should be taken into account and implemented. These patterns are shown in Figure
5.
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The first pattern is the ‘Single Responsibility Principle’, where each class should be highly specialised in a
specific problem. In this way, if a change in requirements appears, only a few adaptations would have to be
made to the source code. For that reason, the ‘InformationExtractor’ class is separated into different
subclasses, each of which is specialised in the extraction of information of a single format. The same applies
to the ‘Crawler’ class, which is specialised through the implementation of different subclasses focusing on
the extraction of information from different databases, such as CORDIS or LIFE. The advantage of such an
approach is that in case the CORDIS database changes, and the crawler stops working because it cannot
recognise the new information architecture of CORDIS, the LIFE crawler will not be affected. This problem
was also mentioned in Section 2.2.1.

Another principle that has been followed, and it is related to the previous one, is the ‘*Open/Closed Principle’,
which states that software entities should be open for extension but closed for modification. This means that
if new requirements arise, the previous designed classes should be extended, for example the ‘Crawler’ class,
and that they should not be modified unless a bug is found. This means that if another data source is found
relevant in the context of SHERPA project, another subclass should be created, but the parent class should
continue to contain the same base code.

CORDIS_Crawler LIFE_Crawler INTERREG_Crawler
extractProjectsi() extractProjectsi() extractProjectsi)
EIP_Crawler Extends Extends Extends
extractProjectsi) Extend =
encs, Crawler RelevanceClassifier
Extond _,_,_.J]‘;v extractProjects() isProjectRelevant()
ends

General_Purpose_Crawler [ —

extractProjects()

InformationExtractor

extractContent() ﬂ‘-\

Extends

Extends
Extends PDFExtractor
| extractContent()
HTMLExtractor XMLExtractor A
extractContent() extractContent()

Document_Scorer

compute_score()

Figure 5: Class diagram depicting the main classes of the SHERPA crawler.

Another design principle that has been taken into account is the ‘Interface Segregation Principle’ according
to which the software clients should not be forced to depend upon interfaces they do not use. This means
that the interface is less visible and that the software increases its decoupling, which is the main objective
of all these design principles. In other words, every class only accesses other class for a very specific and
well-documented reason. A final consequence is that the maintainability of software increases in the long-
term and the future costs and resources decrease. There is a class called ‘RelevanceClassifier’, which is
described in Section 8. Its function is to determine whether the project analysed by the crawler is relevant
and should be downloaded. Regarding the ‘InformationExtractor’ class and all its specialisations will be deeply
described in Section 8.7. Its mission is to cope with all the different formats and versions that can be found
in every database. This implies that the ‘HTMLExtractor’ implementation in CORDIS will be different than the
‘HTMLExtractor’ implementation in LIFE.

Finally, it has also been added a class called ‘General_Purpose_Crawler’. This crawler could be used in case
the analysed databases (CORDIS, LIFE, INTERREG, EIP, etc.) do not contain enough information and some
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general-purpose information is needed from the projects’ official websites. However, this crawler is unable
to extract precise or specific information. If it is necessary to extract very detailed information from the
official websites, a different crawler for every website should be implemented. Here, it arises a critical
problem of scalability because such an effort is resource-intensive. However, as it is clearly stated in the
SHERPA methodology, the web crawler search process is supplemented by a manual search process
undertaken by the Scientific Editor. This additional manual effort can yield any further project-related
information that may be required.

6. SHERPA Crawler Implementation

By taking into account some of the lessons learned in the software engineering domain, and specifically, the
guidelines proposed by the agile methodologies, it can be concluded that design and implementation are

closer than in previous years. Therefore, implementing the proposed design and evaluating as soon as
possible its results is a rule that has been employed for the SHERPA crawler’s development. The libraries
used for the development of the crawler are:

« Requests'*: This library is the de facto standard for making HTTP requests in Python. It abstracts
the complexities of making requests behind a simple API so that the developer can focus on
interacting with services and consuming data in the crawler. For example, this library provides high-
level methods such as *.get()’ on URL to access the HTML script from the web page. As shown in
Figure 2, the GET method is the HTTP method used for accessing websites.

o Python XML Standard API'>: It is a parser that allows developers to extract information from
tags like <title> or <description>, which are shown in Figure 4. This library is core for the extraction
of content from the CORDIS database.

o Beautiful Soup 6: It is a Python library for pulling data out of HTML. It works with different parsers
to provide idiomatic ways of navigating, searching, and modifying the parse tree. This library
provides high-level methods as *.find()’ so that information using different HTML tags, like <div>
and <span>, (shown in Figure 3) can be filtered.

e PyPDF2'7: It is a pure-Python library that can be used for many different types of PDF operations.
For example, this library provides functionality to extract document metadata, such as author, title
and number of pages. Moreover, the most important functionality provided from this library is the
conversion between PDF format and plain text, which allows for post-processing methods and the
execution of NLP tasks.

« PyMongo *8: It is a Python library containing tools for working with MongoDB. It provides all the
operations needed to interact with a MongoDB database, such as insert, update, delete, and read.

7. Source Databases Analysis

There are several data sources containing project-related information, which need to be queried for the
needs of the SHERPA project. These data sources are described below, stressing their advantages and
disadvantages from a crawling point of view. Some databases that will be explored in the future, such as,
INTERREG or EIP, are out of the scope of this deliverable. As explained in Section 2, not all formats are
easily to extract and, as a consequence, several uncertainties could arise regarding the precision of the
information and its suitability for the final SHERPA user information needs.

14 https://requests.readthedocs.io/en/master/

15 https://docs.python.org/3/library/xml.etree.elementtree.html
16 https://www.crummy.com/software/BeautifulSoup/bs4/doc/
17 https://pypi.org/project/PyPDF2/

18 https://pymongo.readthedocs.io/
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7.1.1. Information Architecture
Figure 6 and Figure 7 depict the architecture of the CORDIS database. Information is divided among ‘Fact

Sheet’, ‘Results in Brief’, ‘Reporting” and ‘Results’. The information that is used for classifying it as relevant
or not can be found in the ‘Fact Sheet’ section, under the title ‘Objective’.

-8, LTI 8 Resultin Brief  Reporting  Results

Objective

Tomato is the second most consumed vegetable in the EU and a major dietary source of many nutrients,
vitamins and antioxidants. Consumers complaints about the loss of flavour in modern tomatoes, provide
an opportunity for the valorisation of traditional tomato varieties, in order to protect them from genetic
erosion and the replacement by higher-yielding, pest resistant modern cultivars. Genetic, epigenetic and
phenotypic variability and knowledge from farms and in public repositories, will be concentrated in a
TRADITOM database and seed repository (01). The available genetic and phenotypic variability present in
TRADITOM varieties, and the genetic and epigenetic differences from modern cultivars will be assessed

Figure 6: CORDIS information architecture and project's objective description.

However, it is important to remark that besides the HTML format, CORDIS provides also an XML version of
the information. The structure is rather similar, isomorphic in some parts, but easily to extract and process
by the crawler.

As shown in Figure 7, the project's outputs are divided into ‘Deliverables’ and ‘Publications’. Under these
categories, more specific types of outputs can be found, such as ‘Documents’, ‘Reports’ and ‘Conference
proceedings’. A link to each of the available documents can be found in all cases, which allows to proceed
to a further exploration of the project information and results.

Deliverables

Documents, reports (7), -
Websites, patent fillings, videos etc. (1) -
Other (1) -
Publications

Conference proceedings (8) -
Peer reviewed articles (16) -
Book chapters (1) -

Figure 7: Project output structure in the CORDIS database.
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7.1.2. Crawling advantages and disadvantages

Advantages of the CORDIS database:

The information architecture is highly standard and is followed in most of the project cases.
However, depending on the current status (closed, signed, etc.), the crawler is able to find (or not)
some information parts.

It presents the data in two different extractable formats, which doubles the crawling possibilities.

One of the formats is XML, which is rather friendly and has several libraries implemented in the most
popular programming languages. In the case of Python, the library is included with the official
distribution which makes it a safe option.

Disadvantages of the CORDIS database:

7.2.1.

XML is very verbose and the parsing complexity is higher in comparison to the widely adopted JSON.
CORDIS does not provide an API that can be easily accessed.

The ‘politeness policy’ is not explicitly specified; this fact forces us to be too polite and, thus, lose
efficiency while crawling.

Since the information architecture is not 100% standard, the crawler must implement a high degree
of exception handling.

Information Architecture

Figure 8 shows how project-related information is structured in the case of the LIFE database. As opposed
to CORDIS, no tabs are available. All the information, from the technical to administrative, can be found in
the same layout. The ‘Project description’ section will be used by the crawler to compute the relevance of
the project. Inside that section, there are the ‘background’, ‘objectives’ and ‘results’ subsections, where
meaningful keywords can be used to classify the topic of the project and also decide about whether it relates
to the context of rural or not.
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PROJECT DESCRIPTION:

BACKGROUND

The grawing racognition that the consernvation of bicdiversity in Eurape capends on the continuation of low-imensity tarming systems resulted in
ihe cancept of high nature value lamming (HNVF). In the Mediterranean, in particular, HNVF encompasses some of the most traditional agriculiural
crops. such as cork oaks. olives, carolr and grapes. In Cyprus, carob groves and vinayards are among the crops that are inaxtricably linked with
Ihe Bconomic and cultural character of the island. Al Ihe Same me hese crop Systems, when larmed &t w-inlensity. sUppon Species of tauna and
flora that are imporant a1 the national or Eurcpean level, while also providing a number of other ecosystern senvices. Despéte their importance,
hese HNVF types on the island are now threatened by farming inensilication, land abandonment and a lack ol awarenass aboul their wides role.

OBIECTIVES

The oijeciives of ihe AgroLIFE project were io conserve biodiversity in vineyards and carob groves with a sirong focus on species lisied in the:
Birds and Habitats Directives; support and promote sustainable agriculiural practices thal increase ecosystem senvices and conserve biodivarsity
In high nature value (HNV) tarmiands; ientity strengths and of current Tt practices with respect 1o biodiversity
conservation in HNV farmland; identify strangths and weaknesses of bioindicators for avaluation of HNV tarms in small-scale agricufture; build a
Knpwlecye base fof vineyard and carob geove high nature value farming (HNVF) in Cyprus: and encaurage stakeholder involvement and increase
public awareness regarding HNVF through active participatory leaming.

RESULTS

The AgroLIFE project raised awarenass of the value of high nature value tarming (HNVF) in Cyprus. It successfully demonstrated several HNVF
actions in the field, in carob groves and vineyarss, some of which were incorparated inta the CAP measures for the period 2017-2021 that suppadt
agri-environmental actions. The project team mapped and identified HNV farmiand areas or the first time across all of the Republic of Cyprus. In
particular, it promated HNVF in carol groves and vineyards through the development of agri-environmental measures. Concrete actions
implemented included the construction of 10 dry stonewalis, with a total length of approximabely 300 m; the creation of 110 micre-habitats in the
form of rock plles, brush pias, and hibemacula for fawna; he construction and installation of 10 nests for bam cwls in the area of Anogyra (card
groves); the restoration of 0.6 ha of abandoned agricultural land in the areas of Anogyra and Laneia (canab groves): the placemaent of 171 matal
shields around carob rees to protect them fnom rats; and ihe placement of approximately 7 000 pheromone dispensers to enhance the nafural
protectian of vineyards from the Eurcpean grapaving math. Natural vegetaticn was enriched in the margins of 10 plots, by planting 76 seedlings of
7 different iruif trees, and 257 shrubs belonging to 8 species, in Anogyra, Kapdelo and Lanela. An assessmend of ihe impact of conservation and
protection actions on biodhwersity in two project aneas was conducted, using indicalors such as plants, arthropods, lizards, snakes and birds. The
project team also estimated the economic value of ecosystem sarvices (8.0. biokagical control with natural enemies, soll formation) providad in two:
study plets. The project team produced and distributed twe manuaie on the appication of sustainable farming practices, targeting the tamers of

tha ranimn Thao shen rrastan b snrnoioareib ratas e uleitree with s ttsl lsnnsh a8 99 b Ans in tha ama of Arseurs (esnk arsoss] snd sns

Figure 8: Information architecture available in LIFE platform.

Figure 9 illustrates the outputs and deliverables of the projects that can be found in the ‘Read More’ section.
A link to the document is available in all cases, which allows to continue exploring project-related information
and results.

READ MORE:
PROJECT WEB SITE Project's website
PUBLICATION: AFTER-LIFE CONSERVATION PLAN After-LIFE Plan
PUBLICATION: LAYMAN REPORT Layman report
PUBLICATION: LAYMAN REPORT Layman report (Greek version)
PUBLICATION: TECHNICAL REPORT Project's final technical report

Figure 9: Project's outputs in LIFE platform

7.2.2. Crawling advantages and disadvantages

Advantages of the LIFE database:

e The information architecture is highly standard and is repeated across most projects (same as
CORDIS).

o It presents the data in a single extractable format, i.e. HTML.

Disadvantages of the LIFE database:

e HTML poses challenges and makes crawling a difficult process, sensitive to design changes.
However, a partial rebuild of the crawler is always a possibility.

e  LIFE does not provide an API that can be easily accessed.
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e The politeness policy’ is not explicitly specified; that forces us to be too polite and, thus, lose
efficiency while crawling.

o Since the information architecture is not 100% standard, the crawler must implement a high degree
of exception handling.

8. First prototype version

Avoiding information overload is one of the main aims and the crawler is the first link of the chain to filter
the projects that are not relevant to SHERPA. With the correct filtering techniques design, computational
resources can be saved or allocated for other tasks that give more added value. In essence, it is hecessary
to minimise the amount of data that could produce oversights. For this reason, when crawling, there are
some performance decisions to take into account. The evaluation metrics for an information retrieval system,
such as the SHERPA crawler/platform, are specialised to assess how well the search results satisfy the user's
query intent.

In the case of SHERPA, different classifications and rankings are computed for the needs of providing the
user with the most relevant information. The first one, which is in the scope of this deliverable, points to the
relevance of a project, and responds to whether a specific project should be downloaded or not. Therefore,
this type of problem is a binary classification one and relates to other problems, such as news categorisation
(Cui et al., 2014) or sentiment classification in social networks (Palkar et al., 2017). This software component
appears in Figure 5 as the class ‘RelevanceClassifier’.

The strategy adopted to address this problem is to start with basic functions and improve them iteratively.
The solution is to use heuristics, regular expressions, and dictionaries of keywords. With the results obtained
from this orchestration, new decisions will be taken and new technologies and algorithms may be added to
the solution stack.

As shown in Figure 10, the classification of a project as relevant or not, follows three steps. The first step is
associated with a rural classifier, which determines whether a project is rural-related or not. The second one

is a topic classifier, which determines whether a project relates to the topic investigated. Finally, the third
step, i.e. the *policy classifier’, determines whether the project is oriented towards policies.

Q—P‘ Rural Classification H Topic Classification Policy Classification .

Figure 10: Relevance computation process.

All these classifiers make use of the keywords sets listed in Table 1, which point to each of the sub-problems
addressed in the final classification. More specifically, the sets of keywords listed with regard to the
‘Biodiversity’ and ‘Climate Change and Environmental Services’ topic classifiers have been developed as part
of a process implemented in January 2020 with the aim to simulate the pipeline of tasks to be taken in the
context of Multi-Actor Platform — related interactions. The keywords associated with the topic classifiers
starting from ‘Inequalities and well-being’ to the ‘Land-use competition” have been produced in the context
of an effort to identify the key trends, major challenges and opportunities affecting rural areas in the EU
undertaken for the needs of authoring the SHERPA Discussion Paper entitled ‘Long-term Vision for Rural
Areas: Contribution from 20 Science-Society-Policy Platforms’ (Féret et al., 2020).

Table 1: Keywords used by each of the parts of the relevant categorisation process.
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Classifier

Rural Classifier

Keywords

rural, local community, rural development, village, countryside,
remote area, sparsely populated, agricultural sector, local area,

sparse area, marginal area, farming system, agriculture, agricultural land,
mountain region, disadvantaged region, grassland, protected area, local
development, forestry land

Topic Classifier
Biodiversity

sustainable, environmental, ecosystem, biodiversity, ecology, agriculture,
ecological, nature, nature-based solutions, green infrastructure, public
goods and ecosystem services, biosphere reserves, nature protection,
environmental impact, agriculture sustainable, renewable energy, land use,
sustainable development, sustainable management, bio-energy, bio-
chemical, bio-fertilizer, water quality, protected area, marine resource

Topic Classifier
Climate Change and
Environmental
Services

climate change, environment, environmental services, sustainable, gases,
air quality, temperature, greenhouse, water quality, energy poverty,
energy advice, fishing, mining, renewable energy

Topic Classifier
Inequalities and
well-being

gender, female, stereotypes, social exclusion, gender gap, inequality,
women, underestimate, woman, self-empowerment, mothers, workplace,
single-parent, part-time contract, voter turnout, sport license, capacity-
building, social cohesion, cohesion, cultural, integration

Topic Classifier
Demographic shift:
depopulation, ageing

demographic, depopulation, ageing, elderly, population growth, age
structure, changes in society, community infrastructure,

generational renewal, employment, endogeneity, human development,
youth, older person, older people, migration, young, immigration, social
priorities, new entrants, collaborative learning, senior citizen, social capital,
heritage

Topic Classifier
Infrastructure and
basic services

infrastructure, basic service, transport facilities, transport facility,
connectivity, accessibility, broadband, healthcare service, digital
infrastructure, internet, satellite communication, electricity, supply, heat,
information access, high-speed broadband services, online services,
school, food shops, supermarket

Topic Classifier

Shift in production
and diversification of
the rural economy

value chain, vulnerable consumer, unemployment, employment,

delocalization of production, adaptation of skills, primary sector,
underemployment, lack of jobs, changing knowledge, learning, job
opportunities, agricultural sector, bioeconomy, food chains, primary
production, entrepreneur, silver tourism economy, innovation

Topic Classifier

Land-use
competition

urban growth, land-use, cropland expansion, food security,

land abandonment, land take, soil sealing, forestry land, agricultural land,
land scarcity, land use, land access, land management, landscape
planning, conflict issues, urbanization, land-recycling, access to land,
urbanization, spatial planning, green infrastructure

Policy Classifier

policies, policy, recommendation, guideline, governance intervention
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Another important functionality of the crawler is to score the PDF documents found as outputs or results in
the explored databases. This score will be used afterwards by the platform to rank the outputs and ease the
information retrieval process. This functionality is represented in Figure 5, inside the ‘Document_Scorer’
class. From an implementation point of view, there are many statistical and linguistic approaches to compute
the relevance of a project. However, the first approach to implement the scoring function, will be to count
the number of appearances that a keyword makes inside the document. An example of this ranking within
the topic of ‘Land-use competition” would be:

1. Document 1: (“urban growth” * 2 + “landscape planning” * 3 + “policy” *1 -> Total score = 11)
2. Document 2: (“cropland expansion” * 2 + “urbanization” * 1 + “policy” *1 -> Total score = 6)

3. Document 3: (“access to land” * 1 + “policy” *1 -> Total score = 4)
4

Document 4: (“landscape planning” * 1 + “recommendation” *1 -> Total score = 2)

As it can be observed, we are taking into account the length of the keyword. In the domain of NLP, this
means to differentiate among unigrams (1 word), bigrams (2 words), trigrams (3 words), etc. So, the final
score could be computed assuming that the length of the keyword represents its precision (the longer, the
more specific). Of course, this is just a heuristic with its exceptions. In fact, language is full of exceptions,
and for that reason NLP is a scientific domain full of challenges.

8.4.1. Metrics

In order to measure the success of classifying a project as relevant or not, it is necessary to make use of
some standard measures widely adopted by the information retrieval community. The ones used for the work
presented in this deliverable are offline metrics, which are the following ones:

o Recall: Recall is the fraction of the projects relevant to the query that have been successfully
retrieved. This is the metric that is going to be maximised.

e Precision: Precision is the fraction of the projects retrieved that are relevant to the user's
information need. It is important to note that a low precision in the SHERPA context could be due
to two factors:

o Real false positives: Projects wrongly classified as relevant by the crawler.

o Temporal false positives: Projects that were not found during the annotation effort, but
which will be included in the next iteration as relevant projects.

o F;score: Itis the weighted harmonic mean of precision and recall. It works as a compromise metric
in cases where it is not clear which is the correct crawler’s configuration.

These offline metrics will be monitored by the AUA developers every time the crawler in launched because
either new requirements/database needs arise or because a new scoring or classification is implemented
with state-of-the-art techniques.

There are other, online, metrics that could be computed when the SHERPA online repository will be in
function. These metrics will be used, for example, to measure the success of the ranking explained in Section
8.3. These metrics look at users' interactions with the search system in order to know whether the crawling
process has helped to satisfy the user’s information needs. On the other hand, to have some preliminary
insights about how these online metrics will be, a prototype visualisation tool to check the information
extracted by the crawler has been developed (see Figure 11). This tool has also supported the exchange of
ideas at the early stages of the crawler development.
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Title policies Content| biodiversity

Results

* LANDMARK (2015-2019): LANDMARK is a pan-European multi-actor consortium of leading academic and applied research institutes, chambers of agriculture
and policy makers that will develop a coherent framework for soil management aimed at sustainable food production across Eurepe.The LANDMARK proposal...
Project Topics:
biodiversity  soil  agriculture food farmers ecosystem developing sustainable

Project Outputs:
o Options document to propose future policy tools for functional seil management
Ideas:
= [...], carbon-sequestration and regulation, habitat for biodiversity and nutrient provision and cycling (Schulte =REFER [...]
Topics:
soil sustainable environmental agricultural agriculture ecosystem developing crop environment

« DIVERSIFOOD (2015-2019): DIVERSIFOOD will evaluate and enrich the diversity of cultivated plants within diverse agroecasystems so as to increase their
performance, resilience, guality and use through a multi-acter approach. By integrating existing experienced networks and using specific and relevant...
Project Topics:
agriculture  foed environmental seed plant

Project Outputs:
o Policy recommendation in support of food diversity in food supply chains
Ideas:

= [...]) and underlines the importance of a high level of biodiversity in the objectives (Article 4) and specific princip [...]
Topics:
crop seed farming farmer agriculture conservation environment sustainable agricultural  field
o Policy paper based on final recommendations
Ideas:

= [...] ed within an organisation, concerning breeding and biodiversity management (traditional knowledge versus numeric d
[..-]

Figure 11: Prototype tool to visualise the information extracted by the crawler.

8.4.2. Gold Standard Corpus

In order to compute the offline metrics, it is necessary to have access to some ground truth (i.e. a gold
standard corpus used as benchmark) for comparing the project classification results implemented by the
crawler. This golden corpus has been created by three members of the AUA team, which could be considered
as the annotators. The information of all the projects selected is provided in Annex A. The methodology
followed by the annotators is summarised in the following steps:

o Select a set of keywords that relates to every subtopic (see Table 1);

e Use the CORDIS search engine to find relevant projects;

e Access each project retrieved by the search engine;

e Read the project’s description and classify it as relevant or not.
It is important to remark that in many searches, the annotators experienced an information overload due to
the huge amount of outputs and the limited filter tools to separate the grain from the chaff. Regarding the
accuracy level of the annotation, it is well-known in the annotation community that 100% is unrealistic due
to the high degree of subjectivity. Therefore, there may be projects in the golden corpus that are not very
relevant. Some of these projects will be discovered with inconsistencies from the crawler extraction. Thus,

the results provided in the section below will improve in further iterations of the software delivery. The main
issues that annotators have faced are:

e Projects highly related to a topic but without explicit rural content.

o Projects slightly related to a topic.

« Projects very focused on a very specific geographical area.

e  Projects without explicit policies as outputs.
Some examples can be observed in Annex A, marked with an asterisk. Finally, it is important to remark the
high interaction between the annotation effort and the crawler (see Figure 12). On the one hand, the
annotators will provide the crawler with some seeds to improve its intelligence while extracting information.

On the other, the crawler will deliver some projects, which were not found by the annotators (temporal false
positives), so that they can be reconsidered in case they were missed or previously discarded.
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Gold Corpus

Annotation

¥

Feedback
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Figure 12: Relation between annotation process and crawling.

Finally, it is important to remark that the initial strategy, which is the one presented in this document, is
trying to maximise the recall metric, while at the same time not reducing too much the precision. The main
reason is that, ideally, the crawler should download all the relevant projects in the first attempt, or at least
with as few attempts as possible. This way, the crawled platforms are kept safe without too much intrusion.

The classification algorithm, described in Section 8.2 can be configured with some hyper-parameters whose
optimal configuration can be found only in the context of a trial and error approach. In the next subsections,
several configurations are evaluated to verify those providing the best performance. These hyper-parameters

are described in Table 2.

Table 2: Hyper-parameters evaluated.

Hyper-parameter Description Values
How many keywords should be enough (minimum) to consider
Number of keywords that a project is relevant for a specific project? [2.3]
Rural Context Should the crawler consider rural context for relevance? Yes/No
hould th | i I licies fi
Policy Outputs rSelg\l:ai Cte 7e crawler consider outputs related to policies for Yes/No
8.5.1. Configuration 1

e Number of keywords: 2

e Rural Context: No

e Policy outputs mentioned: No

Table 3: Results obtained with Configuration 1.

Topic Precision Recall F1-Score
Biodiversity 30.61% 100% 46.87%
Climate Change and environmental resources 43.55% 93.1% | 59.34%
Inequalities and Well-being 47.83% 100% 64.71%
Demographic shift: depopulation, ageing 48.78% 76.92% | 59.70%
Infrastructure and basic services 52.38% 91.67% | 66.67%
Shift in production and diversification of the rural
economy 38.1% 100% 55.18%
Land-use competition 50% 83.33% | 62.50%
Average 44.46% 92.15% | 59.28%
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Figure 13: Results obtained with Configuration 1,
8.5.2. Configuration 2
e Number of keywords: 2
e Rural Context: Yes
e  Policy outputs mentioned: No
Table 4: Results obtained with Configuration 2.
Topic Precision Recall F1-Score
Biodiversity 35.71% 100% 52.63%
Climate Change and environmental resources 40.38% 72.41% | 51.85%
Inequalities and Well-being 45% 81.82% | 58.06%
Demographic shift: depopulation, ageing 47.06% 61.54% | 53.33%
Infrastructure and basic services 57.14% 66.67% | 61.54%
Shift in production and diversification of the rural
economy 32.35% 68.75% | 44.00%
Land-use competition 47.06% 66.67% | 55.17%
Average 43.53% 73.98% | 53.80%
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Figure 14: Results obtained with Configuration 2.
8.5.3. Configuration 3
e Number of keywords: 2
e Rural Context: Yes
e Policy outputs mentioned: Yes
Table 5: Results obtained with Configuration 3.
Topic Precision Recall F1-Score
Biodiversity 31.25% 66.67% | 42.55%
Climate Change and environmental resources 40% 48.28% | 43.75%
Inequalities and Well-being 42.86% 54.55% | 48.00%
Demographic shift: depopulation, ageing 61.9% 50% 55.32%
Infrastructure and basic services 25% 8.33% | 12.50%
Shift in production and diversification of the rural
economy 15.79% 18.75% | 17.14%
Land-use competition 43.75% 58.33% | 50.00%
Average 37.22% 43.56% | 38.47%
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Figure 15: Results obtained with Configuration 3.
8.5.4. Configuration 4

e Number of keywords: 3

e Rural Context: Yes

e Policy outputs mentioned: Yes

Table 6: Results obtained with Configuration 4.

Topic Precision Recall F1-Score
Biodiversity 46.67% 46.67% | 46.67%
Climate Change and environmental resources 50% 31.03% | 38.29%
Inequalities and Well-being 75% 27.27% | 40.00%
Demographic shift: depopulation, ageing 63.64% 26.92% | 37.84%
Infrastructure and basic services 50% 8.33% | 14.28%
Shift in production and diversification of the rural
economy 20% 12.5% | 15.38%
Land-use competition 63.64% 58.33% | 60.87%
Average 52.71% 30.15% | 36.19%
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Figure 16: Results obtained with Configuration 4.

Based on the results presented above, a number of observations can be made. First of all, not all the topics
obtain the best performance with the same configuration. This forces us to take two measures to fine tune
the results obtained. The first one relates to appropriately tuning the web crawler for each topic. As it was
expected, the recall decreases every time a new constraint is added to the search or one of the previous
ones (e.g. the number of keywords needed) is intensified. On the other hand, the precision increases, but
the number of finally retrieved documents might be too short. It is important to remark that the precision is
a temporal value, because some of the retrieved projects could be missed during the annotation process,
since an intermediate software tool is used (i.e., the CORDIS search engine). The second measure involves
the execution of an additional, manual search for projects and project-related information, available through
their official websites, by the Scientific Editor with the help of the Support Staff. This way, any fluctuations
in the performance of the web crawler, because of a lack of project-related information in project programme
databases or potential inconsistencies in the information available, will be mitigated.

At this point, two different criteria could be implemented to guide the crawler’s project selection. The first
one is to use, for each topic, the configuration that increases the F; score. The second one is to opt for the
solution with the highest recall (i.e. configuration 1), and perform, once the projects are downloaded, some
post-crawling processes to filter most of the projects that have been downloaded but are not relevant. In
the case that some irrelevant projects remain as relevant, the user, together with the help of the filters
implemented in the SHERPA platform, should be able to easily identify and remove them from its workflow.
Two short-term tasks arise after observing results:

e Check which projects that were not retrieved by using Configuration 1, and discuss with the
annotators why these projects appear on the golden corpus. In case all of them are correct, the
crawler should be improved to increase recall until reaching a value close to 100%.

o Discuss with annotators about projects which were retrieved by the crawler, but not through the
use of the CORDIS search engine. After this, precision will be adjusted to a more realistic value;
however ideal results close to 100% will always require manual work.
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The question is whether it is possible to improve the performance with regard to both metrics, i.e. precision
and recall. The answer is that a lot of innovations in NLP have arisen in the last years overcoming the
shortcomings of previous systems. These improvements have been achieved through the use of deep
learning techniques. The two main innovations within this context are Recurrent Neural Networks (RNNs)
(Hochreiter, S. & Schmidhuber, J., 1997) and Word Embeddings (Habibi et al., 2017).

The main features of Recurrent Neural Networks are the following:

e They make use of sequential information.

o They have a memory that captures the significance of the previous input.

¢ RNNs are ideal for text and speech analysis.

e The most commonly used RNNs are Long Short-Term Memory networks (LSTMs).
Word embedding representations can capture latent semantic or grammatical information of words because
they allow words with comparable meaning to have close mathematical representation, based on which
words are used in similar contexts. For example, they can capture semantic (dis)similarities between tokens

that are not visible from their morphological surface (e.g. ‘Rural” and ‘Agriculture”). This approach is highly
related to the transfer learning technique in computer vision.

So finally, as shown in Figure 13, we can envision a new improved methodology combining both *heuristics
+ keywords’ and ‘deep learning’ techniques. The outputs of both methodologies will be weighted taking into
account their individual performances in comparison to the golden corpus.

Project v Project

description description

hd Y

Deep learning (LSTM and
Word Embeddings)

Keywords + Heuristics

Figure 17: Future relevance classification approach: current method and Deep learning.

In Figure 5, there are some classes that extend the ‘InformationExtractor’ class, which are specialised in
extracting the meaningful parts of information from projects. Every database can have different formats; for
example, CORDIS contains relevant information distributed in HTML, XML, and PDF formats. For that reason,
it is necessary that every crawler implements different methods for processing every format. This is the only
way to deal with distinctive features. One clear example is the different HTML files that can be found in
CORDIS and LIFE. On the one hand, CORDIS uses a lot the <div> tag to structure the information, while,
on the other, LIFE uses <table>. An example of this difference can be found in Figures 14 and 15.
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div _ngcontent-c8 class="general-text ng-star-inserted'> == $0

"LANDMARK is a pan-European multi-actor consortium of leading academic and applied research institutes, chambers of agriculture and policy makers tha
will develop a coherent framework for soil management aimed at sustainable food production across Europe."

br:

"The LANDMARK proposal builds on the concept that soils are a finite resource that provides a range of ecosystem services known as “soil functions”.
Functions relating to agriculture include: primary productivity, water regulation & purification, carbon-sequestration & regulation, habitat for
biodiversity and nutrient provision & cycling. Trade-offs between these functions may occur: for example, management aimed at maximising primary
production may inadvertently affect the ‘water purification’ or ‘habitat’ functions. This has led to conflicting management recommendations and polic)
initiatives. There is now an urgent need to develop a coherent scientific and practical framework for the sustainable management of soils."

br:

"LANDMARK will uniquely respond to the breadth of this challenge by delivering (through multi-actor development):"

br:

"1. LOCAL SCALE: A toolkit for farmers with cost-effective, practical measures for sustainable (and context specific) soil management."

<br:

"2. REGIONAL SCALE - A blueprint for a soil monitoring scheme, using harmonised indicators: this will facilitate the assessment of soil functions for
different soil types and land-uses for all major EU climatic zones."

br:

"3. EU SCALE — An assessment of EU policy instruments for incentivising sustainable land management."

br

“There have been many individual research initiatives that either address the management & assessment of individual soil functions, or address
multiple soil functions, but only at local scales. LANDMARK will build on these existing R& initiatives: the consortium partners bring together a
wide range of significant national and EU datasets, with the ambition of developing an interdisciplinary scientific framework for sustainable soil

management."
/div
Figure 18: HTML content in CORDIS displaying LANDMARK project. <djv> is the tag used to structure the
information.
v<table class="tableHeader
¥<tbody
v=lr
w<td colspan="4" class="tdheader
k <div id="wrapperLife" style="border-bottom: 4px solid white !important;"=.=/div
/td
ftr= == $p
v<tr

r=td align="Tleft"=.=/td
w<td class="tdtitle" colspan="2

AgroLIFE - Te promete and enable the leng term conservation of High Mature Value Farmlands in Cyprus"

br
p=LIFE13 BIO/CY/@R1114</p:
FAL:
r=td align="right"=.=/td
/tr
/tbody
/table

Figure 19: HTML content in LIFE displaying AgroLIFE project. The tag used for structuring the information is
<table>.

Another important topic is the ‘PDF_Extractor’, one of the most critical bottlenecks in the scrapping effort.
PDF is a highly uncertain format when being extracted with automatic algorithms. It is true that technologies
have improved and that, nowadays, most information can be extracted. However, the figures, the page
numbers, the headers, and many other data used for layout and human-oriented purposes, can complicate
the extraction of information. Moreover, there are PDFs that are wrongly formatted or whose version is old
and not supported by new extraction libraries. For that reason, the extraction of PDF information in some
databases will be more successful by using different versions of the same library. And several ‘PDF_Extractor’
implementation should be used. Finally, it is important to remark that these specific features add much
complexity to the software maintenance; and therefore, every decision in this part of the extraction must be
carefully studied.

Although the main focus of this crawler development and evaluation was on the intelligence or ability to
download relevant projects, there is also a need for being as fast as possible without crashing the platform
that is being crawled. Table 7 presents the time measurements of each of the databases evaluated within
the scope of this deliverable. Many factors can affect the speed of project extraction process: (i) network,
(i) server availability, (iii) extension of the project description, (iv) number of deliverables, (v) type of
deliverables, (vi) machine state where the crawler is launched, etc. After observing the results, it can be said
that, on average, the extraction of a project takes more than one minute, but less than two minutes. Of
course, all these measurements are liable to change due to any modifications to one of the factors previously
mentioned.
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Table 7: Minimum, maximum, and average time required for extracting projects from the CORDIS and LIFE
databases.

Database Name Min. (sec) Max. (sec) Avg. (sec)
CORDIS 1.96 273.45 105.17
LIFE 0.22 218.82 70.98

9. NoSQL repository selection

In the last years, the Internet and the Web have changed the rules in the way data is stored. Relational
databases, such as MySQL'?, have been found to have certain limitations that can be overcome by other
types of databases using different approaches and paradigms. For instance, the huge amount of data that
nowadays can be stored, implies that choosing a wrong schema at an early stage in a project can lead to
several problems in the next stages. For that reason, the emerging problems are solved in the application
source code trying to fix the limitations of the schema designed. This leads to code that does not solve the
real problem, but, on the other hand, fixes problems previously introduced by a wrong decision. This means
that lots of resources should be allocated to cover these new technical needs, and new functionalities to add
value cannot be implemented.

Contrary to the popular MySQL, MongoDB is a document-oriented database and not a relational one. There
are several reasons for moving away from a relational database, but the most important ones, within the
SHERPA context, are scalability and flexibility. A document-oriented database replaces the concept of a ‘row’
with @ more flexible model, namely the ‘document’. This model fits smoothly into the way developers
manipulate data in modern object-oriented languages and, therefore, code maintainability is improved.
Moreover, with the use of ‘documents’, there is no need for predefined schemas. Without a fixed schema,
adding or removing attributes, as new data sources arise, becomes easier. For instance, after exploring a
new data source, a new project attribute could be found really relevant to filter or to compute some advanced
statistics. The advantage is that it is easier to experiment and developers can try different models for the
data and then choose the best one at each stage of the project. However, the drawback is that in the case
that flexibility is not understood correctly, the schemaless model can be difficult to maintain.

19
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Annex A

Table 8: Projects used as benchmark with topic ‘Biodiversity and Landscape’.

EU Framework Programme Project Acronym
FP6 MULTAGRI

FP6 RES-Integration
FP6 SPEAR

FP6 LUMOCAP

FP6 ERA-ARD

FP6 AGRINERGY
FP6 REFORLAN

FP7 4FCROPS

FP7 ARANGE

FP7 SMARTOPENDATA
FP7 ENVIEVAL

FP7 AGFORWARD
FP7 MEMOLA
H2020 STEAMBIO
H2020 LANDMARK
H2020 NOAW

H2020 DIVERFARMING
H2020 UNISECO
H2020 LIFT

H2020 SUPER-G

Table 9: Projects used as benchmark with topic ‘Demographic Shift: Depopulation and ageing’.

EU Framework Programme Project Acronym
H2020 PoliRural

H2020 PATH

H2020 Mobile-Age
H2020 USES

FP7 RURALJOBS
H2020 NEWBIE

H2020 COASTAL

H2020 RURALIZATION
H2020 AGRUMIG

FP6 RAPIDO

H2020 SIMRA

H2020 YOUNG FARMERS
H2020 MATILDE

FP6 TWISTER

FP6 ETUDE

H2020 ThinkNature
H2020 PERCEIVE

FP7 GILDED

h2020 LIAISON
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https://cordis.europa.eu/project/rcn/74250/factsheet/en
https://cordis.europa.eu/project/rcn/74203/factsheet/en
https://cordis.europa.eu/project/rcn/74226/reporting/en
https://cordis.europa.eu/project/rcn/74923/factsheet/en
https://cordis.europa.eu/project/rcn/75893/factsheet/en
https://cordis.europa.eu/project/rcn/85191/reporting/en
https://cordis.europa.eu/project/rcn/81319/reporting/es
https://cordis.europa.eu/project/rcn/88478/factsheet/en
https://cordis.europa.eu/project/rcn/101749/factsheet/en
https://cordis.europa.eu/project/rcn/110753/factsheet/en
https://cordis.europa.eu/project/rcn/104336/factsheet/en
https://cordis.europa.eu/project/rcn/111056/factsheet/en
https://cordis.europa.eu/project/rcn/111398/factsheet/en
https://cordis.europa.eu/project/rcn/193430/factsheet/en
https://cordis.europa.eu/project/rcn/193323/factsheet/en
https://cordis.europa.eu/project/rcn/193323/factsheet/en
https://cordis.europa.eu/project/rcn/210508/factsheet/en
https://cordis.europa.eu/project/rcn/210508/factsheet/en
https://cordis.europa.eu/project/rcn/215945/factsheet/en
https://cordis.europa.eu/project/rcn/215948/factsheet/en
https://cordis.europa.eu/project/id/818496
https://cordis.europa.eu/project/id/657370
https://cordis.europa.eu/project/id/693319
https://cordis.europa.eu/project/id/656811
https://cordis.europa.eu/project/id/211605
https://cordis.europa.eu/project/id/772835/es
https://cordis.europa.eu/project/id/773782
https://cordis.europa.eu/project/id/817642
https://cordis.europa.eu/project/id/822730
https://cordis.europa.eu/project/id/44264
https://cordis.europa.eu/project/id/677622
https://cordis.europa.eu/project/id/895185
https://cordis.europa.eu/project/id/870831
https://cordis.europa.eu/project/id/502928
https://cordis.europa.eu/project/id/44245
https://cordis.europa.eu/project/id/730338
https://cordis.europa.eu/project/id/693529
https://cordis.europa.eu/project/id/225383
https://cordis.europa.eu/project/id/773418

D4.3 | FIRST RURAL RESEARCH OUTCOMES RETRIEVAL USING SHERPA WEB CRAWLING TOOL

h2020 SmartCulTour
H2020 5GRANGE
H2020 NEXTFOOD
FP6 AIM-AP
H2020 SPOT

H2020 AGRUMIG
FP7 DERREG

FP7 CAP-IRE
H2020 RURITAGE
FP6 SASSPO

Table 10: Projects used as benchmark with topic ‘Climate Change and environmental resources’.

EU Framework Programme Project Acronym
H2020 GREENPATROL
H2020 STEP-IN

H2020 INTELLICORR
H2020 WATERPROTECT
H2020 PoliRural

FP7 BIOECOSIM

FP7 ENVIEVAL

FP6 SASSPO

H2020 TeRRIFICA

FP7 WATER4CROPS
FP6 ADAGIO

FP7 FUME

H2020 CD-LINKS
H2020 ECOPOTENTIAL
FP6 MEDRES

FP7 RURAL DECISIONS
H2020 EMME-CARE
H2020 BioVill

H2020 EFFECT

H2020 CONSOLE

FP7 BIR AL-NAS

FP6 ALARM

H2020 DataBio

H2020 ESMERALDA
H2020 TERESA

FP6 ThinkNature
H2020 SteamBio
H2020 OPERAS

FP7 GROW GREEN
H2020 SMARTPROTECT
H2020 CoPs
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https://cordis.europa.eu/project/id/870708
https://cordis.europa.eu/project/id/777137
https://cordis.europa.eu/project/id/771738
https://cordis.europa.eu/project/id/28412
https://cordis.europa.eu/project/id/870644
https://cordis.europa.eu/project/id/822730
https://cordis.europa.eu/project/id/225204
https://cordis.europa.eu/project/id/216672
https://cordis.europa.eu/project/id/776465
https://cordis.europa.eu/project/id/22698
https://cordis.europa.eu/project/id/776324
https://cordis.europa.eu/project/id/785125
https://cordis.europa.eu/project/id/742930
https://cordis.europa.eu/project/id/727450
https://cordis.europa.eu/project/id/818496
https://cordis.europa.eu/project/id/308637
https://cordis.europa.eu/project/id/312071
https://cordis.europa.eu/project/id/22698
https://cordis.europa.eu/project/id/824489
https://cordis.europa.eu/project/id/311933
https://cordis.europa.eu/project/id/44210
https://cordis.europa.eu/project/id/243888
https://cordis.europa.eu/project/id/642147
https://cordis.europa.eu/project/id/641762
https://cordis.europa.eu/project/id/32020
https://cordis.europa.eu/project/id/235979
https://cordis.europa.eu/project/id/856612
https://cordis.europa.eu/project/id/691661
https://cordis.europa.eu/project/id/817903
https://cordis.europa.eu/project/id/817949
https://cordis.europa.eu/project/id/327287
https://cordis.europa.eu/project/id/506675
https://cordis.europa.eu/project/id/732064
https://cordis.europa.eu/project/id/642007
https://cordis.europa.eu/project/id/44400
https://cordis.europa.eu/project/id/730338
https://cordis.europa.eu/project/id/636865
https://cordis.europa.eu/project/id/308393
https://cordis.europa.eu/project/id/730283
https://cordis.europa.eu/project/id/862563
https://cordis.europa.eu/project/id/820501
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Table 11: Projects used as benchmark with topic ‘Inequalities and Well-being'.

EU Framework Programme Project Acronym
H2020 EWTEK

H2020 RELOCAL

H2020 RURALIMAGINATIONS
H2020 RurInno

FP7 DERREG

FP6 SCARLED

FP6 RUBIZMO

H2020 FEMAGREE

H2020 MUSE GRIDS

H2020 DomEQUAL

H2020 PoliRural

H2020 RURALIZATION

FP6 QUING *

FP6 TOP-MARD

FP6 PROMHEAL *

FP6 FARMING ECONOMICALLY
H2020 SALSA*

Table 12: Projects used as benchmark with topic ‘Infrastructure and basic services’.

EU Framework Programme Project Acronym
H2020 BioVill

FP7 SmartRuralGrid
FP7 SARDANA

FP6 TWISTER

FP6 A-BARD

H2020 WETPaC

FP7 TUCAN3G

H2020 ATTAVIK

H2020 ECMO-BIOMARKER
H2020 DeltaScan

H2020 LIVERUR

H2020 RURACTION

Table 13: Projects used as benchmark with topic *Shift in production and diversification of the rural economy’.

EU Framework Programme Project Acronym
H2020 Dendromass4Europe
H2020 VineScout

H2020 POWER4BIO
H2020 CAPTIVATE

H2020 RURALIZATION
H2020 AfricanBioServices
H2020 GO-GRASS

H2020 RUBIZMO
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https://cordis.europa.eu/project/id/657223
https://cordis.europa.eu/project/id/727097
https://cordis.europa.eu/project/id/772436
https://cordis.europa.eu/project/id/691181
https://cordis.europa.eu/project/id/721999
https://cordis.europa.eu/project/id/44201
https://cordis.europa.eu/project/id/773621
https://cordis.europa.eu/project/id/798421
https://cordis.europa.eu/project/id/824441
https://cordis.europa.eu/project/id/818496
https://cordis.europa.eu/project/id/818496
https://cordis.europa.eu/project/id/817642
https://cordis.europa.eu/project/id/817642
https://cordis.europa.eu/project/id/501749
https://cordis.europa.eu/project/id/31774)
https://cordis.europa.eu/project/id/10680
https://cordis.europa.eu/project/id/677363
https://cordis.europa.eu/project/id/691661
https://cordis.europa.eu/project/id/619610
https://cordis.europa.eu/project/id/217122
https://cordis.europa.eu/project/id/513697
https://cordis.europa.eu/project/id/672287
https://cordis.europa.eu/project/id/601102
https://cordis.europa.eu/project/id/868035
https://cordis.europa.eu/project/id/853850
https://cordis.europa.eu/project/id/820555
https://cordis.europa.eu/project/id/773757
https://cordis.europa.eu/project/id/721999
https://cordis.europa.eu/search/en?q=contenttype%3D%27project%27%20AND%20(programme%2Fcode%3D%27H2020%27%20OR%20programme%2Fcode%3D%27FP7%27%20OR%20programme%2Fcode%3D%27FP6%27)%20AND%20(%27rural%27%20AND%20%27attractiveness%27%20AND%20%27employment%27%20AND%20%27rural%27%20AND%20%27value%27%20AND%20%27chain%27%20AND%20%27job%27%20AND%20%27opportunities%27%20AND%20%27farmers%27)&p=1&num=10&srt=Relevance:decreasing
https://cordis.europa.eu/project/id/737669
https://cordis.europa.eu/project/id/818351
https://cordis.europa.eu/project/id/755937
https://cordis.europa.eu/project/id/817642
https://cordis.europa.eu/project/id/641918
https://cordis.europa.eu/project/id/862674
https://cordis.europa.eu/project/id/773621
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FP7 SOLINSA
H2020 Diverfarming
FP6 RAPIDO

FP7 RURALJOBS
FP7 MICROFUEL
H2020 SCREEN
H2020 AgroCycle
H2020 BIOEASTsUP
H2020 Smartmushroom
H2020 NB4WASTE
H2020 BE-Rural
H2020 SmartCulTour
H2020 SIMRA

Table 14: Projects used as benchmark with topic ‘Land-use competition’.

EU Framework

Programme Project Acronym
H2020 ROBUST

H2020 RURITAGE

H2020 COASTAL

H2020 PoliRural

H2020 RURALIZATION
FP7 TURAS

FP6 ATLAS *

FP7 LUPUS *

FP7 PRIMA

H2020 SALSA

FP7 POLELUC

H2020 PEGASUS

FP7 MARSUPIA

FP7 DARDRA

H2020 Nutri2Cycle
H2020 Circular Agronomics
H2020 LANDSUPPORT
FP6 PLUREL
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https://cordis.europa.eu/project/id/266306
https://cordis.europa.eu/project/id/728003
https://cordis.europa.eu/project/id/44264
https://cordis.europa.eu/project/id/211605
https://cordis.europa.eu/project/id/218454
https://cordis.europa.eu/project/id/730313
https://cordis.europa.eu/project/id/690142
https://cordis.europa.eu/project/id/862699
https://cordis.europa.eu/project/id/820352
https://cordis.europa.eu/project/id/782670
https://cordis.europa.eu/project/id/818478
https://cordis.europa.eu/project/id/870708
https://cordis.europa.eu/project/id/677622
https://cordis.europa.eu/project/id/727988
https://cordis.europa.eu/project/id/727988
https://cordis.europa.eu/project/id/773782
https://cordis.europa.eu/project/id/818496
https://cordis.europa.eu/project/id/817642
https://cordis.europa.eu/project/id/282834
https://cordis.europa.eu/project/id/18543
https://cordis.europa.eu/project/id/273191
https://cordis.europa.eu/project/id/212345
https://cordis.europa.eu/project/id/677363
https://cordis.europa.eu/project/id/294234
https://cordis.europa.eu/project/id/633814
https://cordis.europa.eu/project/id/622830
https://cordis.europa.eu/project/id/220832
https://cordis.europa.eu/project/id/773682
https://cordis.europa.eu/project/id/773649
https://cordis.europa.eu/project/id/774234
https://cordis.europa.eu/project/id/773682
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