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THE SCENARIO:
The emerging field

PREMIER REFERENCE SOURCE

Visual Analytics
and Interactive
Technologies

Data, Text and Web Mining Applications
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Thomas Anthony £ditors
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and Visual
Analytics

John Dill

Rae Earnshaw

David Kasik

John Vince

Pak ChungWong Editors

Expanding

the Frontiers

of Visual Analytics
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mastering the information age
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Visual Analytics is a multidisciplinary
research field that combines data
analysis, human-computer interaction
and visualization to draw up new ways to
turn large dataset into knowledge while
enabling users to act upon their findings
in real-time.

VA integrates automated analysis
techniques with interactive visualisations
for an effective understanding, reasoning
and decision making on the basis of very
large and complex gai'ase’rs.

Its ultimate goal is to combine the
strengths of human and electronic data
processing
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Visual Data Exploration

O User interaction

Vlsuallsatlon
Mapping

Transformatlon

Model
visualisation
Data

.::.zf.z'g Q.'."g/
mining
Visual Analytics __ Models C

refinement

GOALS &
BENEFITS*

Better understanding of cause-effect relationships

|dentification of correlations

Information synthesis

Insights from massive and dynamic data

Detection of expected and discovery of the unexpected

Timely and uncﬁers’rcndabk assessments.

Effective assessment communication for action [*]
Ellis, G., & Mansmann, F. (2010).

Mastering the information age solving
problems with visual analytics.

— Data
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BiNA: A Visual Analytics Tool for Biological Network Data
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VISUAL ANALYTICS FOR THE STRATEGIC DECISION MAKING
PROCESS

JORN KOHLHAMMER®, THORSTEN MAY,

AMADOCILICQ LINDDNAL ANINT

D),
Available online at www.sciencedirect.com
Energy
. A ScienceDirect Pr di

Energy Procedia 122 (2017) 715-720 oce a era
www.elsevier com/locate/procedia tmg
CISBAT 2017 International Conference Future Buildings & Districts Energy Efficiency from that
Nano to Urban Scale, CISBAT 2017 6-8 September 2017, Lausanne, Switzerland ible
Building Simulation (Innovation, Rapid Design, Design Support) & ICT icted
Advocating the use of visual analytics in the context of BMS data me
arge
Julien Nembrini*“*, Florian Evéquoz‘“’, Roman Baeriswyl®, Denis Lalanne® ntly

Abstract
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© 2017 Thy
Peer-reviey

Districts -

Keywords:

1. Introd|

Visual Analytics for High-Dimensional Data
Exploration and Engineering Design

Optimisation
Alfred Inselberg Timoleon Kipouros
Professor, School of Mathematical Senior Research Associate, Engineering
Sciences, Tel Aviv University & Design Centre, Department of

Senior Fellow San Diego Engineering, University of Cambridge

In the last decade, in
step with technologicall
evolution, VA
techniques have taken
hold in a growing
number of research
areas from Physics to
Biology where huge
amounts of information
need to be understood.

The time is ripe
also for law...



Overview ] stual Legal

Analytics

o zVLA some
? experiences

5 Final
remarks



| Visual Legal
Analytics



VISUALIZATION

&
LAW

not a brand new idea...



MIDDLE AGES...

Arbor actionum:
diagram/map used
to graphically depict
legal concepts like the

impediments to marriage,

or the various stages
of legal procedures
in the Roman Law.

JOHANNES BASSIANUM
Arbor actionum, N77
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..EARLY XX"
CENTURY...

WIGMORE CHARTS
graphical methods

for the analysis of
connections linking
legal evidences in trials

WIGMORE ). H. (1937)

ébe Science of Judicial Proof: As
iven by Logic. Psychology, and

General Experience. Boston, MA.

§33. Same: an Example Charted. We chall thus have charted
the results of our reasoning upon the evidence affecting any
single probandum. But this probandum will usually now in its
turn (ante, §8) become an evidentiary fact, towards another

obandum in a catenate inference. The process of charting

+d valuation has then to be renewed for this new probandum;

-d so on until all the evidence has been charted, and the ulti-

ate probanda in issue under the pleadings have been reached.

The following portion of a chart will illustrate (taken from

- case of Com. V. Umilian, post, § 38):

one of the ultimate probanda under the pleadings, viz.
- accused killed the deceased. Circle 8 is one of the
ry facts, viz., a revengeful murderous emotion. The
1 on the line from 8 to 7 signifies provisional force

he inference.




More recent

T I M ES Bayesian Networks
eee for Probabilistic Inference
and Decision Analysis

in Forensic Science

Second Edition

Bayesian NETWORKS

graphical models made of

nodes, arrows between U
nodes and probability
assignment enabling the

visualization of
dependencies between
hypothesis and evidences.
BN allow to integrate

\ /
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LATEST === e @i
DEVELOPMENTS - . . =

recent years have
witnessed the integration
of computational social
science methods (network
analysis, machine learning,
information extraction etc)
to develop advanced tools
supporting the interaction,
management and
understanding of legal
information
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Building legal macroscopes:

VISUAL LEGAL ANALYTICS

An emerging branch in the computational evolution
of the legal research that integrates advanced
computational heuristics and visualization to provide
new insightful ways to deal with legal data.

Benefits potentially deriving from VLA research are
different: not only more effective and intuitive
solutions for the management of huge amounts of
legal information, but also new scientific tools to
investigate complex and multidimensional legal
phenomena



AREAS OF VLA
A preliminary classification

ENHANCED INFORMATION RETRIEVAL

Legal universe is complex, made up of different types of documents
(statutory norms, case law, scientific articles, administrative documents)
produced by different authorities (local, national, international) and often
interrelated. A first group of visual solutions is designed to make data
recovery and interaction more intuitive, effective and insightful.

LEGAL CORPORA ANALYSIS

Another of applications - stemming from the integration of graphic
representation and computational heuristics - is oriented to discover
intrinsic properties of legal corpora. In this context, the aspects enlightened
by visualization are various, from the relevance of judgments, to the
relations that bind legislation, legal doctrine and case law.

ANALYSIS OF LEGALLY RELEVANT PHENOMENA

V:fl Iﬂl:’ﬂ*:ﬂﬂ ~MNM Lﬂ IIPAA *A el lnnt\vl- +lﬂb IIHAAVB+HHA:“H A‘ ('f\l‘;l"l ‘ﬂl“"(‘




LEGAL CORPORA ANALYSIS

Another of applications - stemming from the integration of graphic
representation and computational heuristics - is oriented to discover
intrinsic properties of legal corpora. In this context, the aspects enlightened
by visualization are various, from the relevance of judgments, to the
relations that bind legislation, legal doctrine and case law.

ANALYSIS OF LEGALLY RELEVANT PHENOMENA

Visualization can be used to support the understanding of social facts
playing a role for the application of legal rules. E.g. visualization can be
used to help prosecutors enhancing the empirical analysis of facts like the
social structure of criminal networks or the “features” (dangerousness, social
embeddedness) of individuals under investigation.



p VLA: some
experiences



Underlying

Philosophy

Create open source and on line
analytical tools allowing to experiment
different combinations of data and
computational heuristics fo support the
investigation of legal issues

|dentify and measure the

COMPUTATIONAL CORRELATES
of LEGAL CONCEPTS and PHENOMENA

Extend and enhance the METHODOLOGICAL APPARATUS available to
scholars interested in the EMPIRICAL ANALYSIS of law



INTERDICIPLINARY

collaborations...

a heterogeneous
research group

involving people
from law,
computer science,
visualization,
compu’ru’riona|
biology
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Adjunct professor of Law Department of Computer Department of Clinical and
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Associate professor
Department of Computer
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Master Degree in Computer
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Post-doc research fellow
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Luca
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Research fellow
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PhD Student
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Master Degree in Computer
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Three tools... ...l

‘°‘ KNOWLEX™

legal information visual analytics experiment

casenet?.

Making experiments with visualization,
network analysis and EU caselaw




’rools...

O KNOWLEX"

legal information visual analytics experiment




Outline

KnowLex is an on-line “visual analytics toolkit’, implemented
as web application, whose main objective is to experiment
new ways to explore (and interact with) heterogeneous legal
documents (norms, case law, legal doctrine) coming from
different sources and connected to the same piece of
legislation.

Technicalities

KnowLex exploits mainstream technologies. On the client-side,
it has been cﬁaveloped using JavaScript open-source libraries
(Sigma.js,Linkurious.js and D3.js).

On the server-side, data are gathered through HTTP requests
using cURL, while PHP wrappers parse different ex’rerncﬂ
sources and produce structured data in JSON format. Data
are also saved in a MySQL database




'O' KNOWLEX

legal information visual analytics experiment
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Outline

CrimeMiner is an experimental analytical platform for
computational crime analysis exploring how the combination of
data mining, SNA, and visualization techniques can illuminate
structural and functional features of criminal organizations
starting from the analysis of simple relational and investigative
data. Data currently handled come from real criminal
proceedings and consist in people records and telephone/
environmental tapping: people are transformed into nodes of a
graph; telephone and environmental tapping depicting a
relationship between two or more people are represented as
edges to be analyzed using SNA metrics.

Technicalities

CrimeMiner is built upon the Java EE Spring Data Neo4j
framework.The front-end is implemented using JavaScript
libraries.
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casenet?.

Making experiments with visualization,
network analysis and EU caselaw




Outline

EUCaseNet is an online platform experimenting new
approaches to the analysis of legal corpora. The goal of the
project is to create an online laboratory allowing legal scholars
to explore the ECJ corpus (entirely downloaded with all its
metadata) in real time using both (e.g.
centrality measures) and . EuCaseNet
allows users to make basically two kinds of activities: 1) study the
features of the ECJ case law citation network and (2) visually
explore ECJ judgments metadata.

Technicalities

EUCaseNet has a three-tier architecture, implemented by
following a typical Model-View-Controller layer architecture,
The Data Persistence and Business layers are implemented
server-side, through Java Servlet components, within Apache
Tomcat. The User Interface Layer is implemented with
commonly used JavaScript libraries.




...and their features

ENHANCED
INFORMATION
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)r LEGAL
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ANALYSIS OF
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‘° kKNOWLEX™

legal information visual analytics experiment



NORM "NEIGHBORHOOD"

KnowlLex implements an interactive graph - the "Reference Network of the
Norm” showing a wide selection of legal documents connected with a piece of
legislation. The graph: i) depicts documents and their relations in the sEape of
nodes/edges; ii) allows to access documents' full-text and related information.

Starting from a norm chosen by the user ("Root” norm), KnowlLex gathers online
and puts in the same graph different types of documents (national laws,
Supreme Court judgments, constitutional judgments,

legal literature, preliminary

WOl’I(S efc.) o .foa‘.ei:rj;sw

O Contenuto di: L.40/2004
.I 1941978

The visualization and the o e OO

interactive exp|orc11'ion R [
of different categories S R

of legal sources and of =

the connections tying PP

them represent an 0 s
intuitive way to deal oo ©°%
with the complexity NN

of legal systems
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DN 4 EUCaseNet allows the interactive

application of network measures
(centrality, Page Rank, Community
detection etc.) to the network of the
citations connecting all the judgments
of the European Court of Justice.

The goal is to create a place to explore
the advantages potentially deriving from
network-based inferences in the discovery

of features characterizing both the EU
case law as a whole and single judgments

(e.g. the relevance of precedents)

ALUSTRIA E TELEFONADRESS

(@] LLO\?} SCHUHFABRIK MEYER

\\d(«\.asz R 's;;\w et
v Am—— The size and the color of the nodes can be
| varied based on the value of specific measures allowing users

to visually explore the potential correspondence between the results

of computational analysis and the features of judicial decisions



"HOT"
TOPICS &TRENDS

A heatmap allows to visually compare the
topics most covered by the entire EU case law
(a sort of “trending topics” defined by the
system using official ECJ data).

The visualization allows to intuitively
understand if a given ruling (e.g. a
judgment recognized as particularly
important by legal literature) deals
with issues to which the EU case law
has already reserved particular
attention in the past.

The measurement suggests
the emergence of new trends,
offering ideas for further
investigations.
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EVOLUTION
OF EU CASE LAW

A linegraph depicts, in diachronic terms, some aspects

of the evolution of the EU case law allowing

to see how the number of judgments

dealing with a given topic

(e'g' free movement OF gOOdS Publicatons Team  Experiments RIeTH e EN1N

in EU) evolved over fime. e/

The possibility of superimposing =
several lines related to different

topics, allows to make useful

comparisons and to identify

notable correlations in the

changesof most frequent
topics dealt with by the . ,
European Court of Justice | 7\

'Y AMOUNTS ACTS OF THE INSTITUTIONS




‘°‘ KNOWLEX™

legal information visual analytics experiment




SEMANTIC
TREEMAP

A treemap allows to extract information and inferences from the corpus of
legal doctrine relating to a given law, exploiting the classification by subject of
the papers published with reference to it.

The map allows to: 1) visually explore the impact of a law on the different areas
of the legal system (e.g., if 70% of the papers related to law x are

i tagged "administrative law", it is likely

that this is the area on which the

law has had most of its impact);
2) understand how doctrine
has evolved and which
topics have drawn more
attention over time

(aredas color varies
according to papers'
publishing date).




NORM
IMPACT METER

The linegraph of the Norm Impact Meter module combines graphs relating to
different categories of documents that refer to a specific law (amendments,
repeals, citations contained in other laws; judgments of different authorities
that apply the norm; reviews of constitutionality) allowing to tease

out a quantitative image of the

impact of the law on

the legal system.
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COMPARISON

KnowLex exploits data provided by its modules to implement a sort of "semantic
comparison” between different laws.

2 views allow to understand: 1) if the laws have dealt the same topics (which is obtained
from the semantic tags of the papers relating to each law); 2) how much two laws

are similar to each other (thanks to L.
similarity indexes represented orm Doctine Comparatin - = o
through gauge meters).

The feature is interesting if
used to compare norms of the
same type like Finance acts.

1]
]

A different "semantic 051
fingerprint’suggests that |
the legislator has focused

its attention on different

priorities (e.g., public B “ 11

1]
]

0.05

education rather than
health-care).
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ROLES AND INTERACTIONS
IN CRIMINAL NETWORKS

A wiretaps graph offers an intuitive
view of the social interactions taking
place within the organization by
representing the suspects as nodes
and communications as edges.

The application of NA measures
allows to display different
features of the organization
(dimensions, subcommunities)
and of individuals (connections,
social role, level of social activity)




RELEVANCE
L INTERACTIONS

Bi and tripartite graphs, created by
connecting in a heterogeneous
graph nodes describing different
entities (individuals, criminal
records, meetings in presence),
allow to visualize information and
- thanks to NA - draw inferences
about relevant features

of the criminal network

under investigation such

as the criminal relevance

of meetings involving

members o?’rhe group.



SIMILARITY
OF CRIMINAL PROFILES

A 3D Scatterplot, based on the
analysis of data about members

£ Data Settings

Filter Low Similarity:

Individual / Wiret

lick and drag the plot

. e AN

of the network (crimina
social activity, relations

records,
nips etc.)

made using a similarity

algorithm (SimRan

<), allows

to visualize which are,

within the orga

nization,

the most similar
individuals according
to their overall

crimin

al profile



MACHINE LEARNING &
CRIMINAL DANGEROUSNESS

cnuEmmer

4 computational crime analysis project

\

+

N WEKA

Open Source Data Mining and
/ Machine Learning Software

A recent development of our project
has led to the integration of machine
learning features into CrimeMiner.

By analyzing the features of the
members of the organization (value of
NA measures, criminal records etc.),

a previously trained classifier suggests

to the domain expert (e.g. the prosecutor
leading the investigation) the identity of
potentially dangerous individuals.

User can provide feedback to the
classifier by interacting with the nodes
of the graph, so to dynamically change
the "notion" of criminal dangerousness.



Final
D remarks



There's a long way to go...

Prototypes (and ideas) presented today are only
a first attempt to create new links between legal
world and developments that are taking place in the
area of visualization and visual analytics.

There's the need for an in-depth and interdisciplinary
reflection capable of leading us to understand and
imagine new ways to exploit visualization in legal
research and practice.



...out prospects are promising

Prospects are undoubtedly promising especially if one

sees in the use of computational visualization not only

a way to describe or make accessible traditional legal

materials, but instead a way to enable new heuristics,
new forms of understanding legal reality.
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Abstract

Visual Analytics (VA) is a fledgling multidisciplinary research field that
combines data analysis, human-computer interaction and visualization
to draw up new ways to turn large dataset into knowledge while also
enabling users to act upon their findings in real-time.

In the last decade, in step with technological evolution, VA has
become relevant in a growing number of areas spanning from Physics
to Business intelligence where huge amounts of information need to be
analyzed and understood.

The talk presents three projects dealing with the application of VA to
legal issues. After a brief introduction to the rise and challenges of what
| define Visual Legal Analytics, | will sketch the results of the projects
discussing their objectives, advantages, limits and perspectives.



