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INTRODUCTION

• d-separation was instrumental in the founding of Bayesian 
networks 

• it continues to be useful today 

• causal inference in statistics (Pearl, 2016) 

• cause and correlation in biology (Shipley, 2016) 

• population extrapolation (Pearl and Bareinboim, 2014) 

• handling missing data (Mohan and Pearl, 2014) 

• deep learning (Goodfellow et al., 2016)



INTRODUCTION

• d-separation is a graphical method for testing 
independencies in BNs 

• I(X,Y,Z) means X and Z are conditionally 
independent given Y



THE KEY QUESTION

• determine whether there exists an active path from 
X to Z with respect to Y 

• when explaining the test of independence  
I(X, Y, Z), the probabilistic reasoning literature 
tends to discuss traversing irrelevant paths 



EXAMPLE: IRRELEVANT PATH

• Is the path (a,c), (c,f), (f,h), (h,g) active or blocked? 

• This path is necessarily blocked
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PRACTICAL IMPLEMENTATIONS

• Geiger et al. (1989) 

• Bayes-Ball (BB) (Shachter, 1998) 

• REACHABLE algorithm (Koller and Friedman, 2009) 

• also explore irrelevant paths



GEIGER ET AL. (1989)

• first linear implementation 

• explores every edge in the BN



BAYES-BALL AND REACHABLE

• Bayes-Ball was the first method to explore the 
active part of a BN 

• explore all nodes reachable along active paths 
from X with respect to Y 

• REACHABLE tests I(X,Y,Z) this way



THE ACTIVE PART OF A BN
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AN OVERLOOKED RESULT

• For I(X,Y,Z), Lauritzen et al. (1990) established that 
all active paths from X to Z given Y can only 
involve variables in 

XYZ ∪ An(XYZ)
• we call this the relevant part of a BN



THE RELEVANT PART OF A BN
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ACTIVE VERSUS RELEVANT
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RELEVANT PATH SEPARATION

• a path is relevant, if it only involves nodes in 

XYZ ∪ An(XYZ)
• restrict traversal to the intersection of the active 

and relevant parts of a BN 

• explore relevant paths that are active



• linear implementation 
of RP-REACHABLE 

• based upon 
REACHABLE 

• lines 4, 19, 22, 27, 31



EXPERIMENTAL RESULTS



• RP-REACHABLE was faster than REACHABLE in 
17 out of 19 BNs 

• RP-REACHABLE was faster than REACHABLE by 
53% on average

EXPERIMENTAL RESULTS



TEACHING D-SEPARATION

• only test relevant paths 

• the path (a,d), (d,g) is active 

• the path (a,d), (d,b), (b,e), (e,g) is blocked
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EXAMPLE: IRRELEVANT PATH

• Is the path (a,c), (c,f), (f,h), (h,g) active or blocked? 

• This path is necessarily blocked
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TEACHING D-SEPARATION

• only test relevant paths 

• the path (a,d), (d,g) is active 

• the path (a,d), (d,b), (b,e), (e,g) is blocked
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CONCLUSION

• rp-separation is a new method for testing 
independencies in BNs 

• considers the intersection of the active and relevant 
parts of a BN 

• faster in 17 out of 19 BNs by 53% on average 

• may be useful in teaching d-separation


