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Abstract

The sparse nature and intricate set of relationships between legislative acts pose a significant challenge in the choice of the underlying
database model, which both allows for performing structured queries and developing intuitive and smooth knowledge management. In
this paper, we propose to use Property Graphs as a powerful alternative for managing legislative knowledge. First, we discuss how
graph queries are a valid alternative solution to standard legislative knowledge management by showing how our data model fully
captures the problem of law versioning (i.e., the existence of many versions for the same law). Then, we analyze, propose and implement
innovative ways for monitoring the legislative system using Property Graph tools that have been recently standardized and developed,
such as triggers and graph-based association rules, which empower our model of advanced ways of handling legislative data. For
instance, we will show how we can use these tools to develop intelligent warning systems that inform stakeholders of critical changes
in legislation through active rule reasoning or to detect shifts in graph patterns via continuous monitoring of significant association

patterns.
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1. Introduction

Legislative data comprises the set of acts, bills, or other nor-
mative documents produced by an authority that detain a
legislative power to regulate some domains on a national, re-
gional, or international level. In most democratic countries,
such a power is in the hands of parliaments, be they na-
tional, regional, or federal, according to the political system.
One of the main challenges when dealing with such tex-
tual documents is converting them into machine-readable
formats that enable the adoption of structured approaches
when querying and analysing legislative acts.

To tackle this, the computer law community has devoted
many efforts to proposing appropriate international stan-
dards to capture the common grounds of laws enacted in
different legislative systems. Most of previous works have
been based on the eXtensible Markup Language (XML) for-
mat, a semi-structured data model that has been naturally
used for representing textual and hierarchical data, such as
laws [1]. Relevant XML-based proposals include the Legal
Knowledge Interchange Format (LKIF) [2], LegalRuleML [3]
and Akoma Ntoso [4].

However, the need for a user-friendly storing of textual
documents (with XML tags and hierarchical structures being
ideal for such aims) collides with the possibility of conduct-
ing quantitative analysis of the complexities and features
of the legislative system [5], which strongly depends on
the ability to traverse relationships (e.g., dependencies and
references between laws and articles). In fact, while the
creation of XML formats to represent the components of
an individual law (i.e., article or section structure, tags for
references to other laws) is extremely useful for structured
access to a document, it becomes cumbersome to manage
and analyze trends and the complexity of the legislation.
Furthermore, while XML-native databases generally support
tools such as triggers [6], their focus on the document-level
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logic (e.g., handling events as document create, document
update, document delete, property changes) harms the po-
tential of reasoning over legislative data, leveraging relation-
ships among acts to discover and detect anomalous patterns
that require attention. For instance, abrogations of some
portions of legislation can inadvertently create voids in legal
foundations of third acts. Thus, a data model that cares more
about relationships among acts is crucial in monitoring such
scenarios.

In this paper, we present and discuss an innovative way
of conducting legislative knowledge management based on
Property Graphs (PG). By leveraging state-of-the-art ad-
vancements from the database community in the formal
standardization of Property Graphs and their tools [7, 8, 9],
we present an alternative approach for handling legislative
acts, which maintains the ability to manage documents as
hierarchical structures, with the creation of dedicated part-
hood graph relationships, but that enriches it with tools of
additional utility. First, we demonstrate how our proposal
seamlessly handles textual documents by focusing on one
of the main issues of legislative knowledge management,
that is, the law versioning problem, i.e., retrieving the text
of a law in force in a certain timestamp, thus accounting for
successive modifications and/or abrogations.

Then, we show how, by explicitly modelling references
among acts as graph relationships, we enable more sophisti-
cated tools to analyze and monitor trends in the legislative
activity [10], such as by the development of intelligent sys-
tems that can reason over legislative data through the use of
active rules in the form of Property Graph triggers [8]. To
this aim, we develop a trigger-based warning system that
monitors the legislation, capable of detecting harmful sce-
narios within the legislative system, such as the creation of
legislative voids. We demonstrate how we capture the latter
scenario by using active rules in the form of triggers ex-
pressed in Cypher, the closest language compliant with the
Graph Query Language standard. We demonstrate the effec-
tiveness of this warning system over the Italian legislation,
for which we have implemented our PG-based schema and
stored it within a Neo4j database. We experiment how warn-
ings signaled by our reasoning-based approach significantly
positively correlate with ex-post-legislative interventions
that aim at fixing the legislative void, demonstrating their
predictive power for a timely detection of legislative voids.

Finally, we analyze how association rules can be a useful
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tool for knowledge discovery, providing insights into trends
in the evolution of the legislative system. To this aim, by
leveraging the recently developed association rule opera-
tor for property graphs [9], we present an application in
which association rules can help in detecting the attitude
of governments towards a topic of particular interest, i.e.,
whether there is discontinuity among successive govern-
ments. We focus on legislation related to “procurement”,
and we find that, in Italy, there is a continuous significant
stream of creations and abrogations of rules governing this
topic, certifying a certain degree of instability in the topic
in recent years.

Overview. The remainder of the paper is organized as fol-
lows. Section 2 presents the Property Graph Schema that
we adopt for modelling legislative knowledge, discussing its
implementation in the Italian system and how it can retrieve
time-dependent versions of laws. In Section 3, we present
how tools like PG triggers and graph association rules can
be used to facilitate knowledge discovery and automated
monitoring systems. In Section 4, we perform our experi-
ments to demonstrate the benefits of using a graph database
and its rich set of tools to manage legislative knowledge.

2. Property Graphs for Legislative
Data

Modelling legislative data and the interconnections between
laws and articles in a property graph offers a structured
and dynamic approach to understanding and managing the
knowledge of a legislative system.

In this section, we present a property graph schema that
aims to handle legislative data and discuss how we can
leverage the expressiveness of a graph query language, such
as Cypher, the closest GQL-compliant language, to handle a
fundamental feature in legislative knowledge management,
the retrieval of the correct version of a law based on a desired
timestamp.

2.1. Property Graph Schema

In [11], we proposed the first approach for representing
the Italian legislative system, in terms of documents and
references, through a Property Graph, together with its
schema [7]. While our proposal was country-specific, its
foundation relies on an internationally adopted and OASIS
standard [12], which aimed to define common elements
that characterize legislative acts across multiple legislative
traditions [13]. With no or little adaptations, our schema
applies to multiple countries; thus, we can consider our
schema powerful enough to represent any legislation.

In Figure 1, we visually present the schema. In a graph,
nodes can represent laws connected to their articles (or, ac-
cording to the legislative tradition, sections, clauses, etc.)
through a parthood relationship. Metadata relevant to the
law, such as title, publication date, and law domain (indi-
cating the ministries responsible for the law’s content), are
assigned as properties directly to the law node, enabling a
structured approach to query and analyze the legislative cor-
pus. Articles are distinct nodes with properties that detail
the specific sections of the law they represent. These prop-
erties include the article text, any headings or titles specific
to the article, and a list of policy-related topics governed by
that article. Attachments, which serve a different function
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Figure 1: Graphical visualization of the Property Graph Schema.
Properties are omitted for better visualization.

within a law document than articles, are also modelled as
distinct nodes with their characteristics. Law, article and
attachment nodes are interconnected using a set of directed
edges that capture references, dependencies, and amend-
ments that denote the evolution of a legislative system. We
included four fundamental types of relationships which we
identified as generic enough across multiple legislative tra-
ditions: an “is the legal basis of” dependence, an amends, an
abrogates and a more generic cites reference.

The formal PG-Schema, as defined in [7], that we use to
model legislative data is the following:

CREATE GRAPH TYPE lawsGraphType STRICT{

(lawType: Law {id STRING, title STRING,
lawNum INT, typeLaw STRING, publicationDate
DATE, numArt INT, numAttach INT}),

(articleType: Article {id STRING, title STRING,
number INT}),

(attachmentType: Attachment {id STRING, title
STRING, type STRING}),

(:lawType) - [hasArticleType: has_article]->
(:articleType),

(:lawType) - [hasAttachmentType:has_attachment]->
(:attachmentType),

(:lawType)-[referenceType: is_legal basis_of]
->(:lawType),

(:articleType)-[referenceType:is_legal basis_of|
amends |abrogates|cites]->(:lawType),

(:articleType)-[referenceType: amends|abrogates|
cites {paragraph STRING, newText STRING}]->
(:articleType),

(:articleType)-[referenceType: amends|abrogates
{paragraph STRING, newText STRING}]->
(:attachmentType),

(:attachmentType)-[referenceType:
is_legal basis_of|cites]->(:lawType),

(:attachmentType) - [referenceType: cites
{paragraph STRING}]->(:articleType),

(:attachmentType)-[referenceType: cites
{paragraph STRING}]->(:attachmentType)}

Regarding edge properties, all defined types of references
share the common attribute paragraph, which denotes, if
applicable, the specific portion of the article’s text that is
being referenced. For instance, one could be interested in
citing or amending only a specific portion of text within the
article. Thus, such a feature can be captured by inserting the
paragraph of interest. As a consequence of such a modelling
choice, an abrogates edge whose paragraph property is NULL



CALL{

Text of articles of the law of interest in their latest

" ; ) N WHERE IDLAW = {$IDLAW}
modified version before the desired timestamp

UNION

WHERE IDLAW = {SIDLAW}

Text of articles of the law of interest, which have
modifications only after the desired timestamp

UNION

Text of articles of the law of interest that have
never been amended

}

WITH TEXT, NUMART
WHERE TEXT IS NOT NULL
WITH TEXT, NUMART
ORDER BY NUMART ASC
In-force text of desired law at date T <= RETURN COLLECT(TEXT)

© MATCH (l:Law)-[:HAS_ARTICLE]->(a:Article)
OPTIONAL MATCH (a)<-[r:ABROGATES|AMENDS | INTRODUCES]-(a2)<-[:HAS_ARTICLE]-(12:Law)
WHERE 12.publicationDate < datetime({STIMESTAMP})
WITH Lid as IDLAW, a.id as IDART, a.number as NUMART, MAX(I2.publicationDate) AS LASTMOD

WITH IDLAW, IDART, NUMART, LASTMOD
MATCH (I:Law)-[:HAS_ARTICLE]->(a:Article)<-[r:ABROGATES | AMENDS | INTRODUCES]-(a2)<-[:HAS_ARTICLE]-(I2:Law)
WHERE Lid = IDLAW AND a.id = IDART AND LASTMOD = [2.publicationDate

_ RETURN IDLAW, IDART, r.newtext AS TEXT, NUMART

" MATCH (L:Law)-[:HAS_ARTICLE]->(a:Article)<-[r:ABROGATES|AMENDS|INTRODUCES]-(a2)<-[:HAS_ARTICLE]-(12:Law)
WITH Lid AS IDLAW, a.id AS IDART, COUNT(r) AS NCHANGES

WITH IDLAW, IDART, NCHANGES
MATCH (l:Law)-[:HAS_ARTICLE]->(a:Article)<-[r:ABROGATES|AMENDS|INTRODUCES]-(a2)<-[:HAS_ARTICLE]-(12:Law)
WHERE a.id = IDART AND (2.publicationDate >= datetime({STIMESTAMP})
WITH IDLAW, IDART, a.number AS NUMART, a.text AS TEXT, NCHANGES, COUNT(*) AS FUTURECHANGES
WHERE NCHANGES = FUTURECHANGES
_ RETURN IDLAW, IDART, TEXT, NUMART

" MATCH (I:Law)-[:HAS_ARTICLE]->(a:Article)
- WHERE NOT (a)<-[:ABROGATES | AMENDS | INTRODUCES]-() AND Lid = {$IDLAW}
_ RETURN Lid AS IDLAW, a.id AS IDART, a.text AS TEXT, a.number AS NUMART

Figure 2: Annotated Cypher query deriving the in-force text of law IDLAW at a certain TIMESTAMP. In red, the two variables
to be set according to the user’s requests. First, a subquery (within the CALL construct) is used to derive and union the law
articles in-force at the desired timestamp. Then, a COLLECT function is used to produce the correct law text as a document.

implies a full abrogation of the destination article. A law
becomes abrogated whenever all its articles have been ab-
rogated. Thus, a law abrogation can be inferred by looking
at whether all its articles have an ABROGATES edge without
the paragraph property.!

Finally, amends and abrogates edges are the only types of
references that also share a second property: newText. Such
(textual) property captures the new text of the destination
article node, as modified/abrogated by the source article
node.

The Italian Legislative Property Graph We implemented
our schema for the Italian legislation and derived a graph
consisting of Italian national laws. The graph is stored in
a Neo4j database (available at [14]), comprising 74k law
nodes, 318k article nodes, 127k attachment nodes, 107k legal
basis dependencies, 64k abrogations, 80k amendments, and
228k generic citations.

2.2. Managing Law Versioning via Graph
Queries

Legislative systems evolve over time, generating a continu-
ous stream of new laws that amend or repeal existing ones.
Each change represents a new version of the law, captur-
ing the updated text whenever a modification occurs. This
process often results in an exponential increase in textual
documents, as even minor changes necessitate the storage
of additional files with the novel text.

By adopting the graph model and the schema that we pro-
posed, we can seamlessly handle such feature by (i) storing
the original textual version of each article of law within a
node property, (ii) storing the modified textual version, as
per amended by successive laws, as an edge property and
(iii) delegating the computation of the in-force text for a law
at a certain timestamp to a graph query, that, by leveraging

'In general, an abrogation can also directly repeal an entire law, which
is also permitted by our schema. n the rest of the paper, we will not
consider this case since it can be trivially considered by adding a UNION
operator in all our applications.

publication dates available in law nodes, is capable to always
infer the desired law version. By doing so, we avoid storing
multiple textual versions of the same law, achieving a more
efficient storage of legislative data and, at the same time,
allowing a more structured and straightforward approach
for querying statistics or detecting trends of a legislative
system.

In Figure 2, we present the query in Cypher that we
designed to manage law versioning based on our proposed
schema. Such a query strongly relies on navigating graph
patterns to combine temporal information. In detail, by
specifying a TIMESTAMP T and a law of interest L (i.e., an
IDLAW), we can get the text version of L at T by performing a
union that concatenates articles of L in their latest modified
version, as per modified by the law with the maximum
publication date before T, with articles that have never been
amended or have been amended only after T, thus do not
have any incoming edge of types ABROGATES and AMENDS.

Finally, we note how this approach is replicable even on
a more granular level, i.e., by considering paragraphs as
graph nodes. The benefit would be even more pronounced
since most of the modifications change only some words of
a law, and a standard document versioning approach would
require the storage of an additional document, even for tiny
substitutions. Here, the challenge would be consistently
modelling paragraph nodes and linking textual references
to such nodes, since references do not always explicitly
mention the paragraph, as we experienced with the Italian
legislation.

3. Triggers and Association Rules

Triggers have been a fundamental feature since the incep-
tion of relational databases [15]; they were explored in depth
in [16] and formalized in the ISO-ANSI SQL3 Standard [17].
Traditionally, triggers have been utilized to automate tasks
that facilitate the development of automation systems [18].
In graph databases, adding reactive components has also
been helpful in supporting important applications, such as



the monitoring of pandemic events [8], which naturally are
modeled into knowledge graphs stored in graph databases.
Formalizations of triggers for graph database and Property
Graph have recently been proposed [8, 19]. Due to the rich-
ness of the graph data model w.r.t. the relational model,
triggers can also be leveraged to encode more complex (and
interesting) events. For instance, since property graph items
can be either nodes or relationships, triggers can include
the creation and deletion of nodes/relationships as well as
the setting and removal of their labels and properties. The
strong analogy between triggers, i.e., active rules, and de-
ductive rules, as defined in [20], has also enabled the use of
triggers for adopting reasoning approaches over data mod-
elled into knowledge graphs stored as property graphs.

Association rules (AR) mining was first introduced in [21,
22] and aim to uncover patterns or correlations within data.
Classically, association rules take the form of X — Y where
Xis referred to as the body of the rule and Yas its head. Both
body and head represent predicates or conditions that can be
validated within the data, based on two key metrics: support
and confidence. Association rules mining has been applied
in many different domains: for instance, for highlighting
which items are frequently purchased together [23, 24], for
detecting connections between symptoms and diseases in
medicine [25], or to uncover patterns of user interest in
social networks [26]. Like triggers, the flexibility and rich-
ness of the graph data model allow association rule mining
to uncover more insightful patterns within the data. The
MINE GRAPH RULE operator, introduced in [9], leverages
all the capabilities of the graph query language to simplify
the definition and extraction of association rules from graph
databases. While the operator is not fully integrated into
the standard Cypher language, its syntax closely follows
Cypher, ensuring clarity and readability. Furthermore, the
queries used to extract association rules can be implemented
in any graph database management system that supports
GQL.

In the rest of this section, we present two practical appli-
cations of such tools, demonstrating their contribution to
implementing more sophisticated monitoring activities in
the legislative domain.

3.1. Warnings for Legal Basis Abrogation

In the legislative context, reasoning through active rules can
be used to create automatic monitoring systems that derive
warnings for anomalous events based on graph patterns.
We identified an important application of such a feature in
the monitoring events of repealing important acts that are
legal basis to other pieces of legislation. Such abrogations
might create legislative voids and hinder the applicability of
third laws, which have their foundation in the repealed law.
In other words, the content and rules stated in an act might
depend on legislation abrogated by the newly enacted law.

In our schema, we modelled legislative dependencies
through IS LEGAL BASIS OF edges, which define the foun-
dations of a given law. Thus, to implement the application,
we can use the graph structure to infer timely warnings
about potentially harmful situations that must be moni-
tored. Such warnings take the form of new special edges
that can be visually inspected. In detail, we can define the
following deductive rules that generate warnings for the
considered problem:

1. Whenever a new law containing abrogations is pub-
lished, we compute whether the new law has re-

UNDERMINES

Figure 3: Law 2021/179 repeals law 2000/174, by abrogating
its remaining in-force article (i.e., article 7). However, since law
2000/174 is a legal foundation of law 2010/37, law 2021/179 also
undermines its validity since its foundation has been removed,
raising a potential legislative void.

pealed an older law by leveraging the graph schema,
as discussed in Section 2. In such cases, we merge
REPEAL edges that connect the new law node with
the abrogated law nodes.

2. By traversing the IS LEGAL BASIS OF edges, a sec-
ond reasoning rule monitors whether the REPEAL
of a law has created a legislative void in the legal
foundation of a third in-force law. For such cases,
it creates a warning edge informing about the po-
tentially harmful situation (that we denote as an
UNDERMINES edge).

A visual example of the reasoning process is available in
Figure 3.

The first rule can be encoded within the following trig-
ger expressed in Cypher, a possible implementation of PG-
Triggers, as defined in [8]:

UNWIND $createdRelationship AS newRel

MATCH p=(l:Law)-[:HAS_ARTICLE]->(a:Article)
<-[newRel :ABROGATES]-(a2:Article)
<-[:HAS_ARTICLE]- (newLaw:Law)

WHERE newRel.paragraph IS NULL

WITH 1, a, newLaw

MATCH (1)-[:HAS_ARTICLE]->(a)<-[r:ABROGATES]-()

WHERE r.paragraph IS NULL

WITH 1, 1.numArt AS NUMART, COUNT(DISTINCT a)
AS NUMREPEALS, newLaw

WHERE NUMREPEALS >= NUMART

MERGE (newLaw)-[r:REPEAL]->(1)

where the UNWIND clause captures, within the Neo4j
ecosystem, the insertion of a new ABROGATES edges which
derive from the insertion of a new law node. If a graph pat-
tern denoting an article abrogation without the paragraph
property exists (denoting, according to our schema, a full
abrogation), then the full abrogation is tested by monitoring
whether all its articles have been repealed. In such a sce-
nario, the trigger merges a new edge denoting an abrogation
(i.e., s REPEAL) of the destination law node.

The second rule can be implemented as:

UNWIND $createdRelationships AS newRel

MATCH (a)<-[:HAS_ARTICLE]-(newLaw:Law)
- [newRel:REPEAL]->(1:Law)-[:IS_LEGAL_BASIS_OF]
->(12:Law)-[ :HAS_ARTICLE]->(a2:Article)

WHERE NOT EXISTS (()-[:REPEAL]->(12))

AND newLaw.id <> 12.id

AND NOT EXISTS ((a)-[:ABROGATES |CITES|AMENDS |
INTRODUCES]->(a2))

MERGE (newLaw) - [ :UNDERMINES]->(12)




where, here, the UNWIND clause captures the newly created
REPEAL edges and checks whether it exists a non-abrogated
law whose the repealed one is the legal basis of. Within
the WHERE conditions, we exclude the cases in which the
repealing law already contains any explicit “correction” to
the destination law and its articles. If such a pattern exists,
we merge new derived relationships, i.e., UNDERMINES edges,
which denote a potential legislative void since the newly
published law is deleting a law that is used as a legal founda-
tion in a third law. Thus, such edges require attention from
the legislator and any interested stakeholders in the domain
of the law. The warnings might translate into corrective
actions, i.e., new laws or articles that fix legislative voids
that might have been generated.

3.2. Patterns of Government Attitude

In a legislative graph proposed in Section 2, items represent
laws, articles, and attachments. Such a schema can be easily
enriched by adding governments and topic nodes?. The
former represents the governments under which laws have
been enacted; the latter connects each legislative node to
the topics its content refers to. With these enrichments, we
can exploit (graph) association rules to understand which
and if governments have the attitude to profoundly change
legislation referring to a topic for which its predecessor
government had also previously implemented legislation.
Through this application, we can detect temporal graph
patterns that monitor the behaviour of governments and
identify discontinuity evolution of the legislation. The min-
ing of this kind of pattern can be achieved by adopting the
MINE GRAPH RULE operator, whose syntax was proposed
in [9], and can be written as:

MINE GRAPH RULE FrequentChangesOnTopic
GROUPING ON (t:Topic)
WHERE t.name CONTAINS '$topicName'
DEFINING
BODY AS (t)<-[:0F_TOPIC]-(a:Article)
<-[:HAS_ARTICLE]-(1:Law)<-[:CREATED_UNDER]
-(g:Government) - [ : SUCCEDED_BY]
->(g2.Government)
HEAD AS (t)<-[:0F_TOPIC]-(a2:Article)
<-[ :ABROGATES] - (a3:Article)<-[:HAS_ARTICLE]
-(l2:Law)<-[:CREATED_UNDER]- (g3:Government)
WHERE g2 = g3
IGNORE a, 1, g2, a2, a3, 12
EXTRACTING RULES WITH SUPPORT > 0.2
AND CONFIDENCE > 0.6

which extracts whether a certain topic of interest, regulated
under a certain government, is also significantly reshaped by
its direct successor in government. Therefore, the output of
such a rule is statistically significant patterns of disconti-
nuity that allow us to monitor a possible important shift
of regulation from one government to another regarding a
certain topic. We highlight how such output is more high-
level than looking for modifications and abrogations that
a government made to the legislation implemented by its
predecessor. In fact, the complexity of the legislative system
hinders the result of such a query since these shifts could
also be captured indirectly through third laws, which share
the same (or similar) topic.

“Multiple approaches can be used to derive topics from textual docu-
ments, either semi-supervised ones [27] or state-of-the-art LLM-based
topic extraction tools [28]

Legislative

Repealing Law  Warnings Interventions
1949/264 1 4
1954/615 1 0
1967/18 49 20
1967/601 9 3

Table 1

Sample of the warnings generated by a repealing law and the
number of legislative interventions that have occurred, within
one year after the publication of the repealing law, to third laws
having as foundation a law abrogated by the “repealing” law.

4. Implementation and Results

In this section, we execute the proposed triggers and associa-
tion rules within the Italian legislation that we have already
modelled in a property graph [14], aiming to demonstrate
the efficacy and utility of such tools in a real-world scenario.
In particular, we show how warnings generated by our trig-
gers significantly correlate with ex-post interventions, i.e.,
correction measures that modify or add details about the
law signalled by the alert system based on triggers. Then,
we implement an AR in the Italian graph to analyze whether
we can monitor and find patterns of the legislation related
to procurement rules, which are under strong scrutiny in
the daily Italian news. We discover that in recent years,
many governments have had a reshaping attitude toward
such legislation, with profound changes and discontinuity
among recent governments, which harm the stability of
legislation, one the drivers of economic growth [29].

4.1. Relevance of Warnings

As discussed in Section 3.1, we consider as a warning the
emergence of an UNDERMINES edge, derived via reasoning
with triggers. We implemented the triggers in a Neo4j
database, which we also used to store the graph of the Italian
legislation. To implement triggers as reasoning rules, ca-
pable of inferring novel knowledge through deductions, as
required by this use case, we made use of a publicly available
Neo4j plugin® that, through the use of a trigger controller,
manages the correct execution order of triggers that enables
reasoning.

To test the significance of these warnings, we adopted
a historical analysis strategy: we replicated the (ordered)
insertion of each law within the graph to let the Neo4j
triggers activate based on the legislative situation at each
timestamp.

First, we computed the number of warnings generated for
each law, which we depict in Figure 4. Then, we correlated
such values with the number of ex-post interventions that
the legislator had to make within the year after the publica-
tion of the law to fix or repair a legislative void. We count
interventions as the distinct number of references to the
“undermining” law that occurs in the following 365 days af-
ter the official publication. Thus, for each law that activates
the triggers, we get two values: the number of warnings
generated and the number of interventions. In Table 1, we
present a portion of the two values that we computed for
laws that have been signalled as warnings.

Finally, we compute the Pearson correlation coefficient
to measure the linear relationship between the two datasets.

3The implementation is available at [30]



N w 2 a
3 H ] g

Generated Warnings

°

1950 1960 1970 1980

1990 2000 2010 2020

Time

Figure 4: Warnings generated by our trigger-based reasoning system, aiming to monitor the abrogations of relevant laws. Each bar
represents the number of warnings generated whenever a new law is published, i.e., the number of UNDERMINES relationships that are

merged within the graph.

The idea is that a significant positive correlation coefficient
implies that the higher the number of warnings generated,
the higher the probability of necessary intervention to fix
the legislative void, giving our warning system also some
predictive power to predict harmful legislation. Since the
distributions of warnings and interventions are not nor-
mally distributed, we adopted a bootstrap approach [31, 32]
to estimate the sampling distribution of the correlation co-
efficient and to test whether it is significantly different from
zero. We observed a Pearson coefficient of 0.394 and a p-
value of 0.02, implying a significant positive relationship
between the two series, which can be interpreted as a higher
probability of intervention whenever more warnings are
generated, i.e., a “central” law is repealed and requires more
interventions.

4.2. Evolution of Procurement Regulation

As a representative example, we identified regulation re-
garding “procurement” as an interesting topic to analyze
through association rules. The theme is under scrutiny by
the general public for its long-standing episodes of corrup-
tion in the country, as also studied in dedicated economic
research [33]. Through the running of our association rule
tool for this topic, we aim to monitor the behaviour of gov-
ernments in continuously modifying legislation in this area.

We implemented the MINE GRAPH RULE operator in
Neo4j* a previous work (see [9]). The output of the AR
run for the procurement legislation is presented in Table 2.
Considering the number of topics in the graph, setting the
support and confidence thresholds to 0.2 effectively identi-
fies strong rules. Out of the 69 governments of the Italian
Republic, 16 have significantly reshaped the topics their
predecessor had worked on. An alarming trend is that this
“practice” has intensified in recent years. Notably, 15 out
of the 16 governments identified began after 1990. Another
concerning behavior highlighted by the extracted rules is
that governments succeeding those of a different political
alignment are more likely to repeal pieces of procurement
legislation, suggesting a dismantling of the predecessors’
work. For instance, one of the rules with the highest sup-
port and confidence values reveals that the fourth Berlusconi
government (right-wing) reshaped procurement legislation
previously modified or enacted by the second Prodi govern-
ment (left-wing).

5. Conclusions

In this paper, we built upon recent efforts in modelling
legislative systems within graph databases, describing the

“The implementation is available at [34]

Head Bod .
Government Predece)s,sor Support  Confidence
I Meloni | Draghi 0.57 0.80
Il Conte | Conte 0.29 0.66
| Conte | Gentiloni 0.57 1.00
| Gentiloni | Renzi 0.57 0.80
| Renzi | Letta 0.28 1.00
| Letta | Monti 0.28 0.66
| Monti IV Berlusconi 0.57 0.80
IV Berlusconi 1l Prodi 0.57 1
I Prodi 11 Berlusconi 0.43 0.5
11 Berlusconi Il Amato 0.29 1
Il D’Alema | D’Alema 0.29 0.33
| D’Alema | Prodi 0.29 0.5
| Prodi | Dini 0.29 0.5
I Ciampi I Amato 0.29 1
VII Andreotti VI Andreotti 0.43 0.75
11l Moro Il Moro 0.43 1
Table 2

Output of the MINE GRAPH RULE operator used to discover pat-
terns of changes in procurement regulation. Results have been
ordered by the temporal dimension, i.e., starting from the most
recent pair of adjacent governments, and depict a scenario in
which the government in the body column enacted relevant leg-
islation about “procurement” which was profoundly reshaped by
the (successor) government in the head column.

motivations and benefits of adopting Property Graphs as
a powerful solution for comprehensive legislative knowl-
edge management. We demonstrated how adopting a graph
database and our schema can seamlessly handle the tem-
poral aspects and evolution of legislative acts, delegating
to queries the task of retrieving the correct information,
such as computing the in-force text, instead of storing mul-
tiple versions of the same act. Then, we looked at recent
tools recently adopted and developed by the Property Graph
community, i.e., triggers and association rules, to offer in-
novative and powerful applications that can be useful in
conducting advanced legislative knowledge management.
To this aim, we demonstrated how triggers can be used to
build a simple but effective warning system that monitors
whether legislative voids are created. Finally, we used asso-
ciation rules to discover significant patterns in the evolution
of the Italian legislation referred to procurement, discover-
ing an increasing trend of instability in such legislation. In
future work, we will further explore the utility of these tools
for knowledge discovery, refining their applications in the
legislative domain with the help of experts and identifying
new domains that could benefit from these advancements.
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