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Solution: 
✓ Learn a partial 

causal structure 
before failure.

✓ Rank by posterior 
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depends on failures 
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Step 2. Enumerate  I-CPDAGs

Step 3:  Compute Likelihood by 
Sampling DAGs
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Factorize according the 
augmented DAGs sampled 
from        and

Step 4:  Rank Root Causes 
by Posterior 𝑷(𝑹|𝑫)

Sampling 
DAG and 
counting the 
size of MEC 
only takes 
polynomial 
time [2]

Uniform over all 
sampled CPDAGs

Empirical probability from bootstrapping

Evaluate the likelihood by 
sampling a DAG from C

Lemma (identifiability). Under  modularity, positivity, for 
almost all parameter values, any two district sets R≠R’, if 
(G*,R*) is the ground truth, then

Robustness to Finite Sample Approximation

Assumptions
- A1 (𝜺-close plug in): With probability at least 1-
𝜼, 𝜼 ∈ 𝟎, 𝟏 , 𝒏 is the sample size, 𝒅𝑻𝑽(𝒑′, 𝒑∗) ≤ 𝜺, 
where 𝜺 → 𝟎 𝐚𝐬 𝐧 → ∞
- A2 (Bounded log-likelihood ratios). There exists B 
≤ ∞ such that for all (G, R)

Synthetic Experiment

Real-world Experiment with Petshop Data
Scalability

Accuracy

Int. Sample Convergence

Theorem (Posterior Consistency). Let R* be a set of root 
causes. Under A1-A2 and causal sufficiency, we have 

Theorem (Finite Sample Bound with 𝜺 robustness). For any 
𝜹 ∈ 𝟎, 𝟏 , let M be the number of wrong pairs (G, R) and let                                                                          

, with probability at least 𝟏 − 𝜹 − 𝜼,

Corollary. For any candidate target set R, BRCD 
enumerates all and only the I-CPDAG compatible 
with (C(G*), R) by ranging over all possible 
orientations of the edge cut E[R, V\R] and closing 
under Meek rules. Hence, BRCD covers all I-MEC 
consistent with (C(G*), R)

Lemma. Let G be a DAG and R be a set of root cause 
candidates. Consider (G, R) as a joint event. With a 
uniform prior on (G, R), ranking the posteriors of 
(G, R) is the same as ranking I-CPDAGs.
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