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Problem
Financial markets have become notoriously unstable.

Lack of Transparency: issues of misrepresentation (e.g. 
misleading marketing materials or regulatory filings) of 
trading algorithm behaviour (e.g., BATS/Direct Edge $14M 
settlement with the SEC)

Glitches: trading system errors in design or implementation, 
often causing significant losses (e.g., Knight Capital’s loss of 
$400M)









Automated Reasoning+

What is Imandra?

• Programming language 

• Mathematical logic  

• Reasoning engine 



• First-class counterexamples 
• Automated induction (epsilon_0) 
• Nonlinear region decomposition 
• Proof automation tailored to various 

algorithm regulations 
• Test suite generation & analysis 
• Model-based auditing framework 
• First-class state-space decompositions 
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• Mathematical logic  

• Reasoning engine 



You will find examples in finance, self-driving cars, robotics,
hardware design, reinforcement learning and much more! 

https://try.imandra.ai

Try Imandra in the Cloud!

https://try.imandra.ai


Extensive (interactive!) 
Online Documentation

https://docs.imandra.ai



Big Ideas

Automated Reasoning+

• efficiently executable logic based on OCaml 
• definitional principle based on ordinals (epsilon_0) 
• first-class (reflected) computable counterexamples 
• lifting of SMT to handle (higher-order, polymorphic) 

recursion and induction with Boyer-Moore-style waterfall 
(simplification, elimination, generalization, etc.) 

• seamless integration of bounded and unbounded 
verification 

• first-class notion of state-space decomposition 
• cloud-native APIs, striving for tooling perfection :-) 
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LIT LIQUIDITY

DARK LIQUIDITY

What is a venue?
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- Is your venue fair?
- Can you prove it?
- If it’s not fair, how can you fix it?
- Can your collection of order-types ever 

violate regulatory directives?
- Does your high-performance 

implementation conform to your high-
level design specification?

- Does your documentation of your order-
types truly match your 
implementation?

- How can you automate both testing and 
compliance?

- What is the strongest possible evidence 
you can give to regulators?

Difficult questions:

Is your venue fair?





UBS fined $14M by the SEC for issues 
of unfairness in their dark pool design

First place winner!

620 companies 
52 countries 

We analyzed it, found more issues

Case Study: UBS ATS
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• Modelling - An executable formal model of the 
trading algorithm. This is tied directly to the 
specifications given in regulatory filings. 

• Verification - a set of (eventually proven) 
Verification Goals pertaining to precise behaviour 
of the model derived from regulations (e.g., 
MiFID-II and Reg ATS-N). Counterexamples are 
crucial in iterations of system design! 

• Testing - high coverage testing of the system for 
conformance with verified design. Test suites 
automatically derived from state-space 
decompositions of the verified model. 

• Audit - systematic audit of trading behavior 
allowing firms and regulators to quickly detect 
and investigate behavioural deviations 
between the verified design and production 
system. 

End-to-End Algorithm Governance



Interactive visual interfaces are key for investigating discrepancies between  
verified designs and their production implementations.

Auditing Algorithms





• Pressing need for:  

• financial infrastructure to be bullet-proof w.r.t. safety and 
fairness regulations 

• venue matching logics and connectivity protocols to be 
formally described to regulators and market participants 

• these artifacts to be formally analyzed w.r.t. precise 
encodings of regulatory directives 

• Automated reasoning and formally verified digital twins are 
transforming this field — the very foundation of our national 
financial markets — by digitizing designs and requirements, 
and formally verifying trading system behaviors at scale. 

Conclusion


