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Maritime Shipping Network Graph Representation

Creating and evaluating a graph representation of maritime vessel tra [Lc_Using AIS
data

HAMPUS LARSSON, WENDY PAU

Department of Computer Science and Engineering

Chalmers University of Technology and University of Gothenburg

Abstract

Maritime shipping shoulders more than 90% of global trade. Data science and
ML, another immensely profitable industry, currently experiences an unprecedented
evolution of techniques. This project proposes novel methods that apply data science
techniques to the domain of maritime shipping. The main objective of this project
is to construct a graph closely modelling the global maritime shipping structure,
from which analytics can be derived. The node set is constructed using a pipeline of
Change Point Detection to identify preliminary waypoints and reduce data quantity,
KDE is utilised for geographical density estimation and partitioning the AIS data into
di Lerent density areas, and lastly, the geospatial indexing framework S2 Geometry is
used for final waypoint extraction to a node set. The edge set is constructed using a
transition matrix that is used together with the final node set to construct the graph
representation. Simulation results on the graph representation reveal the ability
to construct routes with high resemblance to real-world routes. Further testing
revealed high likeness between the most influential nodes in the graph representation
and influential points-of-interest in the maritime shipping structure. In turn, the
maritime shipping network graph representation is a tool for analysing the maritime
shipping structure.

Keywords: AIS data, maritime, graph, network, kernel density estimation, S2 Google,
tra [c rbute, change point detection, path-finding, A*.
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1

Introduction

The maritime transportation sector stands as a cornerstone of our current economy.
The demand for moving goods continues to surge, propelled by customer expectations
for cost-e ective, top-tier services and the expenses tied to providing these transport
services. Maritime shipping dominates alternative modes of transport such as trucks,
aeroplanes, or trains, due to its cost e ciency, rapid speeds, and dependable schedules
[1]. Dating back through history, maritime transportation remains one of humanity's
earliest means of connecting, playing an integral role in trade and cultural exchange.
Presently, maritime transport shoulders more than 90% of global trade, particularly
within global scale logistical networks [2]. In the last 30 years, containerised cargo
has grown by more than 8% annually, with more tharb150container ships globally
operational in 2017 [3].

In recent years, data science and Al have exploded. The data science market is
projected to increase fron$963 billion (2022) to $3787 billion (2030) [4], a potential
largely based in the acquisition of data science and Al into new disciplines. As of
2023,182% of rms in America report the usage of Al a greater than three-fold
increase since 2017 [5]. In the maritime shipping sector, data science is no foreign
concept. As it stands, the query 'maritime shipping Al' yields approximately80 900
results on Google Scholar [6]. However, due to the rapid development of data science
and Al, many concepts are left unexplored in the context of maritime shipping.

The complex structure of global maritime shipping share a multitude of properties
with that of a mathematical graph. Ports exhibit node-like properties, being crucial
points of connectivity in the maritime shipping structure. Likewise, the movements
of vessels between ports model the function of edges in a graph [7].

By leveraging emerging data science and Al/ML techniques, global maritime shipping
and its network structure can be modelled as a graph. A graph representation of the
maritime shipping structure could provide multifaceted bene ts, primarily stemming
from inherent properties of the graph structure. Firstly, a graph representation
enables the visualisation of complex connections within the maritime structure,
thus allowing stakeholders comprehensive insights into the ow of cargo, route
optimisation, and bottleneck analysis. Secondly, by leveraging graph algorithms the
analysis of key nodes, vital shipping lanes, and strategic ports is facilitated; decision-
making processes are aided. Moreover, a graph representation would provide means
for analysing dynamic changes in the shipping structure. In simulation and testing,
the understanding of the global maritime shipping network could be furthered.



1. Introduction

1.1 Problem Description

This thesis contributes to the maritime shipping sector by utilising data science
techniques to construct a graph representation modelling the maritime shipping
network, with naval points of interest as nodes and vessel routes as edges. A graph
representation of the maritime shipping network is constructed using Automatic
Identi cation System (AIS) data (Section 2.1), o ering valuable insights into the
operation and structure of maritime shipping. Through its construction via historical
AlS data, the graph representation provides a unique platform for analysis where vital
hubs and points of interest (POI) in the maritime shipping structure are deduced.
Furthermore, shipping journeys can be planned using algorithmic approaches. As
such, the construction of a true-to-life graph representation paves the way for
savings analysis; both of economic and environmental nature.

One of the main challenges lies in producing a graph representation that is both
meaningful and accurately re ects the intricacies of the actual maritime network.
Determining what the nodes and edges shall represent poses a signi cant challenge.
While the existing research commonly adopts an approach that treats ports as nodes
and the connections between them as edges, this approach might overlook valuable
insights [7]. One have to consider that there are additional elements that should be
included within the node set, such as anchorages, sea lanes, and other geographical
POl's.

Furthermore, the geographical density of data plays a crucial role in de ning nodes.
Certain locations experience heavy maritime tra c in contrast to others; the data
density is uneven. Therefore, many clustering algorithms, such as the original
DBSCAN [8], are not suited for the task of aggregating AIS data into nodes.

Another challenge, presented by the issue of uneven data coverage, is dealing with
missing data. Since vessels often turn o their AlS, the AIS data typically have gaps
and uneven geographical distribution. This missing data further complicates the
problem since important milestones risk being omitted from the AIS data. Without
comprehensive data coverage, there are di culties in accurately discerning the actual
routes undertaken by vessels, which in turn risk causing a disconnect between reality
and the model graph representation.

1.2 Purpose

As alluded to, the primary aim of this project is to construct a close-to-reality graph
representation of the maritime shipping network structure. With the purpose of
allowing transfer of insights from the graph representation to real life scenarios,
closeness to reality is a main concern.

To achieve a close to reality graph representation, focus lay on constructing both
a comprehensive node set and a meaningful edge set. Thus, with the purpose of
identifying nodes suitable for inclusion in the node set, maritime points of interest
(waypoints) are extracted from AIS data. By applying ML techniques, the density
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1. Introduction

disparities and missing data mentioned in Section 1.1 can be combated. As the
aim is to accurately represent maritime shipping in the form of a graph, edges are
also a focal point of research. By observing historical vessel journeys, an edge set
representative of actual ship journeys is constructed.

Finally, this project aims to demonstrate the congruence of the graph representation
with real-world maritime tra c. With this objective in mind, path nding algorithms

are explored to compare the navigation between nodes to that of the real life
navigation of vessels between ports.

1.3 Limitations

One limitation in constructing the graph representation pertained to the time frame
of AIS data integration. The graph is based on historical AlIS data spanning from
2018 to the present day. Consequently, shipping patterns predating 2018 are not
taken into account.

Another limitation imposed on the project concerns the observation of actualised

success. In Section 1.1 a key motivator of the project is explained to be the potential
for environmental and economic savings. It is not within the scope of this project
to see insights gathered from the graph representation actualised in the real world
maritime sector. Instead, the scope is limited to simulation on historical data, as

opposed to the identi cation and actualisation of future savings.

1.4 Ethical Considerations and Risks

The process of constructing a comprehensive maritime network graph representa-
tion featured a multitude of inherent risks and ethical considerations, that each
required meticulous attention throughout the duration of the project work. Ethical
considerations included, but are not limited to:

Unbiased analytics: In the case of future real-world application of the graph
representation for analytical purposes, fair and unbiased analytics will be of
vital importance. Therefore, project work has to actively reject discriminatory
practices, and consider the potential impact on diverse stakeholders.

Environmental obligations: One could argue it is an ethical obligation
to advocate for a sustainable tomorrow. Thus, the project always aims to
highlight the environmental implications of optimised maritime tra c; the
research has to align with the broader goals of society.

Apart from the necessity of the project aligning with the ethical considerations above,
there are also risks in need of management to ensure successful completion of the
study:

Geographical coverage and data sparsity: The AIS data is uneven as seen
to geographical coverage. There is a signi cant di erence between AIS coverage
in high density regions, as compared to low density regions. Therefore, the

3



1. Introduction

generalisability of the maritime network graph would have been at risk if the
unevenness could not be managed. One could even imagine some important
trade route to be missing from the graph representation. However, areas
with a high degree of AIS coverage also naturally happens to be areas of
high importance for maritime shipping. Furthermore, given that AIS data
extends back to 2018, it would be debatable to regard a maritime trade route
as signi cant if it has been inactive ever since then. Even though the project
did not fail due to this risk, in order to cover all bases of potential failure, the
following mitigation is proposed at the start of work: In the case of insu cient
global data coverage the project work will pivot to focus on an area more
local in scope, but vast in its AIS coverage (e.g. the English Channel or the
Mediterranean Sea).

Model alignment with reality: In Section 5.5 the evaluation process is
described. The model's usefulness can be validated through path- nding
algorithms, and by comparing proposed routes with the historically travelled
ones. Alas, this proved only partial usefulness; for the graph representation to
truly consolidate its usefulness, one has to further make sure of its alignment
with real maritime shipping structure via alternate avenues. Thus, if extra
proof of alignment is required, further action can be taken. To diminish the
severity of this 'risk' the following future mitigation is proposed: by engaging
in dialogue with domain experts at our disposal, both in modelling and in
maritime shipping, an extra level of certainty can be ensured.



2

Theory

In this chapter, theoretical concepts of importance to the purpose of this project are
presented. Firstly, the concept of the Automatic Identi cation System is described,
coupled with examples of its immense usability. Secondly, Googles S2 Geometry
library and its usability for this project is explained. Subsequently, concepts pertain-
ing to node set extraction from AIS data follow: Change Point Detection and Kernel
Density Estimation.

2.1 Automatic Identi cation System

The Automatic Identi cation System (AIS) is a vital tool for monitoring vessels at
sea and can be used for multiple purposes, as described in Section 3. It utilises VHF
radio to broadcast information about the ship, such as its identi cation, location,
speed, and direction. This real-time data is used to track vessels, avoid collisions,
control trac, and enforce maritime regulations. AIS data is also essential for
studying tra c patterns, optimising routes, and aiding search and rescue operations

[9].

2.2 Google S2 Geometry

In traditional cartography, so-called 'map projections' are employed and involve
mapping functions from the set of points on the planet's surface to a set of points on a
planar map. This is the cause of the infamous distortions in the Mercator projection.
This distortion problem can be largely circumvented by using spherical geometry and
spherical projections. While the earth is not perfectly spherical, it is more so than
at. A spherical projection, as the name implies, includes mapping points from the
surface of the Earth to points on a mathematical sphere. This procedure achieves
a distortion of only 0.56% [10]. To approach this problem, Google created the S2
library for spherical geometry.

The main idea of the framework is that the unit sphere can be decomposed into a
hierarchy of cells, where the Earth is projected onto six top-level ‘face cells' [11], [12].
Each top-level face cell can successively be subdivided into four smaller children cells,
where thelevel of a cell represents the number of subdivisions starting with the face
cell (see Figure 2.1). The levels range from 0 to 30, where a leaf cell is the smallest

5



2. Theory

cell at level 30, while the largest cell is a face cell at level 0. A cell is call&RCell
in the library, and each S2Cell is uniquely identi ed by a 64-bit S2Cellld.

Figure 2.1: A world map showing two of the six face cells, where the red face cell has
been subdivided into four smaller cells several times. The world map is plotted using
Cartopy [13]. CAVEAT: This gure is a conceptual visualisation of cell divisions.
The cell sizes are incorrect and do not represent the true sizes.

2.3 Change Point Detection

Change point detection is the task of nding changes in the underlying model of
a signal. In Figure 2.2a the functionf (x) = jx]j is displayed. This would be the
underlying model of the signal. Say we observe this function and sample at a
predetermined interval (Figure 2.2b). The task of change point detection is then to
observe these discrete samples and determine points where the funcfigr) changes
behaviour; such points are referred to as change points. If one were looking for
change points inf (x), then x = 0 would be a suitable candidate. For it is at this
point where the derivative of the function abruptly changes fronf {x) = 1to
fqx)=1.

Change point detection can be performed both o ine (as is the case in this report)
and online (real-time). The o ine case assumes a signg = fy;;:::; yrg that takes
values inRY space. Furthermore)y is assumed to be piece-wise stationary. This
means that some characteristics of the signal change abruptly at some unknown
timest; <t, <tg, whereK can be unknown. The task of change point detection
lies in identifying these time instancess; :::; tk .

This proves useful in detecting maritime waypoints. By observing changes in the
'speed' and 'course' signals of a vessel, change points can be found.

6



2. Theory

(a) Plot of the function f (x) = jxj. (b) Discrete sampling of the function
f(X) = jxj.

Figure 2.2: Plots of the functionf (x) = jxj in both a continuous manner and a
discrete manner.

2.3.1 PELT

PELT Pruned Exact Linear Time is an algorithm for detecting multiple change
points in a sequence of data. It was proposed as a computationally e cient alternative
to the Binary Segmentation and Segment Neighbourhood search methods [14]. The
algorithm works as follows:

1. Initialisation : The algorithm starts with no change points and calculates the
cost of this model. In this case, cost is de ned as the cumulative cost of a
segment of data pointsxq::x;::x, 2 X, where cost is the negative log likelihood
of the data under a Gaussian distribution:

x )7
2 2

X 1
cost= log pzf exp

i=1

This cost is stored in a list of minimum costs, and the change point which led
to this cost is stored in a separate list (initially empty).

2. lteration over data : For each data point from 2 ton (wheren is the total
number of data points), the algorithm calculates the cost of models with each
possible last change point and nds the one with the minimum cost. This cost
is then added to the list of minimum costs, and the corresponding change point
is added to the list of change points.

3. Pruning : To improve e ciency, the algorithm discards change points that
could not possibly minimise the cost in future iterations. This is done by
considering the cost and the rate of change of cost for each change point.

4. Termination : The algorithm stops when it has iterated over all data points.
The detected change points are those stored in the list of change points.

PELT requires a penalty. This is most commonly chosen using a derivation of the
Bayesian information criterion (BIC) as seen in Equation 2.1 [15].



2. Theory

=p logn (2.1)

Herep is a calibration parameter andn is the sample size.

2.4 Kernel Density Estimation

Kernel Density Estimation (KDE), also called the kernel estimator, is a non-
parametric density estimator used for estimating the underlying probability density
function (pdf) of a random variable [16]. Due to the non-parametric nature, requiring
no assumption on the underlying parametric form, KDE allows more exibility by
automatically learning the density shape from the data. This is one of the things that
makes KDE a suitable approach for data drawn from an unknown or complicated
distribution.

Let (X1;X5; 5 X,) be independent random samples drawn from an unknown dis-
tribution with density function f. The kernel estimator can formally be expressed
as

_ 1 X X X
f’\(x)—m_ K -

i=1

2.2)

whereh > 0 is the bandwidth (also called window width or smoothing parameter),
and K is a kernel function that satis es the condition

z
' K(x)dx =1: (2.3)

The basic idea of KDE involves applying the kernel functiolK on each sample,
which returns individual smooth bumps that are then summed together to obtain a
density estimator. Figure 2.3 shows an 1D example of KDE construction where the
red bumps are the small bumps after applying the kernel function on each sample,
and the blue line is the summed, resulting density estimator.

Figure 2.3: A conceptual visualisation of an 1D case of how KDE is constructed.
The black lines indicate the locations of the ve observations, the red bumps are the
smoothed observations, and lastly, the blue curve is the resulting density estimate.



2. Theory

Bandwidth selectionis the problem of selecting the smoothing bandwidth and is a
classical topic researched in non-parametric statistics. Figure 2.4 presents another
KDE example that uses di erent values forh on a dataset randomly sampled from a
normal distribution.

Figure 2.4: KDE with di erent smoothing bandwidths. The plots are created using
seaborn.kdeplot()[17], with samples randomly drawn from a normal distribution
using the Python packageNumPy [18].

The left sub gure shows undersmoothing of the density estimate, where a lot of

(wanted and unwanted) features are captured. Whereas, the right sub gure shows

the e ect of oversmoothing where all features are lost or obscured. There exists
common approaches to bandwidth selection such as Silverman's Rule and Scott's
Rule to name a few [19], [20]. For more details and discussions about KDE and
bandwidth selection, see [16].
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Related Work

As a consequence of the high monetary volume present in the maritime shipping
sector, previous work has been carried out with the aim of optimising the industry.
What is presented below is only a subset of the studies; albeit, a relevant subset.
Because of the grand nature of the maritime sector, research has branched in a
multitude of directions such as: route planning, shipping network creation, and vessel
optimisation.

In Yang et al. [21], the authors successfully reconstructed the shipping service network
between Europe and Asia while considering th®ne Belt One Roadinitiative. The
proposal, as laid out by China, involved the improvement of the Budapest-Piraeus
railway and the New Eurasian Land Bridge rail services. Considering the initiative,
the paper explored the coping strategy for the Chinese liner shipping company. Their
ndings showed increased prot by5 6% using their shipping network, meeting
more origin-destination demands, nding 'better' hub ports and lastly, discovering
the changes and e ects the initiative would come to bring. Here, they were able to see
signi cant bene t of increased port calls to Piraeus. An immediate increase of cargo
volume could be attributed to the increased capacity, and reduced freight rate of the
East Europe rail. The increased capacity usage rate in the new shipping network
alleviated pressure from the rest of the system. From these ndings, the authors
were able to gain managerial insights, showcasing the usefulness of shipping network
design for controlling transportation costs and improving shipping e ciency. The
ndings were also useful for gaining understanding of the current shipping network
and the e ects of potential future changes.

A study similar to this project was conducted by Liu et al. [22], in which the authors
proposed a framework of global maritime shipping network extraction using machine
learning methods, including waypoint and berthing area identi cation, trajectory
segmentation and separation, edge generation, and the construction of directed
graphs modelling the global maritime shipping network using AIS data of bulk
carriers in 2018. To prove and explore the application of the shipping network, a
probability-based route planning method using the A* algorithm was proposed. The
estimated shipping networks showed e ectiveness for ship routing where generation
of navigable routes given any departure and destination was one of the important
applications, especially when there is no historical data on recorded paths between
them. The paper highlighted some challenges such as the di culty of recognising
unique thresholds for changes in the navigation status for di erent ships in di erent
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scenarios, and ine ective di erentiation of waypoint areas among highly dense areas
in large waters despite divided global regions and separately determined clustering
parameters for each region. Moreover, the probability-based route planning method
showed some unreasonable routes with high probabilities in large waters, where
the authors suspect it to be due to the simplicity of the way of calculating the
probability of node connections. For future work, the authors suggest either focusing
on solving the mentioned problems, improving the methodology of the shipping
network extraction, or conducting a deeper analysis of the estimated networks by
following current research.

Filipiak et al. [23] proposed a novel approach for extracting maritime tra ¢ networks
from AIS data using the cumulative sum (CUSUM) method for change detection and

a genetic algorithm (GA) for waypoint discovery. For edge discovery, the authors
annotated the nearest waypoint for each AlS data-point by looking at every trajectory

of the vessels passing an area of interest and tracking the visited waypoints based
on historical AIS data. Then, by grouping the AIS data byfrom_waypoint and
to_waypoint, a dataset containing edges is constructed. CUSUM was used for nding
preliminary waypoints by detecting AIS data-points with a signi cant change in
course or speed. The preliminary waypoints were partitioned using the spatial
partitioning algorithm k-d B-trees where each partition was treated separately by the
GA to detect the nal waypoints in a distributed manner. The spatial partitioning

was a crucial step for using the GA, as the dense areas represented the ttest genes
while sparse areas were ignored. The nal network was evaluated by comparing
four generated routes with the respective routes from a contemporary software
within the Baltic Sea area with AIS data spanning over 8 weeks. The AIS data
was further ltered, separating the data by passengers, tankers, and cargo ships.
The resulting graphs showed a closer resemblance for the tanker and cargo vessels
than the passenger vessels where the authors attribute it to data imbalance in the
AIS messages caused by some passenger routes operating on shorter and repetitive
patterns leading to numerous messages in small regions. Moreover, some irregularities
in the results are attributed to the stochastic nature of the GA. Lastly, the authors
highlighted that the proposed method could be improved due to its susceptibility to
missing or incorrect AIS messages and bad performance in sparse areas. A suggestion
was to use AIS trajectory reconstruction methods to alleviate the issue.

In a study conducted by Le Tixerant et al. [24], the authors investigated the uses of
Automatic Identi cation System (AIS) data for maritime spatial planning (MSP).
The results showed that AIS has many bene ts in analysis and further studies where
it can be used to describe sea- shing activities, construct trajectory and position
density maps, highlight hierarchical networks of maritime routes, asses risks of use
con icts in marine space by contributing to spatio-temporal interactions between
activities for di erent time spans, and produce more qualitative spatial indicators by
crossing AlS with other data. Another bene t is potentially having access to data
on a worldwide scale, enabling analysis both at global and local levels. However, due
to the nature of AIS data and being easily accessible while having an unclear legal
framework, the authors discuss how AIS can infringe on public privacy where it is
possible to extract leisure and shing navigation activities and link it to a person and

12



3. Related Work

how private organisations exploit, distribute and market it online raising concerns
from shipping companies.
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4

Data & Analysis

For this project, the dataset was provided by the company. The dataset contained
AIS data from three di erent sources, together with a list of ports (see visualisation
example of tra ¢ data in Figure 4.1). The three sources wereGatehouse, AISHub
and VesselFinder where the data ranged from year 2018 to the present day and
consisted of a mix of terrestrial and satellite data. The vessel information that is
common to all sources can be seen in Table 4.1 where it contains information about
a vessel and its status at some time point.

Figure 4.1: AIS data aggregated with H3 geographical index and coloured by the
mode navigational status of samples in each hexagon.
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Vessel Information
Field name Description
TIMESTAMP Date and Time (in UTC) when position was recorded by AIS
IMO Unique seven-digit vessel number
MMSI Maritime mobile service identity (AIS identi er)
NAME Name of the vessel
CALLSIGN Callsign of the vessel
LATITUDE Geographical latitude (WGS84)
LONGITUDE Geographical longitude (WGS84)
COURSE Course over ground (degrees)
SPEED Speed over ground (knots)
HEADING Heading of the vessel's hull (degrees)
NAVSTAT Navigation status according to [25]
AISTYPE Type of the vessel according to [26]
A Dimension (meters) from AIS GPS antenna to the Bow of the vessel
B Dimension (meters) from AIS GPS antenna to the Stern of the vessel (vessel
length = A+B)
C Dimension (meters) from AIS GPS antenna to the Port of the vessel
Dimension (meters) from AIS GPS antenna to the Starboard of the vesse
D P
(vessel width = C+D)
DRAUGHT Current draught of the vessel (meters)
DESTINATION Port of destination
ETA Estimated time of arrival

Table 4.1: Available information about the vessel information. Some elds can be

unavailable and is thus set as null. The descriptions were taken from [27], [28].

Tables 4.2, 4.3, 4.4, 4.5 show a single manufactured AIS data sample from the
Gatehouse data, consisting of 21 additional data elds. The data sample was
manufactured in the sense that it does not re ect any actual data transmitted by

a vessel, but the general picture painted by the actual data content is structurally
equivalent. This data consists more of port-to-port information such aport of
loading (pol), port of destination (pod) and estimated time of arrival (ETA).

‘ added_datetime position_datetime id start_datetime

end_datetime vessel_imo_number
2022-12-05 20:11:09.721494 UTC 2022-12-05 19:58:05.000000 UTC 999 2022-10-19 15:15:10.887625 UTC null 89

9684

Table 4.2: Example of AIS data sample structure, showing data elds 1-6.

input_pol_un_location_code pol_un_location_code pol_name pol_country
CNYSN CNYSN Yangshan China

pol_arrival_datetime
2022-07-20 00:00:00.000000 UTTC

Table 4.3: Example of AIS data sample structure, showing data elds 7-11.

input_pod_un_location_code pod_un_location_code
LKCMB LKCMB

pod_name
Port of Colombo

pod_country
Sri Lanka

pod_arrival_datetime
2022-09-11 23:59:59.999999 UTC

Table 4.4. Example of AIS data sample structure, showing data elds 12-16.

sta source_eta eta add_intermediate matched_schedule
2022-09-11T18:00:00 2022-12-26 18:00:00.000000 UTC 2022-09-11T18:00:00 TRUE null

Table 4.5: Example of AIS data sample structure, showing data elds 17-21.
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Figure 4.2: Global ports (red) from the port list excluding ports of type NaN.

The port data contains information about global ports such as location code, location
name, latitude, and longitude (Figure 4.2, Table 4.6). The combination of the
AlS data and the list of ports formed the foundation for constructing the graph

representation.

Port Information

Field name Description
. UN/LOCODE, the United Nations Code for Trade and Transport
un_location_code )
Locations

location_name Name of port location
location_country Country of port location
longitude Geographical longitude
latitude Geographical latitude
location_timezone Timezone of port location
location_subdivision | Name of subdivision location of the port
location_port_type Type of port e.g. harbour, seaport, river port
location_port_size Size of port (VS, S, M, L, VL)

Table 4.6: Available information about the port data. Some elds can be unavailable
and is thus set as null.

4.1 Data analysis

Data exploration and visualization were performed in order to gain understanding
and insight of the data. This aided in discovering variable correlation or relationship
that would be useful for the following steps in creation of the node and edge sets.
Data visualization helps identify data imbalances, insu cient or missing data among
the variables that could pose a future problem or to also help interpret the results.
The analysis and visualization tasks consisted of the following:
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