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Temporal Properties as Causes

Trace: ({41,149 }{t1,%2,01})"

Does <11 cause []17027?
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Causes as Explanations for Model Checking
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System model
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Model
checker

QL \Q Counterexample {a,b}{a}({a,b})”

Specification

The causes for 7% can explain the counterexample.

One solution: Highlighting

OOb 7
{a,03{a;(1a,b})" Ob?
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Causes as Explanations for Model Checking

I\

System model

=0 9

Model
checker

QL \Q Counterexample {a,b}{a}({a,b})”

Specification

The causes for 7% can explain the counterexample.

One solution: Highlighting Our Solution: Property causes

OOb
{a,b}{a}({a,b})* &b

bAOOD
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Define causality for Algorithm for
trace properties checking causality
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s Actual Causality'2 o

For finite sets of events (a, n) c AP x N (proposition and time-point).

SAT: Cause and Effect have happened.

CF: If the cause had not happened (but everything else stayed the same),

the effect would not have happened either.

MIN: There is no subset that satisfies the above.

1Causes and Explanations: A Structural-Model Approach. Halpern and Pearl (2005).
2A Modification of the Halpern-Pearl Definition of Causality. Halpern (2015).



C' is a Cause for L iff... 0

SAT: 7 satisfies (' and F .

CF: If the cause had not happened (but everything else stayed the same),

the effect would not have happened either.

MIN: There is no smaller cause candidate that satisfies the above.




S Distance Metrics 0
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An adaption of similarity relationss4.

— ({il, iQ}{ily 12, 01})w

A distance metric << orders traces w.r.t. their similarity to 77 .

m <C my iff zip(mw,m,mo) E
ON ((in 8 iny) = (in # iny)) AO N (imy # ims)
icl icl
—> Causality is a hyperproperty.

3A Theory of Counterfactuals. Stalnaker (1968).
4Counterfactuals. Lewis (1973).



s Counterfactual Input Sequences 0

— ({il, iz}{ily 12, 01})w

The counterfactual input sequences are the closest sequences that negate ('

Ci =11 VOi, B o-¢, = {ia}{i2}{i1,12}"
and not, e.g.: {i2}{i2}{i2}”

Co =11 ANOiy W olg, = {ia}{ir,io}{i1,i2}*

02 ¢, = {i1,i2 Hia}{i1, i2}*



o Limit Assumption o

— ({il, iQ}{ily 22, 01})w

The naive distance metric could be vacuously satisfied:

03 — <>21 * 0-103 p— {Zé}w A/7iscloserthan
2 . . .
O__'C3 — {Zl’ 22}{22}&} is closer than

oo, = {i1,ia}" {ia}*

We propose an extension that satisfies the limit assumption.

(See our recent work® on how to accommodate more general metrics).

10

sCounterfactuals Modulo Temporal Logics. Finkbeiner and Siber (2023).
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Contingencies on Traces

Counterfactuals alone are often imprecise.

Consider: E = O(o1 V 02) and 7 = {iy,i2}{o1 }{}“.

Ty = {5@7 i2}{02}1{}"

—> (' =1, alone does not negate the effect.

1



VI

Contingencies on Traces

Counterfactuals alone are often imprecise.

Consider: E = O(o1 V 02) and 7 = {iy,i2}{o1 }{}“.

T(iyvia) = Ui R HH

—> (C =11 Vi works but is too imprecise.

12
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Contingencies on Traces

Counterfactuals alone are often imprecise.

Consider: E = O(o1 V 02) and 7 = {iy,i2}{o1 }{}“.

cont. %gency

—iq :%,22}{5@}{}“) resets value.

— ( = i; With the contingency O —o2 works.

7

O
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C' is a Cause for L iff... o

SAT: 7 satisfies (' and F .

CF: For every counterfactual input sequence o , there exists a contingency

trace 7 such that o =inputs 7’ and 7’ does not satisfy F .

14
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Minimality o
SAT and CF define a lot of potential causes.
T (iivis) = {0, R HHY = C =141 vio works but is too imprecise.

roomt = §a, i e H1}Y = C = i; with the contingency O —o2 works.

—171

Solution: prefer semantically minimal properties as causes, i.e., check:

il — (21 \Vi 22)

15
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C' is a Cause for L iff... o

SAT: 7 satisfies (' and F .

CF: For every counterfactual input sequence o , there exists a contingency

trace 7 such that o =inputs 7’ and 7’ does not satisfy F .

MIN: There does not exist a C'such that C — (" and (' satisfies SAT
and CF.

16



“\\: Temporal Properties as Causes 0

T = ({il, ig}{ila i27 01})w

Does <> %1 cause []—02 on in T ?

SAT: &

CF: @ 7' = ({i2}{i2,02})" is the only counterfactual trace.

MIN: € Jq. ¢ AOO(Oq < —q) AN(q — 1) is more minimal (and the cause).

17



£ Checking Temporal Causality @
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7:1 _"1:1 A i2

@ T ? T @ Counterfactual
i1 A i automaton (for
System contingencies)
/ HyperQPTL & isacause
m= ({ila iQ}{ila 7:27 01})w model
Counterexample \ checking Q
Not a cause

Vr.3n".o(C, E, )

Cause (| =—————— HyperQPTL
encoding

Effect f, / +

Distance metric <¢
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Define causality for
trace properties

Conclusion

Algorithm for
checking causality
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