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Local causality: “A theory will be said to be locally causal if
the probabilities attached to values of local beables in a
space-time region V4 are unaltered by specification of values
of local beables in a space-like separated region 5z, when
what happens in the backward light cone of V4 is already
sufficiently specified, for example by a full specification of
local beables in a space-time region V. (Bell, 1990)
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Question: Which are the shielder-off regions?
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Question: Which are the shielder-off regions?

Answer: Shielder-off regions conform to d-separating sets
iIn Bayesian networks.




|. Local physical theory
Il. Causal graphs
lll. Local causality is d-separation







Covering collection:
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Bayesian network: (G, V)

AN
/ N\ ./

N\

NS\
N\
SN
AN

NN/

N\
N




Causal Markov Condition:



A—-B+(C+D—-FEF—=F

A path P:
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A path P: A—- B+ (C«+D—FE—F

Three types of vertices:
s Common effect (collider): A — B+ C
s Commoncause: C <~ D — E
s Intermediary cause: D - E — F
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Three types of vertices:
s Common effect (collider): A — B+ C
s Commoncause: C <~ D — E
s Intermediary cause: D - E — F
ldea:

» Only common causes and intermediary causes transmit
causal dependence; colliders do not.

» Conditioning on non-colliders blocks, conditioning on
colliders introduces causal dependence.




A path P: A—- B+ (C«+D—FE—F

s The causal dependence between A and B is blocked by
aset Son P ifthereis

» at least one non-collider in S, or
» at least one collider £ such that either E or a
descendant of £ is not in S.
s For example:
s S ={B,C} is blocking, since C'is a non-collider in S

s S"={B} Is not blocking, since there is no collider
outside S and non-collider inside S




» The two vertices are d-separated by S if causal
dependence is blocked on every path connecting them.

s Denotation: A1 ;B|S

» Bayesian networks: all probabilistic independencies are
implied by the Causal Markov Condition via
d-separation:

AllyB|S = Al,B|S
s The causal graph is faithful if

AllyB|S <<= AlL,B|S
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A and B are d-separated by C
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A and B are not d-separated by C”:
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Spacetime covering:









d-separation:




Proposition: Shielder-off regions are d-separating.
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But: d-separating sets are not shielder-off sets.
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Local causality is d-separation

Beyond Bayesian networks:
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Local causality is d-separation

m-separation:
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General coverings?




» In a locally causal theory any superluminal correlation
should be screened off by atomic events localized in any
shielder-off region.

» In a Bayesian network any correlation between
non-descendant random variables are screened off by
any d-separating set of variables.

s We argued that the shielder-off regions in the definition
of local causality conform in a well defined sense to the
d-separating sets in Bayesian networks.
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