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Models & Inference
1. Modeling event sequences
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3. Capturing complex dynamics
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Event sequences as cascades

S D
means

D follows S Christine

Bob

Beth

Joe

David

3.00pm

3.25pm

3.27pm

4.15pm

t

Event:

Time User

(ti, ui)
<latexit sha1_base64="oxB8ArAuJYID6UxM55oda+7m6Is=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJUkJKIoAcPBS8eK9gPbEPYbDft0s0m7E6EUvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjsrq2vrG5uFreL2zu7efungsGmSTDPeYIlMdDukhkuheAMFSt5ONadxKHkrHN5O/dYT10Yk6gFHKfdj2lciEoyilR4rGIhzkgXiLCiV3ao7A1kmXk7KkKMelL66vYRlMVfIJDWm47kp+mOqUTDJJ8VuZnhK2ZD2ecdSRWNu/PHs4gk5tUqPRIm2pZDM1N8TYxobM4pD2xlTHJhFbyr+53UyjK79sVBphlyx+aIokwQTMn2f9ITmDOXIEsq0sLcSNqCaMrQhFW0I3uLLy6R5UfXcqnd/Wa7d5HEU4BhOoAIeXEEN7qAODWCg4Ble4c0xzovz7nzMW1ecfOYI/sD5/AE2go/u</latexit><latexit sha1_base64="oxB8ArAuJYID6UxM55oda+7m6Is=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJUkJKIoAcPBS8eK9gPbEPYbDft0s0m7E6EUvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjsrq2vrG5uFreL2zu7efungsGmSTDPeYIlMdDukhkuheAMFSt5ONadxKHkrHN5O/dYT10Yk6gFHKfdj2lciEoyilR4rGIhzkgXiLCiV3ao7A1kmXk7KkKMelL66vYRlMVfIJDWm47kp+mOqUTDJJ8VuZnhK2ZD2ecdSRWNu/PHs4gk5tUqPRIm2pZDM1N8TYxobM4pD2xlTHJhFbyr+53UyjK79sVBphlyx+aIokwQTMn2f9ITmDOXIEsq0sLcSNqCaMrQhFW0I3uLLy6R5UfXcqnd/Wa7d5HEU4BhOoAIeXEEN7qAODWCg4Ble4c0xzovz7nzMW1ecfOYI/sD5/AE2go/u</latexit><latexit sha1_base64="oxB8ArAuJYID6UxM55oda+7m6Is=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJUkJKIoAcPBS8eK9gPbEPYbDft0s0m7E6EUvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjsrq2vrG5uFreL2zu7efungsGmSTDPeYIlMdDukhkuheAMFSt5ONadxKHkrHN5O/dYT10Yk6gFHKfdj2lciEoyilR4rGIhzkgXiLCiV3ao7A1kmXk7KkKMelL66vYRlMVfIJDWm47kp+mOqUTDJJ8VuZnhK2ZD2ecdSRWNu/PHs4gk5tUqPRIm2pZDM1N8TYxobM4pD2xlTHJhFbyr+53UyjK79sVBphlyx+aIokwQTMn2f9ITmDOXIEsq0sLcSNqCaMrQhFW0I3uLLy6R5UfXcqnd/Wa7d5HEU4BhOoAIeXEEN7qAODWCg4Ble4c0xzovz7nzMW1ecfOYI/sD5/AE2go/u</latexit><latexit sha1_base64="oxB8ArAuJYID6UxM55oda+7m6Is=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJUkJKIoAcPBS8eK9gPbEPYbDft0s0m7E6EUvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjsrq2vrG5uFreL2zu7efungsGmSTDPeYIlMdDukhkuheAMFSt5ONadxKHkrHN5O/dYT10Yk6gFHKfdj2lciEoyilR4rGIhzkgXiLCiV3ao7A1kmXk7KkKMelL66vYRlMVfIJDWm47kp+mOqUTDJJ8VuZnhK2ZD2ecdSRWNu/PHs4gk5tUqPRIm2pZDM1N8TYxobM4pD2xlTHJhFbyr+53UyjK79sVBphlyx+aIokwQTMn2f9ITmDOXIEsq0sLcSNqCaMrQhFW0I3uLLy6R5UfXcqnd/Wa7d5HEU4BhOoAIeXEEN7qAODWCg4Ble4c0xzovz7nzMW1ecfOYI/sD5/AE2go/u</latexit>

Information Diffusion

[Leskovec et al., 2009]
Disease Diffusion

[Rizoiu et al., 2018]



An example: idea adoption

Friggeri et al., 2014
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Infection cascade representation

t = 0 t = T

t

Infec/on event:

TimeUser Cascade
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We represent an infection cascade using 
terminating temporal point processes:
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Infec&on intensity 
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(given, not modeled)

Users get 
infected only 

once
Influence from 
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Previous 
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Memory

Follow-ups
(modeled)

[Gomez-Rodriguez et al., ICML 2011]
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Model inference from multiple cascades

Condi3onal 
intensi3es

Diffusion log-likelihood

Maximum likelihood 
approach to find 

model parameters!

Theorem. For any choice of parametric memory, 
the maximum likelihood problem is convex in B.

Sum up log-likelihoods 
of mul3ple cascades!

[Gomez-Rodriguez et al., ICML 2011]



Example of real-world diffusion process

Youtube video: http://youtu.be/hBeaSfRCU4c

http://youtu.be/hBeaSfRCU4c


Propaga'on over networks
with variable influence

#greece
retweets

T0

Dynamic influence

In some cases, influence change over time:

[Gomez-Rodriguez et al., WSDM 2013]



Recurrent events: beyond cascades

In general, users perform recurrent 
events over 8me. E.g., people repeatedly 
express their opinion online:

Up to this point, each users is only 
infected once, and event sequences 
can be seen as cascades.
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Recurrent events representation

[Farajtabar et al., NIPS 2014]

We represent messages using nontermina0ng 
temporal point processes:

t = 0 t = T

t

Recurrent event:
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Recurrent events intensity

User’s
intensity

Events on her 
own ini3a3ve

[De et al., NIPS 2016]

H
aw

kes process

N1(t)

N2(t)

N3(t)

N4(t)

N5(t)

Cascade sources!

Influence from 
user v on user u

Previous 
messages by user v

Memory
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1. Modeling event sequences
2. Clustering event sequences

3. Capturing complex dynamics
4. Causal reasoning on event sequences



Event sequences

Often, the cluster (topic, meme, etc.) that each event in a 
sequence belongs to is not known:  

So far, we have assumed 
the cascade (topic, meme, 
etc.) that each event 
belongs to was known. 

Politics

Music
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tt

Clustering event sequences

Assume the event cluster to be hidden and aim to
automatically learn the cluster assigments from the data: 

[Du et al., 2015; Mavroforakis et al., 2017; Xu & Zha, 2017] 

Bayesian methods to cluster event sequences in the
context of:

Learning

Online News
Health care



Hierarchical Dirichlet Hawkes process

[Mavroforakis et al., WWW 2017]

Introduc<on to programming 

Discrete math

Project presenta<on

t

For/do-while

loops

If … else

How to write

switch Private

func<ons

Define

func<ons

Class

inheritance

Class

destructor

Plot

library

Logic

Set theory Geometry

Graph Theory
Powerpoint

vs. Keynote

Export

pptx to pdf

PP

templates

1st year computer science student



17

Events representation

We represent the events using marked temporal 
point processes:

t = 0 t = T

Task Task

t

(tn, pn, qn)Event:

Cluster
(hidden)

Time Content

pn
Nu,`(T ) = 9

[Mavroforakis et al., WWW 2017]



Haw
kes process

Cluster intensity

t = 0 t = T

Task Task

t

Own 
ini4a4ve

Follow-up

Cluster
popularity

New cascade
rate

Memory

Intensity 
or rate 

(events / hour)
[Mavroforakis et al., WWW 2017]
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User events intensity

Users adopt more than one cluster:

A user’s learning events as a multidimensional Hawkes:

(tn, pn) ⇠ Hawkes

0

B@
�
⇤
u,1(t)
...

�
⇤
u,1(t)

1

CA

clusterTime

Content qn ⇠ P (·|✓pn)
[Mavroforakis et al., WWW 2017]

tt



People share same clusters

Different users adopt same clusters

Infinite # of clusters. -
Shared parameters across users.-

Cluster distribu:on from a Dirichlet process:

tt

...

[Mavroforakis et al., WWW 2017]

Efficient model inference using 
Sequential Montecarlo!

Details in the 

reference below!
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In
te

ns
ity

Learning cluster (I): Version Control

Version control tasks tend to be specific, 
quickly solved a>er performing few quesBons

IntensiBesContent

[Mavroforakis et al., WWW 2017]



SEP MAR SEP MAR SEP MAR SEP MAR

SEP MAR SEP MAR SEP MAR SEP MAR

Learning cluster (II): Machine learning

Machine learning tasks tend to be more 
complex and require asking more ques<ons

IntensitiesContent

[Mavroforakis et al., WWW 2017]
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Up to now, we have focused on simple temporal 
dynamics (and intensity func8ons): 

t = T

t = T

Towards real-world temporal dynamics

Recent works make use of RNNs to capture
more complex dynamics

[Du et al., 2016; Dai et al., 2016; Mei & Eisner, 2017; Jing & Smola, 2017; 
Trivedi et al., 2017; Xiao et al., 2017a; 2018] 



Neural Hawkes process

[Mei & Eisner, NIPS 2017]

1) History effect does not need to be additive
2) Allows for complex memory effects 

(such as delays)



h(t) = RNN(H(t))

Memory

Neural Hawkes process

[Mei & Eisner, NIPS 2017]

�u(t) = fu(w
>
u h(t))

Excitation & inhibition

Parameter learning using 
stochastic gradient descent

Details in the 

reference below!



Applica'ons (I): Predic've Models
Know-Evolve, Trivedi et al. (2017)

Neural Survival Recommender, Jing & Smola (2017)

Coevolutionary Embedding,
Dai et al. (2017)



Wasserstein-Distance for
Temporal Point Processes

GAN architecture

Applica5ons (II): Genera5ve Models

[Xiao et al., 2017 & 2018]

Key idea: Intensity- and likelihood-free models
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Temporal point processes beyond prediction

So far, we have focused on models that improve
preditions:

Recent works have focused on performing causal
inference using event sequences: 

Recommendations

Link 
prediction

Community 
detection

[Trivedi et al., 2017] [Dai et al., 2017][Xiao et al., 2017]

[Xu et al., 2016; Achab et al., 2017; Kuśmierczyk & Gomez-Rodriguez, 2018] 

Granger
causality graph

Treatment effect



Uncovering Causality from Hawkes Processes

[Achab et al., ICML 2017] 

Multivariate Hawkes process:

Effect of v‘s past events on u

�u(t) = µu +
X

v2U

Z t

0
ku,v(t� t0)dNv(t

0)
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Granger causality:
“X causes Y in the sense of Granger causality if forecasting

future values of Y is more successful while taking X past
values into account" [Granger, 1969] 

N(t) =
X

u2U
Nu(t)
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Uncovering Causality from Hawkes Processes

[Achab et al., ICML 2017] 

Mul9variate Hawkes process:

Effect of v‘s past events on u

�u(t) = µu +
X

v2U

Z t

0
ku,v(t� t0)dNv(t

0)
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Granger causality on multivariate Hawkes processes:
“            does not Ganger-cause w.r.t.           if and only if

for "
[Eichler et al., 2016] 

Nv(t)
<latexit sha1_base64="KCcSrmT2xehNcirqCMMNkE/+R7M=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0MIiYGMlEcwHJCHsbfaSJXt7x+5cIBz5ETYWitj6e+z8N+4lV2jig4HHezPMzPNjKQy67reztr6xubVd2Cnu7u0fHJaOjpsmSjTjDRbJSLd9argUijdQoOTtWHMa+pK3/PFd5rcmXBsRqSecxrwX0qESgWAUrdR66E8qeFHsl8pu1Z2DrBIvJ2XIUe+XvrqDiCUhV8gkNabjuTH2UqpRMMlnxW5ieEzZmA55x1JFQ2566fzcGTm3yoAEkbalkMzV3xMpDY2Zhr7tDCmOzLKXif95nQSDm14qVJwgV2yxKEgkwYhkv5OB0JyhnFpCmRb2VsJGVFOGNqEsBG/55VXSvKx6btV7vCrXbvM4CnAKZ1ABD66hBvdQhwYwGMMzvMKbEzsvzrvzsWhdc/KZE/gD5/MHBhWOrA==</latexit><latexit sha1_base64="KCcSrmT2xehNcirqCMMNkE/+R7M=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0MIiYGMlEcwHJCHsbfaSJXt7x+5cIBz5ETYWitj6e+z8N+4lV2jig4HHezPMzPNjKQy67reztr6xubVd2Cnu7u0fHJaOjpsmSjTjDRbJSLd9argUijdQoOTtWHMa+pK3/PFd5rcmXBsRqSecxrwX0qESgWAUrdR66E8qeFHsl8pu1Z2DrBIvJ2XIUe+XvrqDiCUhV8gkNabjuTH2UqpRMMlnxW5ieEzZmA55x1JFQ2566fzcGTm3yoAEkbalkMzV3xMpDY2Zhr7tDCmOzLKXif95nQSDm14qVJwgV2yxKEgkwYhkv5OB0JyhnFpCmRb2VsJGVFOGNqEsBG/55VXSvKx6btV7vCrXbvM4CnAKZ1ABD66hBvdQhwYwGMMzvMKbEzsvzrvzsWhdc/KZE/gD5/MHBhWOrA==</latexit><latexit sha1_base64="KCcSrmT2xehNcirqCMMNkE/+R7M=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0MIiYGMlEcwHJCHsbfaSJXt7x+5cIBz5ETYWitj6e+z8N+4lV2jig4HHezPMzPNjKQy67reztr6xubVd2Cnu7u0fHJaOjpsmSjTjDRbJSLd9argUijdQoOTtWHMa+pK3/PFd5rcmXBsRqSecxrwX0qESgWAUrdR66E8qeFHsl8pu1Z2DrBIvJ2XIUe+XvrqDiCUhV8gkNabjuTH2UqpRMMlnxW5ieEzZmA55x1JFQ2566fzcGTm3yoAEkbalkMzV3xMpDY2Zhr7tDCmOzLKXif95nQSDm14qVJwgV2yxKEgkwYhkv5OB0JyhnFpCmRb2VsJGVFOGNqEsBG/55VXSvKx6btV7vCrXbvM4CnAKZ1ABD66hBvdQhwYwGMMzvMKbEzsvzrvzsWhdc/KZE/gD5/MHBhWOrA==</latexit><latexit sha1_base64="KCcSrmT2xehNcirqCMMNkE/+R7M=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0MIiYGMlEcwHJCHsbfaSJXt7x+5cIBz5ETYWitj6e+z8N+4lV2jig4HHezPMzPNjKQy67reztr6xubVd2Cnu7u0fHJaOjpsmSjTjDRbJSLd9argUijdQoOTtWHMa+pK3/PFd5rcmXBsRqSecxrwX0qESgWAUrdR66E8qeFHsl8pu1Z2DrBIvJ2XIUe+XvrqDiCUhV8gkNabjuTH2UqpRMMlnxW5ieEzZmA55x1JFQ2566fzcGTm3yoAEkbalkMzV3xMpDY2Zhr7tDCmOzLKXif95nQSDm14qVJwgV2yxKEgkwYhkv5OB0JyhnFpCmRb2VsJGVFOGNqEsBG/55VXSvKx6btV7vCrXbvM4CnAKZ1ABD66hBvdQhwYwGMMzvMKbEzsvzrvzsWhdc/KZE/gD5/MHBhWOrA==</latexit>

N(t)
<latexit sha1_base64="PSnnhTfMWD0hYiILs1OCKea8bTI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BItQLyURQQ8eCl48SQXTFtpQNttNu3SzCbsToYT+Bi8eFPHqD/Lmv3HT5qCtDwYe780wMy9IBNfoON9WaW19Y3OrvF3Z2d3bP6geHrV1nCrKPBqLWHUDopngknnIUbBuohiJAsE6weQ29ztPTGkey0ecJsyPyEjykFOCRvLu63heGVRrTsOZw14lbkFqUKA1qH71hzFNIyaRCqJ1z3US9DOikFPBZpV+qllC6ISMWM9QSSKm/Wx+7Mw+M8rQDmNlSqI9V39PZCTSehoFpjMiONbLXi7+5/VSDK/9jMskRSbpYlGYChtjO//cHnLFKIqpIYQqbm616ZgoQtHkk4fgLr+8StoXDddpuA+XteZNEUcZTuAU6uDCFTThDlrgAQUOz/AKb5a0Xqx362PRWrKKmWP4A+vzB3T6jcM=</latexit><latexit sha1_base64="PSnnhTfMWD0hYiILs1OCKea8bTI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BItQLyURQQ8eCl48SQXTFtpQNttNu3SzCbsToYT+Bi8eFPHqD/Lmv3HT5qCtDwYe780wMy9IBNfoON9WaW19Y3OrvF3Z2d3bP6geHrV1nCrKPBqLWHUDopngknnIUbBuohiJAsE6weQ29ztPTGkey0ecJsyPyEjykFOCRvLu63heGVRrTsOZw14lbkFqUKA1qH71hzFNIyaRCqJ1z3US9DOikFPBZpV+qllC6ISMWM9QSSKm/Wx+7Mw+M8rQDmNlSqI9V39PZCTSehoFpjMiONbLXi7+5/VSDK/9jMskRSbpYlGYChtjO//cHnLFKIqpIYQqbm616ZgoQtHkk4fgLr+8StoXDddpuA+XteZNEUcZTuAU6uDCFTThDlrgAQUOz/AKb5a0Xqx362PRWrKKmWP4A+vzB3T6jcM=</latexit><latexit sha1_base64="PSnnhTfMWD0hYiILs1OCKea8bTI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BItQLyURQQ8eCl48SQXTFtpQNttNu3SzCbsToYT+Bi8eFPHqD/Lmv3HT5qCtDwYe780wMy9IBNfoON9WaW19Y3OrvF3Z2d3bP6geHrV1nCrKPBqLWHUDopngknnIUbBuohiJAsE6weQ29ztPTGkey0ecJsyPyEjykFOCRvLu63heGVRrTsOZw14lbkFqUKA1qH71hzFNIyaRCqJ1z3US9DOikFPBZpV+qllC6ISMWM9QSSKm/Wx+7Mw+M8rQDmNlSqI9V39PZCTSehoFpjMiONbLXi7+5/VSDK/9jMskRSbpYlGYChtjO//cHnLFKIqpIYQqbm616ZgoQtHkk4fgLr+8StoXDddpuA+XteZNEUcZTuAU6uDCFTThDlrgAQUOz/AKb5a0Xqx362PRWrKKmWP4A+vzB3T6jcM=</latexit><latexit sha1_base64="PSnnhTfMWD0hYiILs1OCKea8bTI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BItQLyURQQ8eCl48SQXTFtpQNttNu3SzCbsToYT+Bi8eFPHqD/Lmv3HT5qCtDwYe780wMy9IBNfoON9WaW19Y3OrvF3Z2d3bP6geHrV1nCrKPBqLWHUDopngknnIUbBuohiJAsE6weQ29ztPTGkey0ecJsyPyEjykFOCRvLu63heGVRrTsOZw14lbkFqUKA1qH71hzFNIyaRCqJ1z3US9DOikFPBZpV+qllC6ISMWM9QSSKm/Wx+7Mw+M8rQDmNlSqI9V39PZCTSehoFpjMiONbLXi7+5/VSDK/9jMskRSbpYlGYChtjO//cHnLFKIqpIYQqbm616ZgoQtHkk4fgLr+8StoXDddpuA+XteZNEUcZTuAU6uDCFTThDlrgAQUOz/AKb5a0Xqx362PRWrKKmWP4A+vzB3T6jcM=</latexit>

Nu(t)
<latexit sha1_base64="Ni48jKKRbRJTCj51FfaV61KU+rQ=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnghYWARsriWA+IDnC3mYvWbK3d+zOCSHkR9hYKGLr77Hz37iXXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+PbzG8/cW1ErB5xknA/okMlQsEoWql930+reF7qlytuzZ2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6U6pRMMlnpV5qeELZmA5511JFI2786fzcGTmzyoCEsbalkMzV3xNTGhkziQLbGVEcmWUvE//zuimG1/5UqCRFrthiUZhKgjHJficDoTlDObGEMi3srYSNqKYMbUJZCN7yy6ukdVHz3Jr3cFmp3+RxFOEETqEKHlxBHe6gAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHBI2Oqw==</latexit><latexit sha1_base64="Ni48jKKRbRJTCj51FfaV61KU+rQ=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnghYWARsriWA+IDnC3mYvWbK3d+zOCSHkR9hYKGLr77Hz37iXXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+PbzG8/cW1ErB5xknA/okMlQsEoWql930+reF7qlytuzZ2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6U6pRMMlnpV5qeELZmA5511JFI2786fzcGTmzyoCEsbalkMzV3xNTGhkziQLbGVEcmWUvE//zuimG1/5UqCRFrthiUZhKgjHJficDoTlDObGEMi3srYSNqKYMbUJZCN7yy6ukdVHz3Jr3cFmp3+RxFOEETqEKHlxBHe6gAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHBI2Oqw==</latexit><latexit sha1_base64="Ni48jKKRbRJTCj51FfaV61KU+rQ=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnghYWARsriWA+IDnC3mYvWbK3d+zOCSHkR9hYKGLr77Hz37iXXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+PbzG8/cW1ErB5xknA/okMlQsEoWql930+reF7qlytuzZ2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6U6pRMMlnpV5qeELZmA5511JFI2786fzcGTmzyoCEsbalkMzV3xNTGhkziQLbGVEcmWUvE//zuimG1/5UqCRFrthiUZhKgjHJficDoTlDObGEMi3srYSNqKYMbUJZCN7yy6ukdVHz3Jr3cFmp3+RxFOEETqEKHlxBHe6gAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHBI2Oqw==</latexit><latexit sha1_base64="Ni48jKKRbRJTCj51FfaV61KU+rQ=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnghYWARsriWA+IDnC3mYvWbK3d+zOCSHkR9hYKGLr77Hz37iXXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+PbzG8/cW1ErB5xknA/okMlQsEoWql930+reF7qlytuzZ2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6U6pRMMlnpV5qeELZmA5511JFI2786fzcGTmzyoCEsbalkMzV3xNTGhkziQLbGVEcmWUvE//zuimG1/5UqCRFrthiUZhKgjHJficDoTlDObGEMi3srYSNqKYMbUJZCN7yy6ukdVHz3Jr3cFmp3+RxFOEETqEKHlxBHe6gAU1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHBI2Oqw==</latexit>

ku,v(⌧) = 0
<latexit sha1_base64="WbCAhb++s90lfwJSwW+mkR0NahQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUoigi4UCm5cVrAPaEOYTCft0MkkzKNYQn7FjQtF3Poj7vwbJ20W2nrgwuGce7n3niBhVCrH+bZKa+sbm1vl7crO7t7+gX1Y7chYC0zaOGax6AVIEkY5aSuqGOklgqAoYKQbTO5yvzslQtKYP6pZQrwIjTgNKUbKSL5dnfipPp9m9YFC+gzeOrDi2zWn4cwBV4lbkBoo0PLtr8EwxjoiXGGGpOy7TqK8FAlFMSNZZaAlSRCeoBHpG8pRRKSXzm/P4KlRhjCMhSmu4Fz9PZGiSMpZFJjOCKmxXPZy8T+vr1V47aWUJ1oRjheLQs2gimEeBBxSQbBiM0MQFtTcCvEYCYSViSsPwV1+eZV0Lhqu03AfLmvNmyKOMjgGJ6AOXHAFmuAetEAbYPAEnsEreLMy68V6tz4WrSWrmDkCf2B9/gC0MJLg</latexit><latexit sha1_base64="WbCAhb++s90lfwJSwW+mkR0NahQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUoigi4UCm5cVrAPaEOYTCft0MkkzKNYQn7FjQtF3Poj7vwbJ20W2nrgwuGce7n3niBhVCrH+bZKa+sbm1vl7crO7t7+gX1Y7chYC0zaOGax6AVIEkY5aSuqGOklgqAoYKQbTO5yvzslQtKYP6pZQrwIjTgNKUbKSL5dnfipPp9m9YFC+gzeOrDi2zWn4cwBV4lbkBoo0PLtr8EwxjoiXGGGpOy7TqK8FAlFMSNZZaAlSRCeoBHpG8pRRKSXzm/P4KlRhjCMhSmu4Fz9PZGiSMpZFJjOCKmxXPZy8T+vr1V47aWUJ1oRjheLQs2gimEeBBxSQbBiM0MQFtTcCvEYCYSViSsPwV1+eZV0Lhqu03AfLmvNmyKOMjgGJ6AOXHAFmuAetEAbYPAEnsEreLMy68V6tz4WrSWrmDkCf2B9/gC0MJLg</latexit><latexit sha1_base64="WbCAhb++s90lfwJSwW+mkR0NahQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUoigi4UCm5cVrAPaEOYTCft0MkkzKNYQn7FjQtF3Poj7vwbJ20W2nrgwuGce7n3niBhVCrH+bZKa+sbm1vl7crO7t7+gX1Y7chYC0zaOGax6AVIEkY5aSuqGOklgqAoYKQbTO5yvzslQtKYP6pZQrwIjTgNKUbKSL5dnfipPp9m9YFC+gzeOrDi2zWn4cwBV4lbkBoo0PLtr8EwxjoiXGGGpOy7TqK8FAlFMSNZZaAlSRCeoBHpG8pRRKSXzm/P4KlRhjCMhSmu4Fz9PZGiSMpZFJjOCKmxXPZy8T+vr1V47aWUJ1oRjheLQs2gimEeBBxSQbBiM0MQFtTcCvEYCYSViSsPwV1+eZV0Lhqu03AfLmvNmyKOMjgGJ6AOXHAFmuAetEAbYPAEnsEreLMy68V6tz4WrSWrmDkCf2B9/gC0MJLg</latexit><latexit sha1_base64="WbCAhb++s90lfwJSwW+mkR0NahQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUoigi4UCm5cVrAPaEOYTCft0MkkzKNYQn7FjQtF3Poj7vwbJ20W2nrgwuGce7n3niBhVCrH+bZKa+sbm1vl7crO7t7+gX1Y7chYC0zaOGax6AVIEkY5aSuqGOklgqAoYKQbTO5yvzslQtKYP6pZQrwIjTgNKUbKSL5dnfipPp9m9YFC+gzeOrDi2zWn4cwBV4lbkBoo0PLtr8EwxjoiXGGGpOy7TqK8FAlFMSNZZaAlSRCeoBHpG8pRRKSXzm/P4KlRhjCMhSmu4Fz9PZGiSMpZFJjOCKmxXPZy8T+vr1V47aWUJ1oRjheLQs2gimEeBBxSQbBiM0MQFtTcCvEYCYSViSsPwV1+eZV0Lhqu03AfLmvNmyKOMjgGJ6AOXHAFmuAetEAbYPAEnsEreLMy68V6tz4WrSWrmDkCf2B9/gC0MJLg</latexit>

⌧ 2 <+
<latexit sha1_base64="VbEk/E0GFaOwvFgizY6T0n/dYGM=">AAAB+XicbVBNS8NAEN34WetX1KOXxSIIQklE0IOHghePVewHNLFsttN26WYTdieFEvpPvHhQxKv/xJv/xqTNQVsfDDzem2FmXhBLYdBxvq2V1bX1jc3SVnl7Z3dv3z44bJoo0RwaPJKRbgfMgBQKGihQQjvWwMJAQisY3eZ+awzaiEg94iQGP2QDJfqCM8ykrm17yBLqCUW9B3g6p+WuXXGqzgx0mbgFqZAC9a795fUinoSgkEtmTMd1YvRTplFwCdOylxiIGR+xAXQyqlgIxk9nl0/paab0aD/SWSmkM/X3RMpCYyZhkHWGDIdm0cvF/7xOgv1rPxUqThAUny/qJ5JiRPMYaE9o4CgnGWFci+xWyodMM45ZWHkI7uLLy6R5UXWdqnt/WandFHGUyDE5IWfEJVekRu5InTQIJ2PyTF7Jm5VaL9a79TFvXbGKmSPyB9bnD10jkiQ=</latexit><latexit sha1_base64="VbEk/E0GFaOwvFgizY6T0n/dYGM=">AAAB+XicbVBNS8NAEN34WetX1KOXxSIIQklE0IOHghePVewHNLFsttN26WYTdieFEvpPvHhQxKv/xJv/xqTNQVsfDDzem2FmXhBLYdBxvq2V1bX1jc3SVnl7Z3dv3z44bJoo0RwaPJKRbgfMgBQKGihQQjvWwMJAQisY3eZ+awzaiEg94iQGP2QDJfqCM8ykrm17yBLqCUW9B3g6p+WuXXGqzgx0mbgFqZAC9a795fUinoSgkEtmTMd1YvRTplFwCdOylxiIGR+xAXQyqlgIxk9nl0/paab0aD/SWSmkM/X3RMpCYyZhkHWGDIdm0cvF/7xOgv1rPxUqThAUny/qJ5JiRPMYaE9o4CgnGWFci+xWyodMM45ZWHkI7uLLy6R5UXWdqnt/WandFHGUyDE5IWfEJVekRu5InTQIJ2PyTF7Jm5VaL9a79TFvXbGKmSPyB9bnD10jkiQ=</latexit><latexit sha1_base64="VbEk/E0GFaOwvFgizY6T0n/dYGM=">AAAB+XicbVBNS8NAEN34WetX1KOXxSIIQklE0IOHghePVewHNLFsttN26WYTdieFEvpPvHhQxKv/xJv/xqTNQVsfDDzem2FmXhBLYdBxvq2V1bX1jc3SVnl7Z3dv3z44bJoo0RwaPJKRbgfMgBQKGihQQjvWwMJAQisY3eZ+awzaiEg94iQGP2QDJfqCM8ykrm17yBLqCUW9B3g6p+WuXXGqzgx0mbgFqZAC9a795fUinoSgkEtmTMd1YvRTplFwCdOylxiIGR+xAXQyqlgIxk9nl0/paab0aD/SWSmkM/X3RMpCYyZhkHWGDIdm0cvF/7xOgv1rPxUqThAUny/qJ5JiRPMYaE9o4CgnGWFci+xWyodMM45ZWHkI7uLLy6R5UXWdqnt/WandFHGUyDE5IWfEJVekRu5InTQIJ2PyTF7Jm5VaL9a79TFvXbGKmSPyB9bnD10jkiQ=</latexit><latexit sha1_base64="VbEk/E0GFaOwvFgizY6T0n/dYGM=">AAAB+XicbVBNS8NAEN34WetX1KOXxSIIQklE0IOHghePVewHNLFsttN26WYTdieFEvpPvHhQxKv/xJv/xqTNQVsfDDzem2FmXhBLYdBxvq2V1bX1jc3SVnl7Z3dv3z44bJoo0RwaPJKRbgfMgBQKGihQQjvWwMJAQisY3eZ+awzaiEg94iQGP2QDJfqCM8ykrm17yBLqCUW9B3g6p+WuXXGqzgx0mbgFqZAC9a795fUinoSgkEtmTMd1YvRTplFwCdOylxiIGR+xAXQyqlgIxk9nl0/paab0aD/SWSmkM/X3RMpCYyZhkHWGDIdm0cvF/7xOgv1rPxUqThAUny/qJ5JiRPMYaE9o4CgnGWFci+xWyodMM45ZWHkI7uLLy6R5UXWdqnt/WandFHGUyDE5IWfEJVekRu5InTQIJ2PyTF7Jm5VaL9a79TFvXbGKmSPyB9bnD10jkiQ=</latexit>

N(t) =
X

u2U
Nu(t)

<latexit sha1_base64="nglucfVdhoM4eMquIr7BBhKXoFY=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoAuFghtXpYJ9QBPCZDpph04mYR5CCfkFN/6KGxeKuHXnzr9x0nahrQcGDuecy9x7wpRRqRzn2yqtrK6tb5Q3K1vbO7t79v5BRyZaYNLGCUtEL0SSMMpJW1HFSC8VBMUhI91wfFP43QciJE34vZqkxI/RkNOIYqSMFNi1Zk2dwmvoSR0HmYYe5dCLkRphxLJ2nsNmoKGJVAK76tSdKeAyceekCuZoBfaXN0iwjglXmCEp+66TKj9DQlHMSF7xtCQpwmM0JH1DOYqJ9LPpRTk8McoARokwjys4VX9PZCiWchKHJlksKxe9QvzP62sVXfoZ5alWhOPZR5FmUCWwqAcOqCBYsYkhCAtqdoV4hATCypRYlOAunrxMOmd116m7d+fVxtW8jjI4AsegBlxwARrgFrRAG2DwCJ7BK3iznqwX6936mEVL1nzmEPyB9fkDVGibaQ==</latexit><latexit sha1_base64="nglucfVdhoM4eMquIr7BBhKXoFY=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoAuFghtXpYJ9QBPCZDpph04mYR5CCfkFN/6KGxeKuHXnzr9x0nahrQcGDuecy9x7wpRRqRzn2yqtrK6tb5Q3K1vbO7t79v5BRyZaYNLGCUtEL0SSMMpJW1HFSC8VBMUhI91wfFP43QciJE34vZqkxI/RkNOIYqSMFNi1Zk2dwmvoSR0HmYYe5dCLkRphxLJ2nsNmoKGJVAK76tSdKeAyceekCuZoBfaXN0iwjglXmCEp+66TKj9DQlHMSF7xtCQpwmM0JH1DOYqJ9LPpRTk8McoARokwjys4VX9PZCiWchKHJlksKxe9QvzP62sVXfoZ5alWhOPZR5FmUCWwqAcOqCBYsYkhCAtqdoV4hATCypRYlOAunrxMOmd116m7d+fVxtW8jjI4AsegBlxwARrgFrRAG2DwCJ7BK3iznqwX6936mEVL1nzmEPyB9fkDVGibaQ==</latexit><latexit sha1_base64="nglucfVdhoM4eMquIr7BBhKXoFY=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoAuFghtXpYJ9QBPCZDpph04mYR5CCfkFN/6KGxeKuHXnzr9x0nahrQcGDuecy9x7wpRRqRzn2yqtrK6tb5Q3K1vbO7t79v5BRyZaYNLGCUtEL0SSMMpJW1HFSC8VBMUhI91wfFP43QciJE34vZqkxI/RkNOIYqSMFNi1Zk2dwmvoSR0HmYYe5dCLkRphxLJ2nsNmoKGJVAK76tSdKeAyceekCuZoBfaXN0iwjglXmCEp+66TKj9DQlHMSF7xtCQpwmM0JH1DOYqJ9LPpRTk8McoARokwjys4VX9PZCiWchKHJlksKxe9QvzP62sVXfoZ5alWhOPZR5FmUCWwqAcOqCBYsYkhCAtqdoV4hATCypRYlOAunrxMOmd116m7d+fVxtW8jjI4AsegBlxwARrgFrRAG2DwCJ7BK3iznqwX6936mEVL1nzmEPyB9fkDVGibaQ==</latexit><latexit sha1_base64="nglucfVdhoM4eMquIr7BBhKXoFY=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoAuFghtXpYJ9QBPCZDpph04mYR5CCfkFN/6KGxeKuHXnzr9x0nahrQcGDuecy9x7wpRRqRzn2yqtrK6tb5Q3K1vbO7t79v5BRyZaYNLGCUtEL0SSMMpJW1HFSC8VBMUhI91wfFP43QciJE34vZqkxI/RkNOIYqSMFNi1Zk2dwmvoSR0HmYYe5dCLkRphxLJ2nsNmoKGJVAK76tSdKeAyceekCuZoBfaXN0iwjglXmCEp+66TKj9DQlHMSF7xtCQpwmM0JH1DOYqJ9LPpRTk8McoARokwjys4VX9PZCiWchKHJlksKxe9QvzP62sVXfoZ5alWhOPZR5FmUCWwqAcOqCBYsYkhCAtqdoV4hATCypRYlOAunrxMOmd116m7d+fVxtW8jjI4AsegBlxwARrgFrRAG2DwCJ7BK3iznqwX6936mEVL1nzmEPyB9fkDVGibaQ==</latexit>



Uncovering Causality from Hawkes Processes

[Achab et al., ICML 2017] 

Goal is to estimate                   , where: G = [guv]
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Then,                    quanBfies the direct causal rela,onship 
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Then,                    quan9fies the direct causal rela,onship 
between nodes. 
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Key idea: Estimate G using the cumulants
dN(t) of the Hawkes process. 
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<latexit sha1_base64="PNYgYCdh42SUgtD/wOxVNXKDS3Q=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoeNBjBfsBbSib7aRdutnE3U2hhP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN0eoNI/loxkn6Ee0L3nIGTVW8skduSHtfjdLRxO/Wyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt6Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/yMyyQ1KNl8UZgKYmIyTYD0uEJmxNgSyhS3txI2oIoyY3Mq2hC8xZeXSeO84rkV7+GiXL3O4yjAMZzAGXhwCVW4hxrUgcETPMMrvDkj58V5dz7mrStOPnMEf+B8/gB3M5E7</latexit><latexit sha1_base64="PNYgYCdh42SUgtD/wOxVNXKDS3Q=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoeNBjBfsBbSib7aRdutnE3U2hhP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN0eoNI/loxkn6Ee0L3nIGTVW8skduSHtfjdLRxO/Wyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt6Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/yMyyQ1KNl8UZgKYmIyTYD0uEJmxNgSyhS3txI2oIoyY3Mq2hC8xZeXSeO84rkV7+GiXL3O4yjAMZzAGXhwCVW4hxrUgcETPMMrvDkj58V5dz7mrStOPnMEf+B8/gB3M5E7</latexit><latexit sha1_base64="PNYgYCdh42SUgtD/wOxVNXKDS3Q=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoeNBjBfsBbSib7aRdutnE3U2hhP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN0eoNI/loxkn6Ee0L3nIGTVW8skduSHtfjdLRxO/Wyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt6Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/yMyyQ1KNl8UZgKYmIyTYD0uEJmxNgSyhS3txI2oIoyY3Mq2hC8xZeXSeO84rkV7+GiXL3O4yjAMZzAGXhwCVW4hxrUgcETPMMrvDkj58V5dz7mrStOPnMEf+B8/gB3M5E7</latexit><latexit sha1_base64="PNYgYCdh42SUgtD/wOxVNXKDS3Q=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoeNBjBfsBbSib7aRdutnE3U2hhP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN0eoNI/loxkn6Ee0L3nIGTVW8skduSHtfjdLRxO/Wyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt6Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/yMyyQ1KNl8UZgKYmIyTYD0uEJmxNgSyhS3txI2oIoyY3Mq2hC8xZeXSeO84rkV7+GiXL3O4yjAMZzAGXhwCVW4hxrUgcETPMMrvDkj58V5dz7mrStOPnMEf+B8/gB3M5E7</latexit>

guv =

Z +1

0
ku,v(⌧)d⌧ � 0 for all u, v 2 U

<latexit sha1_base64="P660ClfWv+pZ4NBa1XAHenrnrO4="></latexit><latexit sha1_base64="P660ClfWv+pZ4NBa1XAHenrnrO4="></latexit><latexit sha1_base64="P660ClfWv+pZ4NBa1XAHenrnrO4="></latexit><latexit sha1_base64="P660ClfWv+pZ4NBa1XAHenrnrO4="></latexit>

Average total # of events of node u whose
direct ancestor is an event by node v

Then,                    quan9fies the direct causal rela,onship 
between nodes. 

G = [guv]
<latexit sha1_base64="PNYgYCdh42SUgtD/wOxVNXKDS3Q=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoeNBjBfsBbSib7aRdutnE3U2hhP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN0eoNI/loxkn6Ee0L3nIGTVW8skduSHtfjdLRxO/Wyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt6Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/yMyyQ1KNl8UZgKYmIyTYD0uEJmxNgSyhS3txI2oIoyY3Mq2hC8xZeXSeO84rkV7+GiXL3O4yjAMZzAGXhwCVW4hxrUgcETPMMrvDkj58V5dz7mrStOPnMEf+B8/gB3M5E7</latexit><latexit sha1_base64="PNYgYCdh42SUgtD/wOxVNXKDS3Q=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoeNBjBfsBbSib7aRdutnE3U2hhP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN0eoNI/loxkn6Ee0L3nIGTVW8skduSHtfjdLRxO/Wyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt6Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/yMyyQ1KNl8UZgKYmIyTYD0uEJmxNgSyhS3txI2oIoyY3Mq2hC8xZeXSeO84rkV7+GiXL3O4yjAMZzAGXhwCVW4hxrUgcETPMMrvDkj58V5dz7mrStOPnMEf+B8/gB3M5E7</latexit><latexit sha1_base64="PNYgYCdh42SUgtD/wOxVNXKDS3Q=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoeNBjBfsBbSib7aRdutnE3U2hhP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN0eoNI/loxkn6Ee0L3nIGTVW8skduSHtfjdLRxO/Wyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt6Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/yMyyQ1KNl8UZgKYmIyTYD0uEJmxNgSyhS3txI2oIoyY3Mq2hC8xZeXSeO84rkV7+GiXL3O4yjAMZzAGXhwCVW4hxrUgcETPMMrvDkj58V5dz7mrStOPnMEf+B8/gB3M5E7</latexit><latexit sha1_base64="PNYgYCdh42SUgtD/wOxVNXKDS3Q=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoeNBjBfsBbSib7aRdutnE3U2hhP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN0eoNI/loxkn6Ee0L3nIGTVW8skduSHtfjdLRxO/Wyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Njt6Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/yMyyQ1KNl8UZgKYmIyTYD0uEJmxNgSyhS3txI2oIoyY3Mq2hC8xZeXSeO84rkV7+GiXL3O4yjAMZzAGXhwCVW4hxrUgcETPMMrvDkj58V5dz7mrStOPnMEf+B8/gB3M5E7</latexit>

Key idea: Estimate G using the cumulants the
dN(t) of the Hawkes process. 

Non parametric Hawkes 
cumulant estimation method
(withTensorFlow implementation)

Details in the 

reference below!



Causal reasoning: Applica1ons

[Xu et al., 2016] 

Infec1vity matrix es1ma1on Effect of Badges

[Kuśmierczyk & Gomez-Rodriguez, 2018] 



Outline of the Seminar

1. Intensity func6on
2. Basic building blocks
3. Superposi6on
4. Marks and SDEs with jumps

TEMPORAL POINT PROCESSES (TPPS): INTRO

MO D E LS & IN FE R E N C E
1. Modeling event sequences
2. Clustering event sequences
3. Capturing complex dynamics
4. Causal reasoning on event sequences

Slides/references: learning.mpi-sws.org/tpp-icml18

RL & CONTROL
1. Marked TPPs: a new seTng
2. Stochas6c op6mal control
3. Reinforcement learning
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