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A

Assumption: Input < 20
Guarantee: Assumption: none

Output < 2 x Input Guarantee:
B Output = Input; + Input,

Assumption: Input < 20

Guarantee: Assumption: Input < 10
Output < Input + 15 Guarantee: Output < 50

LOMPOSITION

Flow up: Environmenta constraints and
madified system requirements fram C2

requirements far C2

Deterrmine subcampanents

Allocate requirements ta subcarrponents
Verify that subcarmponent requirements
establish system requirements
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EMERGENT PROPERTIES
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I 1.28%e+4

LOCKHEED MARTIN ¢ 5




© Desired properties O System’s violations of constraints
£ Unspecified but harmless
@ “Shall not’s

@® System’s properties

] System’s deficiencies
(> False positives

v False negatives
© Model’s properties
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PROBABILISTIC INTERPRETATION

PSwER)=P(SwER| Su=r Sw)P(Sm=r Sw)
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EMPIRICAL APPROACH

testing Feedback for

Developers

Assurance
Evidence

Autonomy SW on target
HW in SW sim of env. +
sens./act.

Autonomy SW (or model) running
in SW sim environment

# of Experiments
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SIMULATION AS AN EXPLORATION TOOL

#cC - Webots R201 - X
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File Edit View Simulation
aty

Challenges: scalability, automation for simulation-emulation-stimulation, data management
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REASONING ABOUT VARIABILITY
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CONFIDENCE QUANTIFICATION

Driving to Safety — How Many Miles of Driving Waymo has driven ~10 million
Would It Take To Demonstrate Autonomous miles on the road and ~10 billion
Vehicle Reliability? miles in simulation

N. Kalra, S. M. Paddock (RAND Corporation)

Alphabet’s Waymo valuation cut

= Hundreds of n.1|I.I|ons of mlles and sometimes 40% by Morgan Stanley to $105
hundreds of billions of miles to demonstrate billion amid challenges in self-

their reliability in terms of fatalities and driving car market

InJu rIeS- PUBLISHED FRI, SEP 27 2019.2:45 PM EDT
UPDATED FRI, SEP 27 2019.3:42 PM EDT

= |t would take tens and sometimes hundreds of
years to drive these miles.
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Concept of
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Fig. 2. Comparison of the optimal split and a purely physical testing setting.

Efficient Splitting of Test and Simulation
Cases for the Verification of Highly
Automated Driving Functions

Eckard Bode!®) . Matthias Bitker!®) | Ulrich Eberle?, Martin Frinzle!,
Sebastian Gerwinn!, and Birte Kramer(®=)

1 OFFIS - Institut fiir Informatik, Escherweg 2, 26121 Oldenburg, Germany
t {boede ,bueker,fraenzle,gerwinn, kramer}@offis .de
2 Opel Automobile GmbH, Bahnhofsplatz. 65423 Riisselsheim am Main, Germany
ulrich.eberle@opel.com
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ROAD TO TAS

= A flexible path towards justified trustworthiness where
one chooses the most effective assurance activities
considering the increase in confidence and cost

=  Exploitation of elastic computing resources
= Formal analysis informing empirical exploration

= Formalisms to capture mission variability

" |ncorporation of adversarial behavior

= QOperational assurance




HUESTIONS?

Email: mauricio.castillo-effen@Imco.com




