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Temporal point process 
(TPP)
Probabilistic model for continuous-time event data

• Server logs

• User activity traces

• Financial transactions
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Out-of-distribution (OoD) detection
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Question: Is the new sequence 𝑋
normal or anomalous?

Given: Normal sequences 𝒟&'()* = 𝑋!, … , 𝑋+
that were generated by some unknown TPP ℙ,(&(
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Out-of-distribution (OoD) 
detection
Given: 𝑋!, … , 𝑋" ~#.#.%. ℙ%&'&
Question:

𝐻(: 𝑋 ~ ℙ %&'&

𝐻!: 𝑋 ~ ℚ for some ℚ ≠ ℙ%&'&
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Given: known distribution ℙ)*%+,
Question:

𝐻(: 𝑋 ~ ℙ)*%+,
𝐻!: 𝑋 ~ ℚ for some ℚ ≠ ℙ)*%+,
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Goodness-of-fit (GoF) 
testing

The two problems are similar ⇒ We can use tools for GoF testing to perform OoD detection



GoF hypothesis test

𝐻(: 𝑋 ~ ℙ)*%+, or    𝐻!: 𝑋 ~ ℚ for ℚ ≠ ℙ)*%+,

1. Pick a test statistic 𝑠: 𝒳 → ℝ
2. Compute the p-value for the given realization 𝑥 of 𝑋

𝑝. 𝑥 = 2 ×min Pr 𝑠 𝑋 ≤ 𝑠(𝑥) 𝐻( , 1 − Pr 𝑠 𝑋 ≤ 𝑠(𝑥) 𝐻(

3. Reject 𝐻( if p-value is below a threshold 𝛼

4



Back to OoD detection

• OoD detection hypothesis test

𝐻(: 𝑋 ~ ℙ%&'& or    𝐻!: 𝑋 ~ ℚ for ℚ ≠ ℙ%&'&
given 𝒟'/&#0 = 𝑋!, … , 𝑋" drawn i.i.d. from ℙ%&'&

• Problem How can we compute the p-value?
𝑝. 𝑥 = 2 ×min Pr 𝑠 𝑋 ≤ 𝑠(𝑥) 𝐻( , 1 − Pr 𝑠 𝑋 ≤ 𝑠(𝑥) 𝐻(

• No assumptions about ℙ%&'& ⇒ cannot compute CDF of 𝑠 𝑋 |𝐻( analytically

• Solution: Use the empirical distribution (EDF) of the statistic 𝑠 𝑋 on 𝒟'/&#0
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How to define a test statistic for TPPs?

• A TPP is uniquely defined by its compensator Λ∗

• The compensator converts any TPP realization 
𝑋 = 𝑡!, … , 𝑡2

into a sample from the standard Poisson process
𝑍 = Λ∗ 𝑡! , … , Λ∗ 𝑡2

• Use existing test statistics for Poisson processes 
on 𝑍 to define a statistic 𝑠 𝑋 for an arbitrary TPP
• e.g., Kolmogorov–Smirnov, 𝜒-squared, sum-of-squared-spacings
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Putting everything together

1. Fit a TPP model on 𝒟'/&#0 = 𝑋!, … , 𝑋"
2. Define statistic 𝑠 𝑋 based on the compensator Λ∗ of the learned TPP

3. Approximate CDF of 𝑠 𝑋 |𝑋 ~ ℙ%&'& with the EDF on 𝒟'/&#0
4. For a test sequence 𝑋, compute the p-value using the EDF

5. Label 𝑋 as anomalous if p-value is less than chosen 𝛼
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Experiments
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• Accurate detection of OoD sequences 
in simulated and real-world data

• Also works for marked sequences with 
multiple event types



Summary

• OoD detection and GoF testing are 
related but different problems

• We can use GoF statistics for TPPs to 
detect anomalous event sequences

• The general framework extends to 
other data types, such a time series
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Code:
github.com/shchur/tpp-anomaly-detection

https://github.com/shchur/tpp-anomaly-detection

