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Overview
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What causes [Jo on the trace {y, o0} ?

Temporal Causality in Reactive Systems [Coenen et al., ATVA 22]

: : !
: 6 ;_,|1_|‘_ﬂ
> &> <y < o L
: : i 3
d Lo J—
. ? i |

Temporal causes are Cause synthesis algorithm for
downward-closed sets omega-regular effects
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. Temporal Causality \ é
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Causes are temporal 19 2 Ay |{@ T @
properties of the
input sequence. What causes @ on the trace {y,@8}" ?

SAT: Cause and effect hold on the given trace.

CF: All closest traces that do not satisfy the cause, also do not satisty the effect.

AU Jaeee B yHy,. ..

MIN: No strict subset of the cause satisfies SAT and CF.

L(y ANO-x) C L(O-x) - L(—yR )
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- Similarity Relations
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The closeness of traces is modeled by a similarity relation.

Eg. o <505 o iff O N\ (i 4 in) = (ip 4 in)
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Must be included

Causes are Downward Closed Sets  cc..ccofcr

o> Must be excluded
because of MIN.
6 I 6 o 5 -

Cause)= {p € [Effect]| Vo € T. o SWP%UE}

= the largest subset of the effect that is downward closed in (T, Sﬂ)
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Sy Must be included

Causes are Downward Closed Sets  cc..ccofcr
Must be excluded

/-”_’-— because of MIN.
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Can be rewritten to:
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_ Cause Complements are Upward Closures
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Cause ={peT|doeT.0 <, pAo € Effect}

Cause)=

{peT|VoeT.oc<,p— o c|Effect}
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Automata-based Cause Synthesis

Trace T

Effect ©
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Similarity Relation o <= p System T°
,
E n |
: 7
- |« I
N |
1!
- Causal NBA

> p iff Vo.o <, p— (o)
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- Experiments: Arbiters
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< subset subset
Arbiters grant Instance 7 PE B(< ) ¢ | L
mutually & qo 0.11 2 Oro
exclusive access FULL 2 4 0 go 0.11 4 O T
to a resou rce ........................................................................ O ............................. 011 .............................. 2 ....................... O ...............
(e.g., grant gp). FULL 3 11 9o : To
O0< g0 0.16 24 O
<>go 0.11 2 <> To
FoLd 46 5 3329 214 OO
Round-robin SPURIOUS 2 2 Ogo o true
strategy SPURIOUS 3 3 < 9o 0.11 1 true
SPURIOUS 4 4 < g0 0.11 1 true
UNFAIR 2 2 090 0.11 1 O7 prio
/y UNFAIR 3 4 0—9g0 0.11 1 O7 prio
UNFAIR 4 6 090 0.11 1 L7 prio

Prioritizes prio

(67.\Y)

Artifact
Evaluation
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Reusable

We always consider
the input sequence
where all clients
send requests
continuously, e.g.:

({7“0, 7“1,90}{7°0, 7“1,91})w
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., . Experiments: Neural Synthesis! e
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"Neural circuit synthesis from specification patterns. Schmitt, Hahn, Rabe, and Finkbeiner. NeurlPS 2021.
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-, . Experiments: Cause Sketching'
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(Randomized) System Size

1Checking and Sketching Causes on Temporal Sequences. Beutner, Finkbeiner, Frenkel, and Siber. ATVA 2023.
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. Experiments: Cause Checking o

S
%W Evaluation
* X N

Reusable

Instance CATS CORP

SPURIOUS ARBITER 0.72 0.11
SIMPLE ARBITER 0.97 0.11
ARBITER 22.84 0.11
INSTANCE 6, ODD 1.81 0.11
INSTANCE 8 0.92 0.11
TP RIGHT 0.87 0.11

TT P NBA

E P NBA

" P NBA
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" Conclusion

5 5
>é> <é<
5 5

Minimal counterfactual causes
are downward-closed sets

E Are there always
closest traces?
I What about
M1 nondeterminism?
See our arXiv version!
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Causes can be synthesized under
omega-regular assumptions

CAV Want to know what
IEEE  cqused the violation on
Evaluation
your counterexample?
Check out our artifact!
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