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Motivation
AKX

» Top goals demand activities to realize expectations regarding
» the testing method &
» how the test method should be used to test an “autonomous driving system” (ADS)

» We developed a systematic way to derive “Top Goals”
» Fundamental idea:
» Derive abstractions from expectations & decompose abstraction
» Extract top goals out of decompositions

» Benefits:
» Completeness due to systematic decomposition
» Efficiency due to the consideration of redundancies, contradictions & concretizations
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Starting Point — Inputs for Top Goals ﬂﬁ'ﬂ:ﬁi&‘lﬁ’"

METHODS

» Where do we get Top Goals from? - Unfortunately, Top Goals cannot simply be transcribed

because top goals refer to requirements which are currently not regulated/defined

» But we can elicitate expectations from stakeholders that have stakes which we must realize

_ Ethics
Legislator :
oo Stakeholder
. . Behavior is Social expectation ADS avoids
Approval Compliance with : : : .
. ethically regarding function accidences at least
Competencies norms : :
appropriate & behavior as good as a human

Social Risk
Acceptance

Compliance with
traffic regulations

Positive risk - Stakes
balance

Credibility &
Efficiency

Note that stakes are not necessarily complete since we provide an exemplary method
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The Procedure Xx WRETATN,

See “Capability-based architecture for
automated vehicles in urban environment”
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The Challenges X VALIDATION

Il.) Challenge: derive capabilities out of clustered top stakes

Organizational Capabilities

Organizational Capabilities

anticipate the behavior

Organizational Capabilities

provide positive/negative

Organizational Capabilities

test specific behaviors of
an individual ADS

of a sum of vehicles &
compare with target rates

provide evidence to

indications for passing
approval criteria

comply with norms

| ll1.) Challenge: decompose capabilities until top stakes can be linked

Assurance :
Case

. . > o 5 = ior i Social expectation : :
Compliance with £ Credibility & F Approval i Bg[]ha;zg[;s % regardingpfunction Social Risk
norms E Efficiency & Competencies = appropriate & behavior Acceptance

ADS avoids
accidences at least
as good as a human

Positive risk
balance

Compliance with
traffic regulations

OEM, Tier
Authority
OEM, Tier

Each Vehicle

|.) Challenge: cluster top stakes w.r.t. time phases
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Decomposition of Capabilities 1/4 XX¥Z’SE§§?§L""

METHODS

Stakes

DO Ef thority Soci OEM, Tier Authority OEM, Tier

1. Analzing top stakes w.r.t. ?-?; m §§ :§
o similarities Type of 5§58 ::E:g %EE ggg E e =
. decomposition = e 58
a. redundant decompositions S < -
b. concretizations of decompositions Concretization X x | x
. . _ Concretization X X
’ no Slmllarltles Concretization X X
c. contradictions among decompositions Concretization X X

d. unrelated decompositions
2. Linguistic break down of capabilities &
use external sources
3. Determine interrelated decompositions
4. Use disbelief regarding capabilities to s 1 TR
add missing decompositions e || MO

ADS avoids K

Unrelated X X

3 layers of
concretization

o
fu]
=
o

norms

Approval
Competencies
Social Risk
Acceptance

v “arding func¥ . &
~ha
balance

Compliance with
Social expectation
Positive risk

R
ADS .oiu.
acc’ _qces at leas.

Compliance with
traffic regulations
Behavior is
ethically
appropriate

-~ _good as a human -

ADS avoids
accidences at least 7
as good as a human =

Whlle _ Top Stakes Cannot be |Inked ::;:::Z?:n:;:étafﬁcregulatlnns 5
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VALIDATION
METHODS

Decomposition of Capabilities 2/4 ﬂ

Organizational Capabilities

test specific behaviors

DO of an individual ADS

1. Analyzing top stakes w.r.t.

3 layers of ----
concretization | ____

[
a
o

______ What to test? How to test?

(=]
ful
]
O

Approval
Competencies
Compliance with
norms
Social expectation p
v arding func¥ . %
~ha»”
.aces at leas.  §
Social Risk
Acceptance

ethically
[-8
ADS .oiu.
acc’’
Positive risk
balance

appropriate
-~ good as a human -

Compliance with

traffic regulations

Behavior is

ADS avoids
accidences at least %
as good as a human =

4 |

2. Linguistic break down of capabilities &
use external sources

3. Determine interrelated decompositions

4. Use disbelief regarding capabilities to
add missing decompositions

While - Top Stakes cannot be linked
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VALIDATION
METHODS

Decomposition of Capabilities 3/4 — Compliance with Norms ﬂ

Organizational Capabilities

test specific behaviors
of an individual ADS

Do
1. Analzing top stakes w.r.t.

3 layers of ----
concretization | ____

What to test? How to test?
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acc’’

2. Linguistic break down of capabilities &
use external sources
3. Determine interrelated decompositions

The specification of a scenario requires us to comply with norms &
to specify a scenario so that traffic requlations can be expressed.

While - Top Stakes cannot be linked

Y See , Ontologies for the
Formalization, Recognition, and
Analysis of Criticality”
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Decomposition of Capabilities 3/4 — Social Risk Acceptance ﬂﬁ'ﬂ:ﬁi&‘lﬁ’"

METHODS

Organizational Capabilities
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2. Linguistic break down of capabilities &
use external sources
3. Determine interrelated decompositions

The stake “ADS avoids accidents ... as good as human”is a
concretization of two capabilities with different capabilities. Therefore,
behavior-wise test require focusing on target rates because, otherwise, | ¢,
test results of this stake cannot contribute to the capability “anticipate the | N

behavior of a sum of vehicles & compare with target rates”.

& See, Criticality Analysis
for the Verification &
Validation

See ,How to specify behavior of automated vehicles
in accordance with traffic rules and regulations?
A contribution”
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Decomposition of Capabilities 4/4 XX&'SEE‘I‘ZL""

METHODS

Disbelief is used to put
compliance with stakes

DO In questlon 2nd TOp goals
3" Top goals
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a. redundant decompositions
b. concretizations of decompositions
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v
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How to systematically organize the
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— See Stream ||
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v

regulations? A contribution”

add mISSIng decomposrtlons -. ,. -. : .-.-. '-' M _ Poster ,Learning driven product lifecycle”
While - Top Stakes cannot be linked

v
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CO n C I u S i O n VERIFICATION
AKX

» Top goals demand activities to realize expectations of stakeholders regarding
» the testing method &
» how the test method should be used to test an ADS

» We developed a systematic way to derive “Top Goals” out of stakes
» Fundamental idea:
» Derive abstractions in form of capabilities out of clustered stakes
» Decomposition steps to provide concretizations until stakes are reached
» Extract top goals out of decompositions

» Peculiarities:
» Completeness due to iterative systematic method (disbelief)
» Efficiency due to early consideration (frontloading) of redundancies, contradictions & concretizations
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Thank you!

Tino Brade, Robert Bosch GmbH

Supported by:
- Federal Minist
B PROJECT orune pRiRlectidoyslorsiBvishe B | 5 Eonomic s
P E G AS U S VDA Leitinitiative o
FAMILY HE— autonomous and connected driving

on the basis of a decision
by the German Bundestag




