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Event Data Over Continuous-Time

Previous work:

This work:
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Marked Temporal Point Processes (MTPPs)
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Can be modeled by…
● Parametric: e.g., Hawkes 

● Neural: e.g., neural/transformer Hawkes  

Total Intensity Mark-specific Intensities



Recurrent MTPPs
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E.g., Recurrent MTPP (Du et al., 2016) and Neural Hawkes process (Mei and Eisner, 2017).



Sequence Log-likelihood
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Model set structures directly

Challenge for sets-valued events:



Modeling Set Structures
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Dynamic 
Bernoulli

Dynamic
DPPs1

1DPPs: determinantal point processes (Macchi, 1975; Kulesza el al., 2012)



Probabilistic Querying
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Beyond one-step-ahead prediction

Intractable!

Model prediction

Querying at item-level in the context of set-valued events: 

before T   history   ?

before      history   ? 

History



Answering Queries: Naive Sampling
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(Daley and Vere-Jones, 2003)

before T   history  ?

History



Importance Sampling Estimators: Hitting Time Example
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Probability estimate by the model

Can be extended to general Boolean expressions, see paper for more details.

Boyd, Showalter, Mandt, Smyth. (NeurIPS 2022)
Boyd, Chang, Mandt, Smyth. (AIStats 2023)



Experiments
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● Three main sets of experiments:

○ Querying efficiency

○ Test log-likelihood comparison (in paper) 

○ Query-based model selection (in paper) 



Evaluating Importance Estimators
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(Van der Vaart, 2000)

Intuition: # times fewer importance samples to achieve the same estimator variance.

Relative Efficiency



Relative Efficiency of Hitting Time Queries
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Relative
Efficiency

Query Probability

Shopping data



Statistical Efficiency of Hitting Time Queries
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Statistical Efficiency of “A-before-B” Queries  
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Contributions

1. New probabilistic models for set-valued data in continuous-time.

2. New querying methods to answer item-level queries for set-valued events.

3. Demonstrated significant improvements on modeling and 

orders-of-magnitude improvements on querying efficiency over 

alternative methods.
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