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Gilles Dowek

@ Computer scientist and logician: type
theory, proof theory, higher-order logic,
rewriting, quantum computing, proof
systems interoperability, philosophy, ethics,
education, popularization of science, ...

@ and NASA consultant?

— 21 publications
(https://shemesh.larc.nasa.gov/fm/
fm-pubs-larc.html)

.. .through the Institute for Computer Applications
in Science and Engineering (ICASE) and the National
Institute of Aerospace (NIA).
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Are formal methods the future of
air traffic control? (Is there
an autopilot on board?)

Gilles Dowek

Amphi 25

https://www.1lip6.fr/colloquium/

?7guest=Dowek&LANG=en
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Gilles Contributions to NASA

@ Advanced Air Transportation Technologies (AATT) & Next
Generation of Air Traffic Management Systems (NextGen):

— Formal verification of alerting algorithm for parallel landing
— Formal verification framework for conflict detection and resolution
algorithms

e Small Air Transportation System (SATS):
— Formal verification of operational concept

@ Spacecraft Autonomy for Vehicles and Habitats (SAVH) & Autonomy
for Operations (A40):

— Formal semantics of synchronous language for autonomous spacecraft
operations

@ Theorem proving technology

3/18



Airborne Information for Lateral Spacing (AILS)

@ Alerting algorithm for parallel landing to reduce runway separation for
independent parallel approaches.

@ Developers conjectured that the minimum time when an alarm will be
first issued prior to a collision was 19 s.

e We originally proved that 4 s < minimum time < 11 s.*

*V. Carrefio and C. Mufioz, Formal Analysis of Parallel Landing Scenarios, DASC

2000.
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Gilles" Approach

@ Model aircraft trajectories as continuous differentiable functions.

@ Develop a framework for aircraft separation assurance: what is an
alerting algorithm? what is the meaning of an alerting algorithm
being correct? what are sufficient conditions for proving correctness?
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AILS Minimum Alerting Time is 9.5 sf

Theorem 4 (ails_correctness).

Vi,e. 9.5 <T <10 A conflict,(T)
)
ails_alert(measure2state(i, (), measure2state(e,0)).

tC. Mufioz, G. Dowek, and V. Carrefio, Formal Verification of Conflict Detection

Algorithms, STTT, 2003.
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Counter-example for t=10.5 s

" Projected intruder

Intruder

X
y Evader
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You Cannot Go Faster Than Your Speed

Theorem 1 (YCNGFTYS).

0<t D Vi(a(t) = 2(0)) + (y(t) — y(0))? < vt.

The above theorem has been formally proven in PVS. The proof, however, is much more
complex than the intuition behind it, which is illustrated in Figure 1.

Figure 1: You Cannot Go Faster Than Your Speed
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You Cannot Go Slower Than Your Speed

Theorem 2 (YCNGSTYS).

0< p(v)t <2 O m(v,MaxBank, ) < v/(a(t) — 2(0))2 + (y(t) — y(0))2.

According to theorems YCNGFTYS (Theorem 1) and YCNGSTYS (Theorem 2), for an aircraft
moving at constant ground speed v, the inner circle of radius m (v, MaxBank, t) and the outer
circle of radius vt, both centered at the current position of the aircraft, delimit the area that
could be reached by the aircraft at time ¢. See Figure 3.

Figure 3: Reachable Arca of an Aircraft at Time ¢
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A Conjecture

YCNGSTYS holds for 0 < p(v)t < 2.
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Beyond AILS

@ AILS was acquired by Honeywell Aerospace, integrated into a

commercial product called Smart X, which became the SURF-A
Cockpit Alerting Software.

e FM @ NASA LaRC:

e Verification framework of separation assurance algorithms
o Automated strategies for rigorous numerical computations
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Aircraft Separation Assurance

We were asked to analyze well-known state-based aircraft conflict
detection and resolution (CD&R) algorithms.

KB3D: Formally verified pair-wise CD&R algorithm.

ACCoRD (Airborne Coordinated Conflict Resolution and Detection):
Verification framework for separation assurance algorithms.

Formal verification of implicit coordination.

Formal verification of conflict prevention algorithm.

Formal verification of strategic CD&R algorithm.

= Detect and Avoid for Unmanned Aircraft Systems (UAS)
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Gilles’ Legacy Live In ...

Products that fly on today's aircraft systems

@ Minimal Operational Standard for Detect and Avoid of Unmanned
Aircraft Systems (RTCA DO-365)

Programming language for current and future space missions

Publicly available formal libraries, lemmas, proofs, and proof strategies
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