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Emission Cleaning by Others
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Software (Clae aggmremess sa |

A software I s doped I1I.f and o]

Ourc |l eanness Smiart inputs lead:to similar outputs .



Robust Cleanness (e
P :In¥Y — Out®

distance function for inputs, (In* x In*) — Rxg -
( (di stance f unctOud rOut"p+ R@ Ut putcge,t e mbntes

Contract € = (StdIn, dn, dout, ki, ko) i = NEDC i< Stdin

standar elj I nput Ctnr es.hol.d for OUti’%éuNtEDeJi Su”%!@tdr]nce
Stdin C In®¥ e . $tdin = {NEDC} threshold for input distance




Robust Cleanness [eeaveyta

P :In — Out
distance function for inputs, (In x In) — Rxg - deterministic
( (di stance f unct(QuoxOutfj ©eRsgout put s,

C ot rC=|(StdIn,d), dout, Ki, Ko ) i c StdIn

standarel)input Cthreshold for output di stpgnce
Stdin C In threshold for input distance
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Robust Cleanness reave G
P :|n — 20ut
L nondeterministic

-r obust c | 4 auAarnoebsuss t cl aamHaesdgdmhaddd r obust cl
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Robust Cleanness in Temporal Logic

robust cleanness in HyperLTL:

A

V. Ve, 3!, Stding, — (G(im = izr) A((dout(0n: ,0ms) < Ko) W (din(int ,imy) > /ﬁ:;)))

robust cleanness in HyperSTL:

V71, V. 3m}. Stdlng, > 0 — (G(|i7rl — i | <0) A ((dout(oﬂrl,om) — Ko < 0) W (din(ins ) ixy) — Ki > O)))

robust cleanness for finite standard behaviour in STL.:

AV (G(lia —ip] <0) A ((dout(0s,0) — Ko < 0) W (din (i, 1) — ki > 0)))

with self-composition by "copying" standard signals into the trace to be checked:

W= (I;0) == W =10 l{00;ss o5leyOs)

20
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Testi ng, ¢l assicall

input

Generate Execute

Test Input System

output

1. Invent a test cycle 22 Fix the car on a chassis dyngamgmpl;,@rth@ttggh épcle
emi ssions measurement device, calibrate 11,

approx. 1 day per test cycle ap prlohxr. between 30 mins and 1 day for one test cycle
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Probablilistic Falsification

ETe mpor al L 099 Sigkal Temporal Logic (STL) : ETemporaI Logic e.g., Signal Terﬁipor a l
p=T|f>0]-¢|[oVo|oUP =T |f>0|-9|oVo|oUg
. Semant i g§em trace ESemantics: system trace :
,/ o~ STL formul a : . / /robustness esti ma
w, — . * wj):’]" :

- 1 € In

/ \ .. p(p,w,t) < 0= w,t = ¢

local minimum gl obal mi Nl mum

r . . ) / / \
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Robust Cleanness In Temporal Logic ................ .
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Robust Cleanness / --------
n HyperSTL reasoning about two traces simultaneously

Algorithm 2.1 Monte-Carlo falsification

finite standard Input: w: Initial trace, ’R: LRobustness
pehaviow! function, PS: Proposal Scheme
Output: w e M
. while R(w) > 0 do
. w' <+ PS(w)

Robust Cl eanness
Il N STL

a  exp(=f(R(w') = R(w)))
r <— UniformRandomReal(0, 1)

1
2
3

o _ 4:

ﬁa\s\f\ca“on 5. 1f r < a then
6 w — w'
7
3

end if
. end while

Aut omated Test
Cycl e Generation




L olaDrives

Welcome to LolaDrives
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E Can replace the external NOx emissions measurement device
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An I ntegrated Test|

Drive Car on the Road

Drive Car in the Lab

Input causing highest

Refine Car Emissions
Prediction

emissions
accumulated output input sequence

total amount of emitted NOXx speed cycle

Probabilistic Falsification
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Example T Software Doping

New European Driving Cycle (NEDC):
120 °



Example T Individual Fairness
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