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Who am I?

Professor of Software Engineering (SE) in Sweden. 
Research is focused on Software Quality/Testing, 
Human factors in SE, and Applying AI.

Programmer since 38 years & consultant since 26. 
Sold my first program at age 13.

While doing research in academia I have worked with 
Tech and Software companies to apply AI to improve 
Software Engineering.



Main message

AI can be applied in many different ways in Software 
Engineering (SE)

AI-for-Testing != Testing-of-AI

Simple model of AI-in-SE help in analysis/strategy

There is a lot of cool, new Testing & SE Research! :)



AI-SEAL Taxonomy: AI-in-SE Application Levels

- Point of AI application? 
- Determines how big an impact the AI and amount of 

control developers have on SW behaviour. 
- Type of AI technology? 

- 5 main tribes + supporting technologies 
- AI Automation Level? 

- From 1 (manual) to 10 (autonomous AI) 
- Other and more detailed dimensions, for example: 

- Shape of artefact/software? 
- Traditional (Source code or Binary) or AI-specific (ANN)



When?

Effect on src code?

Pre deploy

Indirect Direct

During execution

Process Product Runtime

Point of Application?



Type of AI technology?

“How to make computers do things 
which, at the moment, people do better”

— Elaine Rich & Kevin Knight

Moving target definition of AI:

So what is AI then?



Type of AI technology?

Supporting technologies:
Advanced Statistics + Search/Optimisation

[Domingos2015 “The Master Algorithm”]



AI Automation level?

Sheridan1980 from [Frohm2008]



AI-in-SE applications have different levels of risk

- A ladder of increasing risk: 
- Product more risky than Process 
- Runtime more risky than Product 

- Higher levels of automation have higher levels 
of risk 
- Less time to “reverse” decisions 

- Thus: 
- If an AI technology is new to your company, 

start at low level of automation & at a “lower” 
point of application. 

- Build more experience then expand “out and 
up”

Process

Product

Runtime



AI-in-SE applications have different levels of risk/gain
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Start here!



AI-in-SE applications have different levels of risk/gain
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Model Model++



Testing only what is likely to fail
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Testing only what is likely to fail



Better than “80/20”!

Testing only what is likely to fail



System A



System B



Lessons learned: AI in SE&Test Analytics/Optimization

- Quality of data more important than advanced AI/ML 
- How much data do you have? 
- Do the data represent all important aspects? 

- Simple statistical models often almost as good as 
advanced AI/ML 
- Data often unreliable => simple models give (at least) 80% of 

value for 20% of complexity 
- Statistical models easier to understand => robust 

- Online algorithms almost always worth it => scalability 
- Visualising results important for impact, Human + AI > AI 
- An AI system is not enough, people need training + 

understanding to change their behaviour



AI-in-SE applications have different levels of risk/gain
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Cozy: Generalised Data Structure Synthesis
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Cozy: Generalised Data Structure Synthesis

Try it yourself!



AI-in-SE applications have different levels of risk/gain
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Product/NeuralNet/10 AI-in-SE: Learned DB Indices

[https://arxiv.org/pdf/1712.01208.pdf]
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AI-in-SE applications have different levels of risk/gain
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Product+Process/NeuralNet/10 AI-in-SE: DeepTest

[https://arxiv.org/pdf/1708.08559.pdf]



Product+Process/NeuralNet/10 AI-in-SE: DeepTest



Product+Process/NeuralNet/10 AI-in-SE: DeepTest

[https://arxiv.org/pdf/1708.08559.pdf]

Neuron Coverage instead of Code Coverage

Neuron Coverage can guide systematic test 
generation (applying image transformations)

Combining image transformations increases coverage

Over 1000 errors detected in 3 tested models

NNs improved 46% after retraining on 
generated test images



Kwiatkowska: Minimal Adverserial Examples

[https://arxiv.org/pdf/1710.07859.pdf]

ICST Keynote on Verification of Deep NNs: 
[https://www.youtube.com/watch?v=OTXEzJnzUV0]



Bonus ICSE paper: Voice-AI as Conversational Assistant
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Bonus ICSE: Devy the Voice-AI Developer Assistant

[Bradley et al, ICSE 2018]
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Bonus ICSE Not Testing: Great SE Manager?

[Kalliamvakou et al, ICSE 2018]



Vidare tips/länkar

ICST Keynotes:
1. Facebook’s statiska kodanalys och testverktyg
2. DICE/EA om Testing i spelindustrin
3. Kwiatkowska om att hitta AI buggar automatiskt

www.es.mdh.se/icst2018/live/

http://www.robertfeldt.net

robert.feldt@chalmers.se Twitter: @drfeldt
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