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• Systems Thinking: System Views, 
Agility System, and System 
Dynamics.

• Process Model: Top-Down Analysis, 
Variant Creation and Problem-Solving 
Cycle.
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Real-world Deployments

Source: https://www.divante.com/blog/10-companies-that-implemented-the-microservice-architecture-and-paved-the-way-for-others 
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Systems’ design decisions change from system to system…

But we can identify common requirements between 
software systems.

Based on these commonalities we can define design 
patterns and systems architectures.
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AI Systems Design

The Data Dichotomy: 

“While data-driven systems are about exposing data, service-
oriented architectures are about hiding data.” [1]

We need to design systems prioritising data!

[1] Stopford B., The Data Dichotomy: Rethinking the Way We Treat Data and Services. https://www.confluent.io/en-gb/blog/data-dichotomy-rethinking-the-way-we-treat-data-and-
services
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• Data-first systems

• Prioritise decentralisation

• Openness
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Data-First

Data availability
Data traceability and monitoring
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Prioritise decentralisation

Super-low latency requirements



Data-Oriented Architectures

Openness

Data ownership
Sustainability
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Data-Oriented Architectures
Few projects fully follow DOA principles.

Most of the solutions are centralised and 
cloud-based.

Databases, streams and message queues 
enable the data first principle.

Distributed storage and computing 
technologies for decentralisation.

Asynchronous communication for 
openness.



Data-Oriented Architectures
Water level monitoring project at 
DeKUT [1]

Source: https://en.wikipedia.org/wiki/Ewaso_Ng%27iro 

Ewaso Nyiro River - Kenya
[1] Kabi, Jason, and Ciira Maina. "Leveraging IoT and machine learning for improved monitoring of water resources-a case study of the upper ewaso nyiro river." 2021 IST-Africa 
Conference (IST-Africa). IEEE, 2021.

https://en.wikipedia.org/wiki/Ewaso_Ng%27iro
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Cloud 
resources are 
expensive!
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Water level monitoring 
project at DeKUT [1]
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mDot - (sensor node) Google Cloud Platform 

GW MQTT Broker

Web server
push
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First

Openness

Decentralisation

Preprocess data at the 
gateway level…

Move components from the 
cloud to the edge…

[1] Kabi, Jason, and Ciira Maina. "Leveraging IoT and machine learning for improved monitoring of water resources-a case study of the upper ewaso nyiro river." 2021 IST-Africa 
Conference (IST-Africa). IEEE, 2021.
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Facilitates data collection 
processes.

Asynchronous communication 
fits better when manipulating 
large data sets.

The Data Medium is a shared 
model that facilitates 
monitoring tasks.

The historical state of the 
systems is available by design.
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DOA vs SOA

Paleyes, Andrei, Christian Cabrera, and Neil D. Lawrence. "An empirical evaluation of flow based programming in the machine learning deployment context." Proceedings of the 1st International Conference on AI 
Engineering: Software Engineering for AI. 2022.
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DOA vs SOA – Cognitive Complexity

Paleyes, Andrei, Christian Cabrera, and Neil D. Lawrence. "An empirical evaluation of flow based programming in the machine learning deployment context." Proceedings of the 1st International Conference on AI 
Engineering: Software Engineering for AI. 2022.

From Baseline to Data Collection From Data Collection to ML



Data-First Principle

DOA vs SOA – Maintainability Index

Paleyes, Andrei, Christian Cabrera, and Neil D. Lawrence. "An empirical evaluation of flow based programming in the machine learning deployment context." Proceedings of the 1st International Conference on AI 
Engineering: Software Engineering for AI. 2022.

From Baseline to Data Collection From Data Collection to ML
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DOA and Causality Analysis

Paleyes, Andrei, et al. "Dataflow graphs as complete causal graphs." 2023 IEEE/ACM 2nd International Conference on AI Engineering–Software Engineering for AI (CAIN). IEEE, 2023.
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DOA and Causality Analysis – Fault localisation

Paleyes, Andrei, et al. "Dataflow graphs as complete causal graphs." 2023 IEEE/ACM 2nd International Conference on AI Engineering–Software Engineering for AI (CAIN). IEEE, 2023.



Data-First Principle

DOA and Causality Analysis – Identifying data shifts

Paleyes, Andrei, et al. "Dataflow graphs as complete causal graphs." 2023 IEEE/ACM 2nd International Conference on AI Engineering–Software Engineering for AI (CAIN). IEEE, 2023.

50% up on the 
originally claimed 
amount.
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Summary

• Systems design decisions change between systems, but these usually share 
requirements.

• Similar requirements can be addressed following similar solutions.

• Data-driven systems demand to design systems that prioritise data.

• Data-Oriented Architectures is a useful paradigm to design data-driven 
systems. 

• The Data-First principle is particularly relevant for our data science pipelines.



Many thanks!
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