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Abstract 
The integraCon of ArCficial Intelligence (AI) in libraries offers wide impact on the evoluCon 
of informaCon access and management. It allows both streamlining internal processes and 
transforming the way users interact with informaCon resources, thus enhancing 
effecCveness and operaConal efficiency while enriching the user experience. This arCcle 
presents the experience in incorporaCng several AI techniques in Chile’s Library of 
Congress (BCN), and describes three iniCaCves: 1) publishing legislaCon as linked open data 
with SemanCc Web technologies, combining machine-readable comprehension to high 
standards of interoperability; 2) maintaining the history of legislaCon, via automaCc 
tagging of legislaCve documentaCon with natural language processing; and 3) predicCng 
law approval based on current poliCcal context, using machine learning. The use of these 
technologies has allowed BCN to offer a wide variety of knowledge management services, 
providing useful and Cmely informaCon for parliamentary work, and automated human-
based repeCCve tasks for efficient use of public resources. 
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Introduc*on 
Ar$ficial Intelligence (AI) is becoming widely used to facilitate automa$on and support 
in various human tasks, and its integra$on in libraries is having significant impact on 
the evolu$on of informa$on access and management. Techniques that are 
increasingly frequent include Natural Language Processing (NLP), intelligent search 
engines or mul$modal discoverers, and the use of physical or virtual robots. These 
uses allow to streamline internal processes, and also transform the way users interact 
with informa$onal resources, thus enhancing opera$onal efficiency and effec$veness 
while enriching the user experience. 

In more legisla$ve-specific use cases, AI tools are being used to process session 
video records, analyze legisla$ve documents, build ci$zen engagement tools, and 
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support legal and parliamentary advice, among others Chalkidis et al. (2017); Fitsilis 
(2021); Gagnon and Azzi (2022); Elsawy and Shehata (2023); Oksanen et al. (2019); 
Klapwijk et al. (2021); Ben-Porat and Lehman-Wilzig (2020). 

In line with this global trend, the Congress Library of Chile (BCN1), a parliamentary 
library with significant ci$zen engagement, is commi[ed to maintaining the highest 
standards of quality and efficiency in genera$on and use of a wide range of products 
and services. Technological tools have played a crucial role, improving produc$vity 
processes and enabling a con$nuous expansion of services for both Congress 
members and staff and the public at large. 

This ar$cle describes three altogether different AI applica$on in BCN, each using 
different technologies: (1) publica$on of linked open data on legisla$on, using 
seman$c web technologies that combine machine-readable comprehension 
(vocabularies, ontologies, and Shape expressions) with high standards of 
computa$onal expressivity and interoperability, delivering over 52 million RDF triplets 
for public use; (2) crea$on of “History of the Law” and “Parliamentary Labour”, using 
automa$c tagging of legisla$ve documenta$on using NLP, ML, Linked Data / Linked 
Open Data (LOD), and the Akoma-Ntoso XML standard (AKN), reducing document 
processing $mes by 37.5%; and (3) implementa$on of an approval predictor for 
individual laws, using a logis$c regression model that takes informa$on from the 
current poli$cal context, achieving an 86% accuracy rate. 

Developing these projects with AI-based technology has allowed BCN to offer a 
wide variety of knowledge management services, providing useful and $mely 
informa$on to the Parliamentary Community, Legal Community, and Ci$zens at large. 
 

Towards a Seman*c Web based Library 

The Seman)c Web 
The Seman$c Web emerged around the year 2000, based on the idea of extending the 
link between two exis$ng pages on the (non-seman$c) Web, which lacks a meaning 
other than a simple connec$on (in HTML, the <a href...> tag), to one where the links 
have a specific, machine-readable meaning. This would make it possible to create 
intelligent agents capable of naviga$ng, understanding, and solving human problems 
by exploring the Web. To achieve this, the Seman$c Web proposes a technological 
stack based on two fundamental elements derived from the tradi$onal Web: the first 
is the concept of URI, or Uniform Resource Iden$fier, which is basically a resource 
iden$fier from an abstract point of view (like an ID or passport number for a person) 
and is slightly different from URLs that locate documents. This means that a single 
resource can have one URI but several URLs, depending on the representa$ons of the 
resource. For example, if an ar$cle is published at a URI, accessing it can provide a 
machine-readable representa$on for an applica$on, while a human user might obtain 
a readable copy in their language. The second element is the Resource Descrip$on 
Framework or RDF, which is a declara$ve format that allows describing a resource 

 
1 Biblioteca del Congreso Nacional (BCN): h6ps://www.bcn.cl 
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defined by a URI through a[ributes and rela$onships with other resources and can be 
implemented in mul$ple syntaxes, such as JSON, XML, or CSV. The idea behind URIs 
and RDF is that both data and data models (vocabularies, taxonomies, and ontologies) 
can be described in the same format and under an interoperability model based on 
HTTP. 

With this aspect resolved, in 2006, the creator of the Web, Tim Berners-Lee, 
proposed the Web of Data and LOD Berners-Lee (2006), promo$ng the interna$onal 
adop$on of data publica$on standards using Seman$c Web technologies at 
government level. The LOD Cloud project2 has grown from 12 open linked datasets in 
2007 to 1314 datasets in 2023. 

Mo)va)on in the library 
The availability of linked open data has mul$ple jus$fica$ons in a public sector library: 

• Public data facilitate studies and research. 
• Open systems facilitate external contribu$ons. 
• Public data belongs to ci$zens, as they are financed through taxes. 
• Public data builds trust by promo$ng informa$on transparency. 

The first Seman$c Web project in BCN aimed to publish the database of Chilean 
legisla$on as Linked Open Data (where legisla0on is the set of rules, laws, decrees, etc 
that define the legal order). Most na$ons have mechanisms for publica$on of 
legisla$on: Official Gaze[e, Official Bulle$n, Government Publishing Office, and so on. 
In Chile, the legal fic0on of knowledge was sadly true, because the Official Gaze[e is 
not freely accessible; approved laws mainly amend previous texts rather that 
providing texts in force; and accessing older legisla$on is very challenging. 

To address this, BCN launched in 2008 the “Ley Chile” (Chile Law) website, 
containing full text of legal norms; their versions, amendments, and related 
informa$on, like related bills and jurisprudence; a search engine; and several tools for 
use and interoperability. While the primary objec$ve of this website was to address 
the legal certainty issue, it serves current texts to Congress and ci$zens at large. 

In 2024, it averages 80,000 daily visits, a high number given its specialized content 
and the Chilean popula$on of about 17 million internet users. Well aware of the public 
value of this database, in 2011 BCN provided access as LOD for Ley Chile, releasing the 
datos.bcn.cl portal Cifuentes-Silva et al. (2011). 

 
Seman)c Web infrastructure 
The datos.bcn.cl portal serves linked open data generated by Congress, belonging to 
several collec$ons and origina$ng from diverse sources. To achieve this, it implements 
a compu$ng infrastructure with several elements, as follows. 

 
2 h6ps://lod-cloud.net/#about 
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RDF Triple Store A key aspect of a technological infrastructure for the Seman$c Web is 
a database engine that not only allows for proper storage and management of data 
but also enables querying for intra-organiza$on use and public availability. In this 
scenario, the appropriate component is an RDF Store Hertel et al. (2008), which can 
be implemented either as a na$ve RDF database or as a rela$onal database with RDF 
and SPARQL mapping components. This component has three desired characteris$cs: 
firstly, it should provide a query interface in the SPARQL language, the de facto 
standard query language in the Seman$c Web; secondly, it should have the ability to 
store informa$on in structures called graphs (represented by a URI), which allow 
grouping RDF triples similar to how a table does in a rela$onal database. Strictly 
speaking, a data tuple or quad is composed of four elements: the three parts of an 
RDF triple (subject, predicate, object) plus the graph it belongs to. The third desired 
characteris$c of the database is the ability to execute federated queries by accessing 
other public databases through what is defined in the SPARQL 1.1 Protocol World 
Wide Web Consor$um (2013). For BCN’s case, the implementa$on of this part of the 
technological stack u$lizes the Openlink Virtuoso RDF database. 

Linked Data Frontend A Linked Data Frontend (LDF) is an essen$al tool that enables the 
HTTP publica$on of all URIs exis$ng in the RDF Triplestore. The main idea is that the 
tool receives HTTP requests to URIs defined in a mapping file (commonly a regular 
expression associated with a SPARQL or SQL query). At that moment, it connects to 
the RDF database and retrieves all RDF triples corresponding to the resource 
associated with the URI. Then, through content nego$a$on (HTTP 303 code), it 
delivers the data representa$on that best fits the HTTP request (one of the RDF 
syntaxes, which can vary between HTML, RDF+XML, RDF+JSON, and many others). For 
the datos.bcn.cl project, we implemented the WESO-DESH tool, an open-source LDF 
wri[en in Java that integrates RDFa into its HTML view. 

Data models For the publica$on of open data, it is essen$al to describe the model that 
shapes the data in such a way that they can be understood. From the technological 
stack of the Seman$c Web, tools are provided that allow expressiveness at different 
levels: 

Vocabularies and Ontologies  
An ontology is a formal specifica$on of a 
representa$onal vocabulary for a shared domain, encompassing classes, rela$ons, 
and other objects. In short terms, it is an explicit specifica$on of a conceptualiza$on 
Gruber (1993). In the field of Seman$c Web, ontologies enable the descrip$on of 
the seman$c aspects of a data model through technologies such as RDF3, RDF 
Schema4, and OWL5, facilita$ng the specifica$on for sharing and reusing data. 

For implemen$ng ontologies and vocabularies for our own data, it’s ideal to reuse 
other schemas (vocabularies and ontologies) that define proper$es or classes 

 
3 h6ps://www.w3.org/RDF/ 
4 h6ps://www.w3.org/TR/rdf-schema/ 
5 h6ps://www.w3.org/TR/2004/REC-owl-ref-20040210/ 
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seman$cally equivalent to our domain model. This is mainly because there are 
mul$ple general-purpose and specific-purpose vocabularies that have been around 
for a long $me and are well-known within the community, making their use for 
describing data models natural and easy to understand. If the elements of the domain 
model we need to model haven’t been modeled before, or if we define a specific use 
case, it will be necessary to design an ontology that allows us to model the problem 
domain. To design and be able to reuse the data, there are several ontology matching 
techniques available that enable reuse Kalfoglou and Shorlemmer (2003); Giunchiglia 
et al. (2005); Jean-Mary et al. (2009). It’s also important to consider the principles of 
reuse, don’t reinvent and mix freely Bizer et al. (2008) . At a technical level, it’s ideal to 
use OWL World Wide Web Consor$um (2012), RDFS Guha and Brickley (2014), or a 
combina$on of both. RDFS allows for the expression of classes, proper$es, 
hierarchies, domain and range of proper$es, and other elements such as defining 
sequences. On the other hand, OWL enables the descrip$on of higher levels of 
expressiveness such as transi$ve rela$ons, set opera$ons, nega$ons, quan$fiers, 
cardinali$es, and other property a[ributes. 

RDF data shapes It is another aspect of the Seman$c Web Stack, that provides a 
method to describe and validate RDF data, describing shapes or the topology of a node 
group in the context of a specific RDF graph, extending the expressivity of data 
specifica$on, and filling a valida$on space not covered by ontologies and vocabularies. 
Shape Expressions (or simply ShEx) Prud’hommeaux et al. (2014) and Shapes 
Constraint Language (SHACL) Knublauch et al. (2017) are the most widely accepted 
proposals to define and validate RDF graph’s topology, and although SHACL has 
become a W3C recommenda$on, ShEx is being used in many different scenarios 
Solbrig et al. (2017); Labra-Gayo et al. (2014); Thuluva et al. (2018); Cifuentes-Silva et 
al. (2020); García-Gonzalez et al. (2020) due to its concise and human-readable syntax, 
and an increasing set of open source and community tools that are currently being 
developed. Shapes, Vocabularies, and Ontologies must be described based on an 
HTTP URIs, which can later be treated in abbreviated syntax as a namespace or prefix. 

Documenta)on portal 
A documenta$on portal provides indispensable func$ons for the datasets published 
by an organiza$on, including: 

• Data Descrip$on: It allows for detailed descrip$ons of the ontologies, 
vocabularies, and Shapes that structure the data, which is essen$al for correct 
interpreta$on. It also enables describing the dataset’s content, purpose, origin, 
data lifecycle elements (such as crea$on and modifica$on dates), and the 
source or provenance of the data, helping users understand the value and 
poten$al applica$ons of the data. Addi$onally, it is useful to describe the URI 
pa[erns of the exposed RDF graph, providing an even greater level of 
understanding of the dataset. 

• Interoperability Mechanisms: It allows for describing the technical 
specifica$ons on which the data is published, including data formats, URIs, and 
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publica$on standards. This encompasses the existence and access methods of 
the SPARQL endpoint or APIs, available content nego$a$on mechanisms, and 
the presence or absence of data dumps associated with the various published 
datasets and periods. 

• Promote the Use of Open Data: This can be achieved by publishing manuals or 
user guides that explain how to query and use the data, either through SPARQL 
examples or direct access via the URIs where the data is exposed. 

• Provide a Communica$on Channel with the Community: It allows for 
establishing a link between the organiza$on and the data user community, 
where channels such as contact forms, forums, or mailing lists related to the 
data can be set up. At the same $me, it enables the publica$on of data usage 
terms and news about updates to the available data. 

Seman)c Web in use 
The first set of linked open data published by BCN was the datasets of Chilean laws in 
2011 Cifuentes-Silva et al. (2011). The main idea behind this implementa$on was to 
conduct a proof of concept to validate the technology and explore poten$al uses. The 
work involved designing an ontology of laws associated with the Chilean model and 
then genera$ng RDF triples for all the exis$ng laws in the Ley Chile database. 
Addi$onally, an update tool was installed to keep the data up-to-date as new laws 
were published. This implementa$on included an RDF graph that allowed linking and 
naviga$ng laws across their various versions, rela$ng them to the different 
organiza$ons that generate them, and, in the case of interna$onal trea$es, linking 
them to their respec$ve countries (connec$ng these to their URIs in DBpedia and 
Wikidata), among other things. All this was published in URIs that were not only 
unique but also readable, op$ng for the use of hierarchical URIs. Although only the 
basic metadata of the laws (such as $tle, date, crea$ng organiza$on, modifica$on 
date, type of law, link to the XML text, and others) were published at that $me, the 
experience proved useful for the interoperability and availability of the data to other 
state agencies and the public, as well as for conduc$ng proof-of-concept tests with 
SPARQL and considering the possibility of mixing this data with other data. In this first 
project, 300,000 laws were published in RDF, equivalent to 8 million RDF triples. As of 
June 2024, there are 748,000 laws in RDF and 13.7 million RDF triples. 

Then, we defined an ontology6  of legal norms and a namespace prefix for the 
ontology, which is related with the par$cular context of the na$onal reality. We 
considered a structure extensible to others domains such as parliament, educa$on, 
health and others. This ontology has been wri[en using both RDF Schema and OWL, 
making possible the applica$on of inferences to RDF graph. Another important feature 
of the ontology, is that it has been composed using previous ontologies and datasets 

 
6 h6p://datos.bcn.cl/ontologies/bcn-norms/doc/ 
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such as SKOS Bechhofer and Miles (2009), Dublin Core Baker (2000), FOAF Brickley 
and Miller (2007), Geonames7, Organiza$on8 and DBPedia9. 

By u$lizing the la[er two, we were able to link data from the legal norm graph to 
external record sets, specifically interna$onal trea$es and countries. This task was 
challenging due to the significant amount of manual labor required. Finally, the 
ontology was stored in the RDF store to enable inferences, as already published on 
the web using RDF/XML and Turtle syntax text files. The documenta$on was published 
in both Spanish and English. 

During the same year 2011, BCN began developing its first projects based on linked 
open data. These projects aimed to facilitate interoperability within BCN’s systems and 
enable ci$zens to reuse data and access all products and services based on unique 
iden$fiers (URIs). Two of these projects were strategic for BCN’s defini$ve 
implementa$on as a Seman$c Web Based Library: The History of the Law (HL) system, 
which aimed to collect, process, and publish the collec$on of all the documents 
generated during a law’s legisla$ve processing; and the Parliamentary Labor (PL) 
system, which aims to compile all legisla$ve ac$vity carried out by a parliamentarian 
during the exercise of his office, such that it has been registered in printed media 
belonging to the legisla$ve power, such as a parliamentary mo$on, a session journal 
or a commission report. For the implementa$on of both systems, a diverse set of 
ontologies was implemented, and several datasets were published, including: 

Parliamentary biographies: This dataset is composed by two main elements: an 
ontology (Biographies ontology10) that provides a model of classes and proper$es in 
RDFS and OWL, which is defined based on the FOAF, Dublin Core, and Time ontologies, 
and allows for the descrip$on of people, poli$cal par$es, and other related concepts 
such as events (birth, death) and poli$cal posi$ons (senator, deputy, president), 
among others; and a second element, the data, published as Linked Open Data in RDF, 
which provides basic informa$on about each person, their periods of membership to 
poli$cal par$es and parliamentary posi$ons held since 1810. By June 2024, the 
database contains 5,296 people related to the poli$cal history of the country. Figure 
1 displays, on the let side, a por$on of the biographies ontology model associated 
with the person en$ty. On the right side, it shows the data of Gabriel Boric, Chile’s 
President, in an RDF representa$on (HTML + RDFa). 

The first data load was collected from an ins$tu$onal wiki (based on MediaWiki) 
where biographical reviews of the main poli$cal actors in the history of the country 
are stored, archived and maintained. This ins$tu$onal wiki, developed in 2010, 
contained RDFa metadata that was extracted and transformed into RDF. This was 
accomplished using a model of dereferenceable URIs, allowing seamless naviga$on 
through various types of resources. Although a large amount of data was normalized 
during this process, due to the fact that the Wiki did not have valida$on mechanism 

 
7 h6p://www.geonames.org/ontology/documentaKon.html 
8 h6p://www.epimorphics.com/public/vocabulary/org.html 
9 h6p://wiki.dbpedia.org/Ontology 
10 h6ps://datos.bcn.cl/ontologies/bcn-biographies/doc/ 
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of the inputs, there have been minor errors related to formats and some 
inconsistencies in the informa$on such 

 



9 

Prepared using sagej.cls 

Figure 1. Parliamentary biographies dataset - Top: part of ontology model, Bo.om: person in RDF 

as duplicate periods of militancy or dates in different formats that have progressively 
been corrected manually. Currently, the data edi$ng process is carried out directly on 
the RDF Triplestore, and most of the databases of the various systems in BCN use the 
parliamentarians’ URIs for interoperability. 

Geography: The geography ontology11 provides a model of classes and proper$es in 
RDFS and OWL that describes geographic en$$es from the different models of 
territorial division exis$ng in the Chilean poli$cal administra$on. In this way, it defines 
both the distribu$on by regions, provinces, and communes (administra$ve), as well 
as the division by districts and cons$tuencies (electoral). This model allows, among 
other things, to solve the problem of the different territorial distribu$ons of a country 
over $me, for example when a territorial division of the region type is divided into 
two; as well as defining the different electoral divisions, which vary according to how 
the electors are distributed in the country over $me. Currently, the linked open 
dataset published associated with this domain model covers the various historical 
geographical distribu$ons of the country and their rela$onships (country, region, 
province, commune), as well as the current electoral distribu$ons (electoral district 
and senatorial cons$tuency). 
Bills and LegislaEve resources: This dataset comprises the data of bills as well as the 
ontology models of Congress and Legisla0ve resources, which have been presented in 
detail in a previous work Cifuentes-Silva et al. (2023, 2024). A bill is a document 
submi[ed to the Na$onal Congress to propose a legal text, to be debated by Congress 
with the aim of crea$ng a new law. In Chile, a bill can be introduced either by the 
execu$ve branch (referred to as a Presiden$al Message) or by a member of Congress 
(known as a Parliamentary Mo$on). The dataset of bills contains informa$on such as 
basic metadata ($tle, bill number, submission date, status, URL to the text), access to 
its processing in the Senate’s tracking system, details of each stage it has undergone, 
and the votes associated with the bill. For bills that have been enacted into law, it also 
includes a link to the law in the Ley Chile system. 

The legisla$ve resources ontology12 and Congress model13, both implemented in 
RDFS and OWL models a wide variety of concepts and rela$onships associated with 
the work of the Na$onal Congress, including the defini$on of bills, votes, document 
structures, elements of the legisla$ve process, and many other abstrac$ons necessary 
for automa$ng tasks associated with the law-making process. These ontologies are 
heavily used in several internal applica$ons due to their breadth, and indeed, both 
serve as the founda$on for the metadata of XML documents processed in the open 

 
11 h6ps://datos.bcn.cl/ontologies/bcn-geographics/doc/ 
12 h6ps://datos.bcn.cl/ontologies/bcn-resources/doc/ 
13 h6ps://datos.bcn.cl/ontologies/bcn-congress/doc/ 
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standard for legal documents, AKN. Finally, the legisla$ve resources ontology is also 
modeled using a Shape Expressions14 schema developed in ShEx. 

NaEonal budget: As presented in Cifuentes-Silva et al. (2020), the Na$onal budget 
dataset is based on an ontology15 that represents the Chilean budget law published 
annually, the rela$onships between different state agencies that receive and allocate 
budget amounts to dependent agencies, and the budget execu$on of each of them. 
Among the main vocabularies and ontologies used for building this model are SKOS, 
RDFS, Dublin Core, OWL and the core vocabulary. Also, for this data model Shape 
Expressions are implemented. In structural terms, the budget law has a hierarchical 
composi$on in seven main levels, what is reflected in the ontology. The first level 
explains in an aggregated form the na$onal budget, the next three coincide largely 
with state agencies that use public funds, and the next three describe the internal 
composi$on of budget within an organiza$on. Each of the elements presented in each 
level has an associated number defined in the Law, for instance Chapter 16 for the 
Ministry of Health. 

In this way, the data model is composed by two main types of RDF classes: 
metamodel classes, such as Budget Execu$on, Budgetary En$ty and Budget En$ty, 
which model common behavior for domain business classes and are useful for 
describing domains and ranges in RDF proper$es; and domain business classes, such 
as Na$onal Budget, Batch, Chapter, Program, Sub$tle, Item and Alloca$on, which can 
give meaning to data, and to establish constraints such as the usage of owl:oneOf 
declara$on. 

Regarding the data, the content of the dataset is monthly updated according to 
budget execu$on, and can be consumed via the SPARQL endpoint, by content 
nego$a$on in other formats or through the monthly dumps available on the website 
API16. 

Other datasets and models: Since the publica$on of the first dataset available as linked 
open data in BCN, several models have been implemented and used transiently or 
par$ally in different projects. Some of them are: 

• Communal Reports Ontology: classes and proper$es (in Turtle and RDF/XML) 
that describe indicators from official sources on demographic, social, 
educa$onal, economic, municipal, and ci$zen security data of each commune 
in Chile; this ontology is described in both . 

• Transparency Ontology: a classes and proper$es (in RDFS and OWL) to depict 
hierarchies and labor rela$ons among func$onal units and officials within BCN; 
it was used for RDFa markup in an earlier transparency website. 

 
14 h6ps://datos.bcn.cl/ontologies/bcn-resources/bcn-resources.shex 
15 h6ps://www.bcn.cl/presupuesto/linked-open-data/vocabulario.rdf 
16 h6ps://www.bcn.cl/presupuesto/api 
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Results 
BCN has established itself in La$n America as a library built on an open technology 
stack, where Seman$c Web technologies play a crucial role both in publica$on and 
availability of open data for free use, as well as in crea$on of products based on these 
technologies. As of June 2024, more than 52 million RDF triples have been published 
with a sustained growth rate, along with 9 ontologies and domain-specific 
vocabularies, produc$on systems, and numerous technological tools that u$lize the 
data and models. 
 

Furthermore, over $me this philosophy of providing data openly and freely for 
thirdparty use has become ingrained in the organiza$onal culture, and many new 
projects use and produce data available as linked open data. 

Limita)ons 

Without prejudice to the foregoing, it is important to highlight some of the most 
significant limitations of this work: 

• Although the complete set of legal norms of the state was published in 
RDF, the dataset contained only the basic metadata of the norms and a link 
to the XML version, but not the triples associated with their content or 
normative structure. These could be highly useful for implementing 
applications and performing analysis with graph-based tools. This omission 
was due to the fact that a single norm can generate thousands of triples by 
itself, not to mention updated versions of norms that are automatically 
composed from the text of amending norms or other linkages. 

• Some initiatives associated with RDFa mentioned in the study are no longer 
available as web pages. This is due to the technological replacement of 
applications, coupled with a shift in focus from interoperability to usability. 

• In the case of the biographies wiki, RDFa was initially used for populating 
and structuring person-related data. However, RDFa is no longer used to 
mark biographical entries. Instead, the RDF representation of person 
entities is now directly derived from the internal parliamentary database. 

• Another significant limitation is that linking to external datasets, such as 
Wikidata, is performed manually on a resource-by-resource basis, without 
automated mechanisms to streamline the process. 

• Finally, it is worth mentioning that a wide variety of datasets and web 
services not based on Semantic Web technologies were not included in this 
work. 

Natural Language Processing of legisla*ve documents 
To discuss natural language processing, it is necessary to provide context about the 
projects that drove this technology at BCN. 
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History of the Law and Parliamentary Labor 
At the beginning of 2012, the development of the projects History of the Law (HL) and 
Parliamentary Labour (LP) began, presented in detail in Cifuentes-Silva and Labra-
Gayo (2019), which would expand the catalog of products and services that BCN offers 
to the public and the Na$onal Congress. 

A History of the Law (HL) is the collec$on of all the documents generated during a 
law’s legisla$ve processing; since the ini$a$ve that gives life to the bill, un$l its 
discussion in the Congress, the reports of the parliamentary commi[ees that studied 
it and the transcripts of the debates in the session’s rooms, gathering their traceability 
within the legisla$ve process. The HL allows someone to collect the so-called spirit of 
the Law, allowing its interpreta$on in a precise way in rela$on to the scope and sense 
that was given to the norm when it was legislated. This legal instrument is par$cularly 
useful both for judges when preparing judgements and for lawyers when they use 
certain rules to support their arguments. 

Similarly, the Parliamentary Labour (LP) is a compila$on of all the legisla$ve ac$vity 
carried out by a parliamentarian during the exercise of his office, such that it has been 
registered in printed media belonging to the legisla$ve power, such as a parliamentary 
mo$on, a session journal or a commission report. 

In Chile un$l 2011, both products were made by legal analysts, only for specific 
requests, and by processing manually each document related to a Law. The objec$ve 
of the HL and PL project was the establishment of a technological infrastructure 
support and the necessary processes for the semi-automated elabora$on of the 
History of the Law, covering all the laws of the republic, and its subsequent availability 
to the public, both through open data and via a public access web portal. 

For the electronic and semi-automated elabora$on of both documentary 
collec$ons, it is required to have a granular database, which registers all the 
documents of the legisla$ve process where any reference to bills or parliamentarians 
is made, allowing later to extract and recover selec$vely, what was discussed around 
a bill that will become law, as well as what a certain legislator has said in any context. 
For this reason, the OASIS standard for legal documents - AKN Palmirani and Vitali 
(2011) has been used for the construc$on of these project, since it provides electronic 
representa$ons of parliamentary, norma$ve and judicial documents in XML using 
seman$c markup and annota$on of textual documents through Linked Open Data 
(LOD), allows the addi$on of seman$c marks on the text, which in turn allow the 
precise iden$fica$on of the loca$on of parliamentary interven$ons, the presence of 
debates around a bill, the processing phases, and many other types of metadata. 

Datasets 
To create HL and LP products, we used several datasets, as follows. 

LegislaEve Process Documents: This dataset includes basic metadata schema (URI, $tle, 
date, origina$ng chamber, document type, and more) and documents content in text 
(TXT) and XML (AKN version). There are several document types, coming from 
different formats. First, the legisla$ve process has several types of documents, chiefly 



13 

Prepared using sagej.cls 

the Session Log; it includes a[endance records, a transcrip$on of the floor discussion 
(parliamentarians’ speeches), and oten several documents presented during the 
session, like official le[ers, bill proposals (mo$ons or messages), communica$ons, and 
more. Another important document type is the Commi[ee Report, which provides an 
extended summary of what occurred in the session of a commi[ee; it has a structure 
similar to the Session Log, but focused on issues within remit of each commi[ee. 

Each document type, depending on its period and origina$ng chamber, has different 
drating rules and structures, which have evolved over $me; as an extreme, older 
documents use an outdated Spanish orthography (Andres Bello’s orthography)´ 17. 

The documents format also varies according to their period. Documents before 
September 1973 (when Congress was dissolved) were only available in physical 
format, i.e. on paper; therefore, processing them requires digi$za$on. Documents 
from 1990 onward are na$ve digital, in formats like .doc, .pdf, or even .xml, thus 
allowing processing of the file itself. 

This dataset includes all Session Logs, from both Congress chambers, from 1965 to 
1973, and from 1990 on; and all Commi[e Reports, messages, mo$ons, and official 
le[ers, as preserved for History of the Law (HL), for all laws from 1990 and many 
decrees issued between 1973 and 1990. 

Named EnEEes: The second dataset has data on several named and interrelated 
en$$es. It is used for tagging and referencing opera$ons within XML documents, 
configuring processes in the processing workflow, and suppor$ng delivery and query 
func$ons. The most relevant en$ty sets are: 

• People: enables the iden$fica$on of parliamentarians and the crea$on of the 
LP. It includes metadata according to the biographies ontology, which covers 
basic informa$on (full name, last names), known name, na$onality, public 
posi$ons held in Congress and the execu$ve branch, birth and death events 
(including place and date), links to other resources such as social media, 
Wikidata URI, gender, thumbnail image URL, and poli$cal affilia$ons (including 
poli$cal par$es and periods of membership). 

• Organiza$ons: includes state agencies involved in the legisla$ve process, such 
as the chambers of the Na$onal Congress, ministries, and other en$$es like the 
governing junta (the ruling body from 1973-1989) or the Cons$tu$onal 
Conven$on of 2020. 

• Poli$cal Par$es: contains informa$on on poli$cal par$es, such as their 
descrip$on, logo, founding date, founders, and other relevant details. 

• Other Datasets: datasets for sessions and legislatures, to allow $me-aware 
iden$fica$on and differen$a$on of session documents; legisla$ve phases, 
defining cons$tu$onal and regulatory procedures for each law; and bills, as 
previously defined . 

 
17 h6ps://en.wikipedia.org/wiki/Bello_orthography 
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Document Structure Elements: Each document type is defined based on a hierarchical 
structure of sec$ons, composed of various instances of the “SeccionEstructural” class. 
These different data collec$ons enable the dynamic configura$on of an XML editor 
based on the type of document being edited, while also allowing other applica$ons 
to navigate the document’s structure according to the defined subparts. 
Automa)c markup of XML documents 
Possibly one of the most tedious tasks, requiring most $me from a human, is 
iden$fying and marking in a text both structural sec0ons (such as chapters or 
subchapters) and named en00es, and their associa$on with specific iden$fiers. A 
more efficient op$on is implemen$ng a component that automates this task, with 
humans only reviewing the marking done by the algorithm. We will call this tool the 
automa0c marker, which transforms a plain text unforma[ed document into an XML 
document with AKN schema. 

This problem has already been addressed using machine learning (ML) Akhtar et al. 
(2004); textual visual proper$es Burget (2007); content-associated pa[erns Bolioli et 
al. (2002); and combina$ons of rules Abolhassani et al. (2003). We used three ways: 

1. Knowledge engineering: manual implementa$on of rules or ad-hoc algorithms; 
we used regular expressions and exact matches to detect structural elements 
and iden$fy en$$es in the text; and quality is verified with a documents sample 
and a complete list of en$ty descriptors. The model precision and effec$veness 
depend on the quan$ty and quality of implemented rules. 

2. Machine learning: pre-labeled documents divided into training and test sets; 
training documents are fed to classifica$on algorithms that use pa[ern 
recogni$on (e.g. Hidden Markov Models, Naive Bayes, Condi$onal Random 
Fields, or Neural Networks) to yield a classifica$on model; and quality is verified 
with metrics (like Precision, Accuracy, Recall, and F-Measure Baeza-Yates and 
Ribeiro-Neto (2011)) upon the test sets. The most commonly used marking 
components are en$ty recognizers (e.g. Stanford NER, spaCy, and OpenNLP). 

3. Hybrid approach: combines both approaches: complex structural marking is 
executed with knowledge engineering, taking as input ML-recognized en$$es 
(restricted to key sec$ons to improve marking efficiency and precision). 

In History of the Law projects, the complexity and detail of marking legal documents 
with mul$ple tasks (i.e. detec$on and disambigua$on of named en$$es, structural 
recogni$on of document parts, and specific formaxng) required to implement a four-
component pipeline: 

Named-EnEty Recognizer (NER): Finds men$ons of nouns or “en$$es” in the text (e.g. 
dates or figures wri[en in narra$ve prose); and iden$fies the en$ty type of each. We 
use a customized version of the Stanford NER sotware18 , implemented by a CRF 
classifier, which enriches the input text with recognized en$$es, possible en$ty types 
(see Table 1), and confidence scores. As a training corpus, we used session documents 

 
18 Stanford NER: h6ps://nlp.stanford.edu/soRware/CRF-NER.shtml 
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manually labeled with 64,727 words, each with a type. To evaluate the deployed 
model, we used ten-fold cross-valida$on (90% training - 10% tes$ng); the NER 
detected on average 97% of en$$es in the text, and correctly assigned their type in 
89% of cases. 

Mediator: Assigns the URI associated with an en$ty men$oned in the text, performing 
En0ty Linking or Disambigua0on, similarly to DBpedia Spotlight Mendes et al. (2011), 
AGDISTIS Usbeck et al. (2014), or WikiME Tsai and Roth (2016) . 

The Mediator is based on a RDF Triplestore, accessible through a SPARQL endpoint 
that stores informa$on ranging from basic descrip$ons (like names or text descriptors, 
dates, etc.) to more complex structures (like membership periods or event 
occurrences), all associated with en$$es of the types described in Table 1. 

 
Table 1. Types recognized by NER and number of en@@es in the Knowledge Base 

Named–En)ty Type Example Total in LKB 
Person Gabriel Boric, Salvador Allende Gossens 5.296 

Organiza)on Ministerio de Educación, SERNATUR 8.169 
Loca)on Valparaíso, San)ago de Chile 1.251 

Document Ley 20.000, Diario de Sesión Nº12 861.518 
Role Senador, Diputado, Alcalde 434 

Events Nacimiento de Eduardo Frei Montalba, Sesión Nº 23 17.963 
Bill BoleZn 11536–04, Prohíbe fumar en espacios 

cerrados 
17.697 

 

 

 

Figure 2. Text to XML markup with NLP 
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The simplest use case involves sending a label via REST as a parameter, with the 
mediator returning a list of sugges$ons in JSON format, structured as (uri, label, score) 
and ordered by decreasing score. To improve accuracy, parameters such as the en$ty 
type or a session ID can be added. Addi$onally, the mediator can operate by receiving 
an XML file with recognized en$$es as input. It will return an XML file where it adds 
URI and label a[ributes to each en$ty, assigning the URI with the highest calculated 
score for each case, provided this score meets or exceeds a configurable threshold. 

To enhance the tool’s precision, context data can be assigned to narrow down the 
set of possible alterna$ves when selec$ng the URI for each label to be iden$fied. Since 
this tool is used to disambiguate en$$es in documents of the Na$onal Congress, 
useful context data may include the session date, the chamber of the document, the 
session number, or the legisla$ve period. To evaluate and refine the implementa$on's 
accuracy, the first set of session journals from the 1965–1973 period was processed 
using the NER system, which assigned URIs to the en$$es iden$fied in the text. These 
assignments were manually reviewed both individually and through an aggregated 
view that highlighted anomalies (e.g., persons iden$fied who did not belong to the 
parliamentary period). This process enabled fine-tuning of the filtering algorithms 
associated with contextual informa$on. As a result, a tool was developed that 
currently operates with an error rate of less than 1% in its produc$ve use. 

Structural marker: We define the structural detec$on of text as the task of iden$fying 
groups of consecu$ve strings that, to a human reader, correspond to elements such 
as $tles, sub$tles, paragraphs, sec$ons (groups of paragraphs under the same $tle or 
sub$tle), chapters, annexed documents integrated into the text, enumera$ons, and 
lists. Addi$onally, given the context of applica$on in documents containing 
parliamentary debate, we define a special type of structural element called an 
Interven$on (speech), which describes what is spoken by a person and can consist of 
one or more consecu$ve paragraphs. 

The structural marker is the tool that performs structural detec$on by adding marks 
to the text to indicate the beginning and end of each structural element. In our case, 
the marks added to the processed text output are in XML format. 

The primary strategy for detec$ng structural and hierarchical sec$ons in text 
documents combines the use of regular expressions with the applica$on of rules that 
encapsulate programming logic, triggered when specific regular expressions are 
detected. This approach is par$cularly prac$cal for documents generated by the 
Na$onal Congress, as they generally adhere to standardized drating rules. The tool 
can iden$fy first, second, and third-level structural sec$ons, sequences of elements 
based on numbered and unnumbered lists (including nested ones), and parliamentary 
speeches. 

Given that the documents to be processed mainly consist of poli$cal debates, the 
primary element to be recognized is a block called par0cipa0on. This block is 
composed of one or more speeches involving an actor who moderates the session 
(usually the President of the Chamber), an actor who owns the par$cipa$on (the 
primary speaker), and poten$ally other actors who interrupt. In this composite block, 
it is essen$al to automa$cally iden$fy the par$cipa$on author, necessita$ng an 
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analysis of the speeches to detect the underlying structures of par$cipa$on and 
implement a rule with automaton characteris$cs. This par$cular implementa$on is 
needed because par$cipa$on, in structural terms, is unique as it lacks a conven$onal 
$tle and body structure and is embedded within other recognized structural sec$ons 
of the debate. 

Technically, the structural marker receives plain text with or without en$$es as 
input. From this text, a DocumentPart object is generated, containing a property with 
the full text and an empty list of DocumentPart objects (sub-parts). The process 
involves running specific rules depending on the document type and the depth level 
of the DocumentPart object. Each rule processes the text of a DocumentPart object 
and returns all iden$fiable DocumentPart objects, adding them to the sub-parts list. 
The final task is to serialize the object in XML format. 

XML converter to AKN Schema Takes XML output of structural marking, en$ty 
recogni$on, and en$ty linking—referred, and yields an XML—into AKN format, 
editable by tools like LIME19, Legis Pro20, AT4AM21, Bungeni22, xmLegesEditor23, or 
LEOS24. 

To convert raw XML into AKN, we first tried XSLT, but the required style sheets to 
iden$fy en$ty references and group them headers (essencial to AKN) were too 
complex. Given the diversity of document structures, we took a programma$c 
approach that takes the input XML file, generates a DOM-like representa$on, and 
traverses it to convert each raw node to AKN XML. 

Other NLP-based tools There is a product derived from the History of Law called 
”History of Law by Ar$cle” (HLA), which exclusively documents everything that has 
occurred to a specific ar$cle or other norma$ve unit during the law’s legisla$ve 
process. To create this product, various tools have been implemented to assist human 
analysts in their work. These tools operate together on two or more documents, 
allowing for crossreferencing between their sec$ons, with the aim of subsequently 
compiling related informa$on based on different criteria. Some of these tools include: 

• Link Generator: Operates on two consecu$ve versions of a bill’s XML 
(consecu$ve in terms of modifica$ons introduced during the legisla$ve 
process) that have previously undergone automa$c tagging. In the XML of each 
version, the basic norma$ve units (such as ar$cles, numerals, paragraphs, or 
enumerated le[ers) are iden$fied. The tool’s func$on is to compare the 
norma$ve units of both versions of the bill and establish text traceability for 

 
19 h6p://lime.cirsfid.unibo.it 
20 h6ps://xcenKal.com/legispro-xml-tech/ 
21 h6ps://at4am.eu 
22 h6ps://github.com/bungeni-org 
23 h6p://www.iTg.cnr.it/lab/xmlegeseditor 
24 h6ps://ec.europa.eu/isa2/soluKons/leos 
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each unit. It determines whether a unit has been affected by text modifica$ons, 
added, removed, or moved. 

• Reference Generator: Operates on an XML version of a bill and a document 
containing discussions, such as a session journal or commi[ee report. Its 
func$on is to automa$cally iden$fy all sec$ons of the discussion document 
where references are made to a specific norma$ve unit, with the aim of 
compiling the associated debate for that unit across all documents where the 
law is discussed. 

• Update Generator: Operates on an XML version of a bill and an amendment 
document. An amendment is an instruc$ve document that specifies changes to 
the norma$ve units of a bill version, resul$ng in a new version of the bill once 
these changes are applied to the text. An amendment can include instruc$ons 
such as “replace word X with Y,” “remove point Z,” or “add ar$cle X,” among 
others. 

To implement these tools, several techniques have been used, including XML tree 
traversal, text comparison using cosine distance, stopword removal, lemma$za$on, 
different types of tokeniza$on, regular expressions, and rules through programming 
classes (see Gacitúa et al. (2016) for details). The evalua$on mechanism for all these 
tools followed the same approach, based on a comparison between manually labeled 
documents and the versions produced by the automated tools. 

 

Cons)tu)onal History 
This use case started with the History of the Law project. In late 2019, Chile suffered 
a social outbreak25 , characterized by large-scale civil protests across the country, 
arising from dissa$sfac$on with the prevailing economic model. In an effort to quell 
the social unrest and address ci$zen demands through a structural legisla$ve 
approach, most poli$cal par$es in Congress se[led on an “Agreement for Social Peace 
and the New Cons$tu$on”2627. A referendum28 decided to drat a new cons$tu$on 
(78.27% approval), ini$a$ng the so-called 2020 Cons$tu$onal Process. BCN decided 
to document this process, similarly to History of the Law and Parliamentary Labour, all 
the debate surrounding it, to capture the spirit and founda$ons of each part of the 
drat New Cons$tu$on and the work of each drater. Since all the technological 
infrastructure was already in place, a new website was open with the history of Chile’s 

 
25 h6ps://en.wikipedia.org/wiki/2019-20_Chilean_protests 
26 h6ps://obKenearchivo.bcn.cl/obKenearchivo?id=documentos/10221.1/ 
27 /1/Acuerdo_por_la_Paz.pdf 
28 h6ps://www.bcn.cl/procesoconsKtuyente/plebiscito2020 
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cons$tu$ons 29 , as well as the history of cons$tu$onal processes that had not 
produced an approved drat. 

History of the Law 
Once the AKN files have been annotated both automa$cally and manually and have 
successfully passed the quality assurance phase, the publica$on process extracts the 
knowledge expressed in the document as RDF triples and tuples for a query data base. 
All data extracted from the document during its publica$on in RDF (including 
structural sec$ons, en$$es, parliamentary speeches, references to bills, and more) are 
transformed into new RDF triples. These triples then complement the previously 
defined basic informa$on in the RDF triplestore, making them available for querying 
at the SPARQL endpoint. 

The publica$on process, packaged as a web service, implements a parser that 
traverses the XML tree of the AKN document, looking for predefined structures within 
the document sec$ons. Each type of document uses small data extractors per sec$on, 
encapsulated in specific classes, allowing for reuse and specific implementa$ons as 
needed. Subsequently, with the data extracted from all XML documents in which a law 
is discussed (HL) or a parliamentarian speaks (LP), a publica$on process generates a 
physical file stored in a digital repository (DSpace30), indexed by library specialists. 

BCN launched in 2014 the portals for the History of the Law31 and Parliamentary 
Labor32, and in 2020 the Cons$tu$on History portal. These pla~orms publish open 
linked open data. 

Results 
By June 2024, the HL system has processed 4,143 laws, associated with 49,030 
documents, genera$ng 520,219 par$cipa$ons from 1,578 parliamentarians from 
1965. Addi$onally, it has documented the history of all Chilean cons$tu$ons and 
cons$tu$onal proposals, as well as the work of the two recent cons$tu$onal 
conven$ons (2020 and 2022). 

The automated tagging has reduced work by 37,5% Cifuentes-Silva and Labra-Gayo 
(2019), without consider the impact on the constant genera$on, upda$ng, and 
indexing of LP document dossiers for each parliamentarian. 
 
Limita)ons 
Some of the most relevant limita$ons of this work are as follows: 

• Although session documents are processed in full text, relevant sec$ons such 
as vo$ng records are neither retrieved nor u$lized. This is mainly because 
these records are directly consumed from web services provided by the 
chambers of Congress for integra$on into the database. However, future 

 
29 h6ps://www.bcn.cl/historia-de-la-consKtucion/ 
30 h6ps://www.dspace.org 
31 h6ps://www.bcn.cl/historiadelaley 
32 h6ps://www.bcn.cl/laborparlamentaria 
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plans include incorpora$ng this informa$on, par$cularly for widely agreed-
upon votes that do not record nominal votes but are of interest in the 
legisla$ve process. 

• Ini$ally, the project included a wide range of features associated with 
detailed markup tasks that were mostly intended to be performed by human 
analysts, with the idea of enabling the development of other products and 
services in the future. However, due to limita$ons in access to both legal 
analysis and IT development personnel, the system was consolidated around 
its core objec$ve: building the legisla$ve history and parliamentary ac$vi$es. 

• To date, the system has not integrated tools based on Large Language Models 
(LLMs), which could improve the accuracy of processes such as the Update 
Generator or the Reference Generator. 

• Similarly, while the ini$al project envisioned linking metadata between 
interven$on texts and session videos (using video sub$tles based on the text 
of interven$ons), this task has not yet been addressed. 

• Although XML tagging processes could automa$cally iden$fy addi$onal 
informa$on in the texts of legisla$ve debate documents (e.g., iden$fica$on 
of subjects or free terms for indexing), this remains a pending task that could 
enable a wide range of new products and services. 

 
Law approval predic*on 
The crating of legisla$on is a complex process influenced by various factors. While 
legisla$ve ini$a$ves oten arise from ci$zen needs, many of them lack the necessary 
support within the legisla$ve process to advance through their processing and 
ul$mately become law. This is partly due to the large number of projects in various 
subject areas, the $me required for parliamentary debate in each case to gather 
diverse public perspec$ves, and the sensi$vity of establishing legal norms that govern 
society. In any case, it is of great interest for both the execu$ve branch and members 
of Congress to know the probability of whether a proposed bill will ul$mately become 
law or not. This knowledge enables them to undertake the necessary poli$cal efforts 
to promote its processing and eventual enactment as law. 

The third experience using AI corresponds to a law approval predictor for bills 
processed in the Na$onal Congress of Chile, based on a logis$c regression model. A 
logis$c regression model is a sta$s$cal model used to predict the probability of a 
binary event, meaning an event that has one of two possible outcomes. It 
mathema$cally models the rela$onship between a dependent variable (the variable 
to be predicted) and one or more independent or predictor variables. A logis$c 
regression model, in the context of AI, is a supervised learning technique used to solve 
binary classifica$on problems by predic$ng the probability that an instance belongs 
to one of the two possible classes using the logis$c func$on. 

For this use case, the specific u$liza$on of this type of model is based on several 
factors, including its high interpretability, which is essen$al in an advisory 
environment for members of Congress across all poli$cal sectors. In such a sexng, 
there must be no poli$cal preference or biases, making it crucial for predic$ve models 
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to be explainable and ideally simple. Addi$onally, the training data size is rela$vely 
small (fewer than 10,000 examples), making other models like deep learning less 
suitable. 

Therefore, the following will present the design and results of a law approval 
predictor implemented for the Chilean legisla$ve process. 

Datasets 
To achieve this, data from 14,738 bills introduced to Congress since 1990, along with 
their processing details, poli$cal par$es, and the actors involved in the legisla$ve 
process, were used. This data was obtained from the open data portals of the Na$onal 
Congress, supplemented with ad-hoc calculated exogenous variables. In detail, the 
development of the predictor u$lized three sources of data: 

1. Linked Open Data from BCN: as men$oned earlier, the open database of BCN 
that provides informa$on about parliamentarians from 1990 to the present, 
including their terms in office, which includes the person’s ID, start and end 
dates, and the posi$on they have held. It also includes informa$on about bills 
introduced from 1990 to the ends 2022, their authors, and their poli$cal 
par$es. 

2. Opendata Congress XML Database: An XML service database that provides 
records of the processing of bills, which is updated daily. This data is published 
by the Senate from the bill processing system. 
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Figure 3. Poli@cal trend index of par@es based on author’s percep@on 

3. Exogenous Database: A database created specifically for this occasion, 
containing elec$on years (a list) and a table of poli$cal par$es with a Poli0cal 
Trend Index - PTI, created based on the author’s percep$on. 

The PTI differen$ates the poli$cal tendencies of par$es on a scale from -1 to 1, 
where -1 represents a more let-wing ideology, while +1 corresponds to a more right-
wing ideology, as shown in Figure 3. According to the authors’ percep$on, the 
Communist Party of Chile would have an index of -1, while the Republican Party of 
Chile would have a value of +1. 

The main idea behind this index is to convey the poli$cal trend value to 
parliamentarians affiliated with the party in various circumstances, whether as 
authors of a bill, as the President of the Republic (who holds execu$ve power), or as 
the President of the Chamber of Depu$es or the Senate, who have direct influence on 
the priori$za$on of bill discussions. Figure 4 shows the Poli$cal Trend Index (PTI) 
applied to the posi$ons of President of the Republic, President of the Senate, and 
President of the Chamber of Depu$es from 1990 to 2024. The idea behind this index 
is to have an indicator that differen$ates and systema$zes poli$cal support during the 
bill’s processing period, which will be translated into a limited set of features for 
regression analysis. 

 

Figure 4. Poli@cal trend index of par@es based on author’s percep@on 



23 

Prepared using sagej.cls 

Tool design 
With this data, an ini$al database of bills was created with 23 features, including the 
current status of the bill (enacted as law, rejected, in process, archived), date-related 
characteris$cs (such as separa$ng year and month for each date into different 
features), iden$fica$on of events that could affect legisla$ve processing, such as 
determining if a year is a presiden$al elec$on year or not (assuming this could affect 
the processing of certain types of bills), the number of days since entry into processing 
or since the last movement in Congress, and 13 characteris$cs calculated based on 
poli$cal trend measured from various perspec$ves (sums, averages, etc.), among 
others. 

The primary idea behind using these variables was to characterize the poli$cal 
landscape to determine if a par$cular bill could be approved, assuming that the actors 
involved in the process coincided in some way due to their poli$cal tendencies. 

Thus, following the aforemen$oned principle, poli$cal trend values were applied to 
characteris$cs such as authors, the President of the Republic, the Presidency of the 
Senate, and the Presidency of the Chamber of Depu$es at the $me of the bill’s entry 
into processing, as well as at the $me of the last processing recorded in the Senate’s 
processing system. 

Having defined the first set of characteris$cs, three groups of projects were 
generated: 

1. Bills that became law (Enacted): all those that were transformed into law and 
have cri$cal informa$on in the database (dates and status). 

2. Bills that could s$ll become law (In process): all those with cri$cal informa$on 
in the database and currently in the ”In process” status. 

3. Bills that did not become law (Rejected): all those not excluded in the first stage 
and not belonging to the Enacted or In process categories. This category 
includes Archived bills, Uncons$tu$onal ones, and others. 

Addi$onally, a fourth group was excluded from the exercise due to having too many 
missing or inconsistent data. The purpose of iden$fying these groups is to implement 
a set for training the logis$c regression model (Enacted + Rejected), and another set 
to predict whether a bill will become law (In process) later. Table 2 provides totals by 
project type. 

Bill status Total 
Enacted 3.282 

In process 6.800 
Rejected 4.953 
Excluded 487 

Table 2. Bills by status for training 
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Results 
With the prepared data, a logis$c regression model was trained in R language33. 
Ini$ally, 23 preliminary features were considered for the model. During the regression 
analysis, the Akaike Informa$on Criterion (AIC) technique was used for feature 
selec$on, transi$oning from the ini$al model with 23 features to a simplified and 
op$mized final model with 9 features, all of which were sta$s$cally significant (p-value 
< 0.001). Of the discarded features, more than 10 exhibited high correla$on 
(mul$collinearity), and were therefore removed primarily to avoid issues of accuracy 
and sensi$vity in predic$ons with new data. Other discarded variables showed low 
sta$s$cal significance, and were therefore also removed. Table 3 provides a detailed 
descrip$on of the features for the final logis$c regression model. 

The final model shows a classifica$on accuracy of 86.23%, with a 95% confidence 
interval of (0.8546, 0.8697), a sensi$vity value of 0.89, and a specificity value of 0.82. 
Addi$onally, it is worth men$oning that the cutoff point for the regression is set at 
0.38, which is the threshold at which the predic$on changes from approval to 
rejec$on. 

As a tes$ng mechanism for the model's func$onality and accuracy, simula$ons were 
conducted to mimic shits in poli$cal trends among various actors associated with PTI-
related characteris$cs. These changes directly influenced the calculated probability of 
a bill's approval, aligning with expected outcomes. 

 
The Figure 5.B displays the confusion matrix of the predictor using the training data, 

and Figure 5.A presents a comparison between the actual cases and the values 
provided by the regression model for the training data. 

Limita)ons 
While the model demonstrates acceptable performance, it is not without limita$ons, 
which include: 

• The absence of some key features, such as iden$fying whether a bill is 
designated as urgent legisla$on—a preroga$ve of the execu$ve branch—or 
whether the bill pertains to a topic of current poli$cal debate. 

• The use of an arbitrarily defined PTI by the authors, which may affect the 
accurate representa$on of the data and the results obtained. Future work in 
this area could include a dynamic calcula$on of real PTI values based on 
vo$ng distances (greater differences among voters imply larger distances), 
wich is observed between different poli$cal par$es, poten$ally segmen$ng 
the PTI by topic. 

 

 
33 h[ps://www.r-project.org/ 
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Law’s Predictor prototype 
Figure 6 shows the user interface of the first func$onal prototype of the predictor. It 
features a line graph where two zones are differen$ated on the ver$cal axis: one for 
approval (green) and one for rejec$on (red). The horizontal axis shows the evolu$on 
of the predic$on over $me according to changes in the poli$cal context as well as 
informa$on related to the bill. Addi$onally, a thermometer-type graph indicates the 
current probability of approval. 
 

Feature Descrip$on 
Regression intercept Float number, base for regression 
Type of bill 1 if Parliamentary mo$on, 2 if Presiden$al 

Message 
Total authors with PTI 
zero 

Float number, total number with value Zero 
in PTI 

Average PTI of authors Float number, the average of the PTI of all 
authors 

Average PTI of let-wing 
authors 

Float number, the average of the PTI of all 
authors with PTI <0 

Month of last processing 
in the Senate system 

Number of month from 1 - 12 

Are there elec$ons in 
the year of the last 
processing in the Senate 
system? 

1 if is elec$on year, 0 if not 

Total days processing Integer number 
PTI of President at 
submission 

Float number, PTI of the President of the 
Republic at the $me of bill submission 

Current PTI of the 
President of the Senate 

Float number 

Table 3. Features for op@mized final model 
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Figure 5. A: Comparison between real data and predic@on - B:Confusion matrix for Law predictor 

This tool s$ll has a restricted access as we are s$ll improving the valida$on and user 
interface. 

 

 

Figure 6. Law’s predictor user interface 

Related work 

Although this work explores various lines of development in ar$ficial intelligence (AI) 
implemented in BCN, there are also similar experiences worldwide that can offer 
different approaches to enrich the discussion. Below, interna$onal cases analogous to 
each of the described experiences are presented. 
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In the field of parliamentary LOD and libraries, we can find the ParliamentSampo 
system Hyvönen et al (2022), a  LOD service and seman$c portal designed to inves$gate 
poli$cal culture and language in the Finnish Parliament. Based on a knowledge graph 
containing nearly one million parliamentary speeches (from 1907 to 2021) and data 
about Members of Parliament, it u$lizes the Parla-CLARIN format for analysis and 
applica$on development, aiming to enhance transparency in poli$cal decision-making 
for diverse user groups. The ar$cle provides an interes$ng analysis of the speeches 
but does not focus on the details of open data models, and while it men$ons them, it 
does not delve into the process of genera$ng open data. 
 
The study by Koryzis et al. (2021) analyzes the digital transforma$on of parliaments 
today, highligh$ng trends toward open data, standardized processes, and 
par$cipatory inclusion. Based on surveys conducted with parliamentarians and 
parliamentary professionals from 25 countries across five con$nents, it proposes a 
transforma$onal framework that iden$fies essen$al tools for sharing informa$on and 
knowledge. One of the most relevant findings related to our case study is the 
recogni$on of technological aspects with high u$lity and maturity associated with the 
use of linked open data, which are even deemed more significant than the use of 
machine learning. 
 
The ar$cle by Niu (2020) examines the diffusion and adop$on of LOD in libraries, 
revealing it as a decentralized, con$nuous process with significant reinven$on. 
Through extensive analysis, it iden$fies three diffusion paths (inter-library, intra-
library, and inter-librarian) and highlights the roles of leading ins$tu$ons, professional 
organiza$ons, vendors, and funders in facilita$ng adop$on. The study underscores the 
importance of standards, tool reuse, and commercializa$on in overcoming barriers 
such as resource limita$ons and steep learning curves. By mapping the stages of LOD 
adop$on, this research offers a comprehensive framework to guide libraries in 
embracing LOD for enhanced interoperability and knowledge sharing. 
 
Also in the field of Seman$c Web and LOD technologies, several advancements are 
reported in the literature, which report improvements both in access to the 
informa$on provided to users, as well as improvements in the impact on the internal 
func$oning of the ins$tu$ons that implement it. Among these are the use of Shape 
Expressions (ShEx) for ensuring the quality of LOD (Candela et al., 2023), the 
replacement of MARC standards with BIBFRAME, which is LOD-based (Samples and 
Bigelow, 2020; Park et al., 2020), ontology-based systems for processing scien$fic 
informa$on in digital libraries (Malakhov et al., 2023), the use of RDA and Wikibase 
(the technological backbone of Wikidata) for managing named en$$es (Zapounidou 
et al., 2024), and the preserva$on and access to cultural heritage using Seman$c Web 
technologies (Silva and Terra, 2023). 
 
Gagnon and Azzi (2022) introduce the concept of "Legisla$ve Intelligence" (LegisIntel), 
which leverages AI and seman$c analy$cs in parliamentary contexts to enhance 
ci$zen engagement through seman$c annota$on of debates. Using NLP technologies, 
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ontologies, and knowledge graphs, these tools enable customized indexing, en$ty 
recogni$on, and tailored recommenda$ons for legisla$ve cri$ques. Their study 
highlights an interna$onal open-source ini$a$ve aimed at developing LegisIntel 
solu$ons, detailing its core func$onali$es and proposing a robust architectural 
framework. 
 
In the context of NLP applied to legisla$ve tasks, it is worth highligh$ng several 
underexplored areas. Notable advancements include the use of language models for 
tasks such as automa$c summariza$on of regulatory documents Klaus et al., (2022) 
and mul$lingual legisla$ve frameworks Zmiycharov et al., (2024); Gesnounin et al., 
(2024). Addi$onally, Retrieval-Augmented Genera$on (RAG) models Lewis et al. 
(2020) have been employed in tasks such as legal ques$on answering Louis et al. 
(2024), Wiratunga et al. (2024) and the development of virtual assistants tailored to 
the legisla$ve domain Rafat (2024). 

 
In the realm of legisla$ve predic$on tools or similar applica$ons, several notable 
experiences from different approaches deserve men$on: 

• Nay (2017) developed a legisla$ve predictor for the United States Congress 
using word vectors and an ensemble model, achieving approximately 68% 
accuracy using only textual data, without incorpora$ng addi$onal contextual 
features. 

• Bari et al. (2021) introduced a vote predictor for congressional members 
during legisla$ve discussions, serving as a basis for determining law approval, 
with an 80% accuracy rate. 

• Katz et al. (2017) applied a model to predict votes in the United States 
Supreme Court, achieving 71.9% accuracy in predic$ng individual jus$ces' 
votes and 70.2% accuracy in case outcome predic$ons. 

  
Conclusions 

The use cases presented in this ar$cle demonstrate the applica$on of AI tools in a 
parliamentary library. We believe it is important to showcase real cases, not only from 
the perspec$ve of recent applica$ons like Large Language Models (LLMs) and RAG but 
also projects that highlight other technological facets that have contributed over $me. 
These contribu$ons span from AI to automa$on, process efficiency improvements, 
and the development of new products. 

Both from the perspec$ve of Seman$c Web technologies and Open Data, which lay 
the groundwork for building systems based on Knowledge Graphs and enriched data, 
to the use of natural language processing for enhancing and streamlining computer-
assisted human processes, as well as providing tools that encapsulate human 
reasoning to generate legisla$ve predic$ons, AI has become fundamental in BCN as a 
parliamentary library. This integra$on of AI-based technologies has been crucial in 
offering a broader and be[er catalog of products and services to users. 
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The prac$ce of publishing open legisla$ve data can be highly beneficial in other 
cultural contexts, as it helps ensure legal certainty through open access to data and 
enables ci$zens to develop applica$ons that make prac$cal use of na$onal legisla$on 
and legisla$ve data. At the same $me, open data also serves as a mechanism for 
promo$ng ac$ve transparency, facilita$ng direct access for the popula$on and 
fostering trust in the government. 

The crea$on of products such as the History of Law and Parliamentary Labour 
through the use of interoperability standards like AKN, ar$ficial intelligence tools such 
as NLP, and automated archival systems within repositories cons$tutes a highly 
replicable framework for organiza$ons responsible for providing informa$on services 
related to archives and historical collec$ons. The adop$on of standards like AKN 
enables the use of widely available workflow management tools, accelera$ng the 
development of projects in similar environments. 

Similarly, the legisla$ve approval predictor presented in this work is a highly 
replicable tool in other contexts, such as legisla$ve bodies in different countries. It 
also provides general guidelines for designing similar tools in diverse scenarios where 
the dependent variable is the approval or rejec$on of a measure, based on a set of 
factors that may vary over $me. 
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