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Navigating the Future of' Geospatial Data Management

Blue Paper

Explore the state-of-the-art software architecture behind north.io's cloud
platforms, unlocking the secrets to scalability, efficiency, and the potential
of ocean and terrestrial geospatial data. Discover how north.io’s
geospatial data platforms, TrueOcean and TrueEarth, are designed to
revolutionise data management, collaboration, and analysis. From

strategic programming language to the microservice paradigm and the
pivotal role of Kubernetes, this blue paper illuminates the path to
navigating the future of geospatial data management.
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north.10’s Innovative
Platform Architecture

The ever-increasing volume and complexity of ocean
and terrestrial geospatial data pose a significant
challenge for organisations in terms of data
management, collaboration, and analysis. Our
geospatial data platforms, TrueOcean and Truekarth,
pring a multitude of new paradigms into this domain
py addressing these challenges with a
comprehensive Software-as-a-Service (SaaS)
solution for ocean and terrestrial geospatial data
management. At the heart of north.i0’s cloud
platforms effectiveness lies a robust, highly efficient,
and scalable architecture. Let’s explore why our
approaches are state-of-the-artand why it is
essential and unlock the true potential of the vast
amount of ocean and terrestrial geospatial data.

Image: On the right side, a monitor showing the Geospatial Data Platform, TrueEarth, on the left side a monitor
showing the Ocean Data Platform, TrueOcean.
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Programming Languages

The robust functionality of north.io’s cloud platforms is underpinned by an
architectural approach that allows each service to be built using the most
effective language for its specific role. Drawing on the deep expertise of our
software, big data, and Al engineers, we can select the best programming
language for the task at hand. Below Is an explanation of the programming
languages we have chosen and why:

‘Golang’, known for its lightning-fast performance and built-in concurrency
features, forms the backbone of many of north.io’s backend services. The
aforementioned properties of the language make it an ideal choice for handling
tasks such as high-volume data ingestion and APl communication. Golang's
ability to efficiently manage multiple requests simultaneously ensures smooth
operation even during peak data influxes. For services demanding absolute peak
performance, north.io’'s platforms strategically inject "Rust”.

Rust shines in raw speed and memory management, making it a perfect choice
for specific high-performance tasks within the broader Golang backend. Think of
Rust as a special forces unit within the Golang army, deployed for critical
missions requiring the ultimate processing power. Meanwhile, "Python” takes the
stage for north.io’s Al-powered functionalities. Python boasts a vast ecosystem
of data science libraries, providing our Al specialists with a powerful toolkit for
implementing complex machine learning algorithms that unlock deeper insights
from geospatial data. Our big data environment is powered by "Java™ which reigns
supreme Iin Big Data analysis, especially for our "Apache Spark™ based Zeus
technology. This dominance stems from its JVM compatibility with Spark and a
rich ecosystem of big data libraries. While other languages might boast raw
speed, Java offers the perfect mixture of performance, scalability, and a mature
development environment, making it ideal for Big Data workloads within the
architecture of north.io's platforms. Finally, the user interface relies on
‘JavaScript’, a language specifically designed for interactivity. JavaScript’'s ability
to manipulate front-end elements on the fly ensures a responsive and user-
friendly experience for those interacting with the visualisation and data
exploration tools within north.io’s platforms.
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Advantages Areas Where it has Proven Itself

Golang * Fast performance & concurrency handling * Backend services (data ingestion, APl communication) *
* Growing library ecosystem Network programming

Rust * Blazing-fast speed & superior memory management * * High-performance computing (Big Data analysis)
Strong focus on safety and security * Systems programming

Python * Extensive data science libraries * Readable syntax & * Machine learning & data analysis * Scripting automation
large community

Java * Mature & stable with vast libraries * Strong Big Data * Big data analytics (Apache Spark) * Enterprise
foundation (JVM & Spark) applications

JavaScript * Unbeatable for front-end development * Excellent * Web applications & user interface development
browser compatibility & growing server-side capabilities * Real-time applications (potentially)
(Node.js)

This strategic selection of languages empowers north.io to deliver powerful,
adaptable, and high-performance platforms, TrueOcean and Truekarth, for
managing even the most complex ocean and terrestrial geospatial data sets.
Unlike monolithic architectures, north.io's platforms can leverage the strengths
of each language. Golang's speed tackles demanding backend tasks, while
Python’s data science libraries unlock hidden patterns within the data. JavaScript
ensures a user-friendly experience for visualising these insights. And for those
crucial moments requiring peak performance, Rust, the programming world’s
special forces unit, swoops in to deliver exceptional processing power. This
flexibility and strategic use of languages make TrueOcean and TrueEarth
outstanding platforms, perfectly equipped to handle the ever-growing
iNntricacies of ocean and terrestrial geospatial data.

The Microservice Paradigm of north.io’s cloud platforms

Traditional monolithic architectures, where all functionalities reside within a
single codebase, struggle to handle the scalability and agility demanded by
platforms like TrueOcean and Truekarth. As geospatial data volumes grow
exponentially, monolithic systems experience performance bottlenecks, become
cumbersome to maintain and are reaching its limits very fast.

A microservice architecture offers a more granular approach to scalability. It
decomposes the platforms’ functionalities into independent, self-contained
services. Each service Is responsible for a specific task, such as data ingestion,
storage, analysis, visualisation, or access control. This modularity allows for
horizontal scaling, a technique where individual services can be scaled
iIndependently based on their specific needs. Consider the data ingestion
services in north.io. When a surge of geospatial data arrives, only the data
INngestion services experiences increased load.
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By horizontally adding more instances of these data ingestion services, north.io’s
platforms can efficiently handle the iInflux without impacting other functionalities.
This targeted scaling optimises resource utilisation and ensures cost-
effectiveness.

Monolithic Microservice
Architecture Architecture

User Micro- User Micro-
interface service interface service

. Data
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Figure 1: Monolithic vs. Microservice Architecture

These approaches are decomposing TrueOcean and Truekarth's functionalities
iINto independent, self-contained services. Each service isresponsible for a
specific task, such as data ingestion, storage, analysis, visualisation, or access
control. Until today, north.io’s platforms consist already of more than 65
iIndividual microservices conducting highly specific tasks in a large scale but still
modular environment. This modularity brings several key advantages.

Scalability

Microservices enable leveraging cloud-based infrastructure. Cloud providers
offer elastic resources that can be provisioned and deprovisioned on-demand.
This dynamic scaling capabillity perfectly complements the microservice
architecture. When a specific service experiences a spike in demand, additional
resources can be allocated automatically, ensuring seamless performance.
Conversely, during low-demand periods, resources can be scaled down,
optimising cost efficiency.
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The scalablility benefits of a microservice architecture are not limited to
horizontal scaling. Vertical scaling, where resources like CPU or memory are
iNncreased for individual services, Is also readily achievable. This allows north.io’s
platforms to fine-tune resource allocation for each service based on its specific
processing requirements. The microservice architecture empowers north.io's
platforms to achieve unmatched scalability until today, not seen in the field of
ocean data processing. By enabling horizontal and vertical scaling of individual
services, north.io’s platforms can effortlessly adapt to fluctuating data volumes
and processing demands. This ensures that TrueOcean and TrueEarth can
handle even the most demanding ocean and terrestrial geospatial datasets with
optimal performance and cost-efficiency.

Traditionally, scaling a system involved a vertical approach, often referred to as
‘scaling up.” This method focuses on upgrading the resources of a single server,
such as increasing Its CPU cores, memory capacity, or storage space. While
vertical scaling offers a seemingly simple initial setup, it encounters limitations
as north.io’s platforms tackle ever-growing volumes of complex ocean and
terrestrial geospatial data. Upgrading a single server can become an expensive
endeavor in the long run. As processing demands surge, reaching a point where
adding more power to a single machine becomes impractical or cost-prohibitive.
Additionally, vertical scaling creates a single point of failure. If the sole server
malfunctions, the entire platform goes down, potentially causing significant data
lOoss and service disruptions. This is where horizontal scaling, also known as
‘scaling out,” shines. This approach involves adding more machines or instances
to distribute the workload across them. By distributing tasks across multiple
machines, TrueOcean and Truekarth can achieve several advantages.

Increased data volumes and user traffic become manageable without
compromising responsiveness. Horizontal scaling is also more cost-effective In
the long run since lower-powered machines can be more economical than
continuously upgrading a single, powerful server. Scaling out allows for individual
service updates or maintenance on specific machines without impacting the
entire platform. Therefore, for a platform like TrueOcean and TrueEarth that
anticipate continuous growth and evolving data management needs, the
flexibility and resilience offered by horizontal scaling make it the more compelling
choice.
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Figure 2: Vertical vs. Horizontal Scaling

Maintainability

Beyond scalability, microservices transform the platforms’ maintainability from a
challenge into a strength. Each microservice has its own codebase, independent
of other services. This allows developers to focus on specific functionalities
without worrying about the intricacies of the entire platform. A change in one
service’'s codebase has minimal impact on others, reducing the risk of
regressions and simplifying debugging. Isolated codebases also enable faster
development cycles. With independent services, development teams can work in
parallel, iImplementing new features or bug fixes without affecting the
development of others. This significantly accelerates development cycles and
time-to-market for new features in north.io’'s platforms.

Fault Tolerance

Imagine a scenario where a critical bug hits a core functionality within a
monolithic platform, bringing the entire system to a halt. This downtime
translates to lost productivity and frustrated users. A microservice architecture
offers a critical advantage in such situations - fault tolerance. Since each
microservice operates independently, a fallure within one service is isolated from
the others. This means that if a bug cripples the data analysis service, for
iINstance, users can still access and visualise existing data through the
visualisation service. This minimises downtime and ensures a significant portion
of the platforms’ functionality remains operational. Furthermore, fault tolerance
mechanisms can be implemented within individual microservices.
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We apply techniques like circuit breakers which automatically detect failing
services and temporarily suspend communication with them. This prevents
cascading failures and allows the failing service to recover independently
without impacting the entire platform. Another applied approach are health
checks implemented to monitor the status of each service and trigger alerts or
automated recovery procedures in case of Issues. By design, a microservice
architecture builds in redundancy. If a single instance of a service fails, additional
iInstances can handle the workload, ensuring service continuity. This redundancy
ensures that TrueOcean and Truekarth remain highly available, even in the face
of unexpected failures.

Faster Development

In @ monolithic system, changes to even minor functionalities necessitate
modifications to the entire codebase. This tangled web of code Is a significant
pottleneck in the development process. A change in one section might have
unintended consequences elsewhere, requiring extensive testing and
debugging. This slows down development cycles and hinders the ability to keep
pace with evolving user needs and technological advancements. The
microservice structure of TrueOcean and Truekarth breaks down these barriers.
With each service having its own isolated codebase, our highly specialised
development work independently on specific functionalities. This enables
parallel development, where new features or bug fixes can be implemented In
one service without affecting the development of others. This significantly
accelerates development cycles and allows TrueOcean and TrueEarth to deliver
new features and functionalities to users much faster. Furthermore,
microservices foster a culture of ownership and expertise within development
teams. Developers can specialise in the intricacies of specific functionalities,
leading to deeper understanding and higher-quality code. This not only
streamlines development but also simplifies the onboarding process for new
team members, as they only need to focus on the codebase of their assigned
service.

Technology Agnosticism

north.io’s platforms interact with a diverse range of ocean and terrestrial data
form different domains like hydrography, geography, geotechnics and many
more. Handling and analysing massive amounts of raw data requires different
storage solutions than processed structured data collected from sensor
networks. Additionally, specialised engines might be required for specific
analysis tasks.
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