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Discrete events in continuous time

Qj Hospital visits
Purchases and transactions

% Social media posts ...

emporal Point Processes (

PP)

t1 0y t3 ta

Prediction task

e When will the next event occur?
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Conditional intensity function

* ATPP is uniquely defined by its conditional intensity A(¢;|H,)

* A(t;|H;,) defines the rate of event occurrence given the history H;, = {t4, ..., t;—1}

e Likelihood

T
ZIOg p(t;17,,) =210g/1(ti|17-[ti) _ j A(t|7,)dt
. . 0
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Conditional density estimation

* Limitations of modeling the conditional intensity A(tilil-[tl.)

e Often limited flexibility
e Computing likelihood requires integration
* No closed-form sampling & expectation

* Solution — Model the conditional density p(7|H)
* We can use existing tools for neural density estimation!

A
p(t|H)

A

Intensity-free Learning of Temporal Point Processes — Shchur, Bilos, Glinnemann



How can we model p(t|H)?

* Normalizing flows
* Get flexible distribution by transforming a simple density

s p(@) =po (fi' @) |5 fi @) 2~Po(2)

* Mixture distribution
e Convex combination of simple densities

* p(1) = X1k po(Tl6y)

* The parameters 6 are produced by an RNN that encodes H
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Results

* Tractable, flexible and efficient
* SOTA results on density estimation
* Sampling, likelihood, mean — all in closed form

o NeW pOSSibiIitieS ~ " ®) Poisson
* Sequence embedding 5 5 -
« Conditional generation S o i
* Training with missing data S
g g > e

t-SNE component 1

Code and datasets: www.daml.in.tum.de/intensity-free-tpp
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http://www.daml.in.tum.de/intensity-free-tpp

