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Many	discrete	events	in	continuous	time	
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Variety	of	processes	behind	these	events	
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Stock	
trading	

Events	are	(noisy)	observations	of	a	
variety	of	complex	dynamic	processes…	

…in	a	wide	range	of	temporal	scales.	
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Example	I:	Information	propagation	
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They	can	have	an	impact		
in	the	off-line	world		
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Example	II:	Knowledge	creation	
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Introduction	to	programming		
Discrete	math	
Project	presentation	
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Example	III:	Human	learning	
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Aren’t	these	event	traces	just	time	series?	

Discrete	and	continuous		
times	series 

Discrete	events	in		
continuous	time 

What	about	aggregating	
events	in	epochs? 

t

t

How	long	is	each	epoch? 
How	to	aggregate	events	per	epoch? 
What	if	no	event	in	one	epoch? 
What	about	time-related	queries? 

t

t

The	framework	of		
temporal	point	processes		

provides	a	native	representation			

tEpoch	1 Epoch	2 Epoch	3 



Outline	of	the	Lecture	

1.	Intensity	function	
2.	Basic	building	blocks	
3.	Superposition	
4.	Marks	and	SDEs	with	jumps	

INTRO	TO	TEMPORAL	POINT	PROCESSES	(TPPS)	

APPLICATION:	CLUSTERING	EVENT	SEQUENCES	
1.	Problem	Statement	
2.	Introduction	to	DPMM	
3.	CRP	+	HP	(a.k.a.	HDHP)	
4.	Generative	process	
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1.	Intensity	function	
2.	Basic	building	blocks	

3.	Superposition	
4.	Marks	and	SDEs	with	jumps	

Temporal	Point	Processes	
(TPPs):		

Introduction	
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Temporal	point	processes	

t = T

time 

Temporal	point	process:		
A	random	process	whose	realization	consists	of		
discrete	events	localized	in	time	 

Discrete	events 

History,	 

Formally:	 

Dirac	delta	function 
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Model	time	as	a	random	variable	

History,	 

t = T

time 

Prob.	between	[t,	t+dt) 

Prob.	not	before	t 

density 

Likelihood	of	a	timeline: 

t = T

f⇤(t)dt
<latexit sha1_base64="LhEx7v0Ro1ilLskvbm5Xa7M7lCM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJUDyURQY8FLx4r2A9oY9lsNu3SzSbuToRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3kz91hPXRiTqHkcp92PaVyISjKKV2tHDeQXPQuyVym7VnYEsEy8nZchR75W+umHCspgrZJIa0/HcFP0x1SiY5JNiNzM8pWxI+7xjqaIxN/54du+EnFolJFGibSkkM/X3xJjGxoziwHbGFAdm0ZuK/3mdDKNrfyxUmiFXbL4oyiTBhEyfJ6HQnKEcWUKZFvZWwgZUU4Y2oqINwVt8eZk0L6qeW/XuLss1N4+jAMdwAhXw4ApqcAt1aAADCc/wCm/Oo/PivDsf89YVJ585gj9wPn8AEM6PQw==</latexit><latexit sha1_base64="LhEx7v0Ro1ilLskvbm5Xa7M7lCM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJUDyURQY8FLx4r2A9oY9lsNu3SzSbuToRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3kz91hPXRiTqHkcp92PaVyISjKKV2tHDeQXPQuyVym7VnYEsEy8nZchR75W+umHCspgrZJIa0/HcFP0x1SiY5JNiNzM8pWxI+7xjqaIxN/54du+EnFolJFGibSkkM/X3xJjGxoziwHbGFAdm0ZuK/3mdDKNrfyxUmiFXbL4oyiTBhEyfJ6HQnKEcWUKZFvZWwgZUU4Y2oqINwVt8eZk0L6qeW/XuLss1N4+jAMdwAhXw4ApqcAt1aAADCc/wCm/Oo/PivDsf89YVJ585gj9wPn8AEM6PQw==</latexit><latexit sha1_base64="LhEx7v0Ro1ilLskvbm5Xa7M7lCM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJUDyURQY8FLx4r2A9oY9lsNu3SzSbuToRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3kz91hPXRiTqHkcp92PaVyISjKKV2tHDeQXPQuyVym7VnYEsEy8nZchR75W+umHCspgrZJIa0/HcFP0x1SiY5JNiNzM8pWxI+7xjqaIxN/54du+EnFolJFGibSkkM/X3xJjGxoziwHbGFAdm0ZuK/3mdDKNrfyxUmiFXbL4oyiTBhEyfJ6HQnKEcWUKZFvZWwgZUU4Y2oqINwVt8eZk0L6qeW/XuLss1N4+jAMdwAhXw4ApqcAt1aAADCc/wCm/Oo/PivDsf89YVJ585gj9wPn8AEM6PQw==</latexit><latexit sha1_base64="LhEx7v0Ro1ilLskvbm5Xa7M7lCM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJUDyURQY8FLx4r2A9oY9lsNu3SzSbuToRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3kz91hPXRiTqHkcp92PaVyISjKKV2tHDeQXPQuyVym7VnYEsEy8nZchR75W+umHCspgrZJIa0/HcFP0x1SiY5JNiNzM8pWxI+7xjqaIxN/54du+EnFolJFGibSkkM/X3xJjGxoziwHbGFAdm0ZuK/3mdDKNrfyxUmiFXbL4oyiTBhEyfJ6HQnKEcWUKZFvZWwgZUU4Y2oqINwVt8eZk0L6qeW/XuLss1N4+jAMdwAhXw4ApqcAt1aAADCc/wCm/Oo/PivDsf89YVJ585gj9wPn8AEM6PQw==</latexit>

S⇤(T � t)
<latexit sha1_base64="zoqUjWP0DG0B3pmvqF1MxJrOZG0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQBcOuCHoMePEYMS9I1jA7mU2GzD6c6RXCkp/w4kERr/6ON//GSbIHTSxoKKq66e7yYik02va3lVtZXVvfyG8WtrZ3dveK+wdNHSWK8QaLZKTaHtVcipA3UKDk7VhxGniSt7zRzdRvPXGlRRTWcRxzN6CDUPiCUTRS+/7hrFw/x9NesWRX7BnIMnEyUoIMtV7xq9uPWBLwEJmkWnccO0Y3pQoFk3xS6Caax5SN6IB3DA1pwLWbzu6dkBOj9IkfKVMhkpn6eyKlgdbjwDOdAcWhXvSm4n9eJ0H/2k1FGCfIQzZf5CeSYESmz5O+UJyhHBtCmRLmVsKGVFGGJqKCCcFZfHmZNC8qjl1x7i5LVTuLIw9HcAxlcOAKqnALNWgAAwnP8Apv1qP1Yr1bH/PWnJXNHMIfWJ8/b0qO2Q==</latexit><latexit sha1_base64="zoqUjWP0DG0B3pmvqF1MxJrOZG0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQBcOuCHoMePEYMS9I1jA7mU2GzD6c6RXCkp/w4kERr/6ON//GSbIHTSxoKKq66e7yYik02va3lVtZXVvfyG8WtrZ3dveK+wdNHSWK8QaLZKTaHtVcipA3UKDk7VhxGniSt7zRzdRvPXGlRRTWcRxzN6CDUPiCUTRS+/7hrFw/x9NesWRX7BnIMnEyUoIMtV7xq9uPWBLwEJmkWnccO0Y3pQoFk3xS6Caax5SN6IB3DA1pwLWbzu6dkBOj9IkfKVMhkpn6eyKlgdbjwDOdAcWhXvSm4n9eJ0H/2k1FGCfIQzZf5CeSYESmz5O+UJyhHBtCmRLmVsKGVFGGJqKCCcFZfHmZNC8qjl1x7i5LVTuLIw9HcAxlcOAKqnALNWgAAwnP8Apv1qP1Yr1bH/PWnJXNHMIfWJ8/b0qO2Q==</latexit><latexit sha1_base64="zoqUjWP0DG0B3pmvqF1MxJrOZG0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQBcOuCHoMePEYMS9I1jA7mU2GzD6c6RXCkp/w4kERr/6ON//GSbIHTSxoKKq66e7yYik02va3lVtZXVvfyG8WtrZ3dveK+wdNHSWK8QaLZKTaHtVcipA3UKDk7VhxGniSt7zRzdRvPXGlRRTWcRxzN6CDUPiCUTRS+/7hrFw/x9NesWRX7BnIMnEyUoIMtV7xq9uPWBLwEJmkWnccO0Y3pQoFk3xS6Caax5SN6IB3DA1pwLWbzu6dkBOj9IkfKVMhkpn6eyKlgdbjwDOdAcWhXvSm4n9eJ0H/2k1FGCfIQzZf5CeSYESmz5O+UJyhHBtCmRLmVsKGVFGGJqKCCcFZfHmZNC8qjl1x7i5LVTuLIw9HcAxlcOAKqnALNWgAAwnP8Apv1qP1Yr1bH/PWnJXNHMIfWJ8/b0qO2Q==</latexit><latexit sha1_base64="zoqUjWP0DG0B3pmvqF1MxJrOZG0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQBcOuCHoMePEYMS9I1jA7mU2GzD6c6RXCkp/w4kERr/6ON//GSbIHTSxoKKq66e7yYik02va3lVtZXVvfyG8WtrZ3dveK+wdNHSWK8QaLZKTaHtVcipA3UKDk7VhxGniSt7zRzdRvPXGlRRTWcRxzN6CDUPiCUTRS+/7hrFw/x9NesWRX7BnIMnEyUoIMtV7xq9uPWBLwEJmkWnccO0Y3pQoFk3xS6Caax5SN6IB3DA1pwLWbzu6dkBOj9IkfKVMhkpn6eyKlgdbjwDOdAcWhXvSm4n9eJ0H/2k1FGCfIQzZf5CeSYESmz5O+UJyhHBtCmRLmVsKGVFGGJqKCCcFZfHmZNC8qjl1x7i5LVTuLIw9HcAxlcOAKqnALNWgAAwnP8Apv1qP1Yr1bH/PWnJXNHMIfWJ8/b0qO2Q==</latexit>

S⇤(t) = 1� F ⇤(t)
<latexit sha1_base64="tRphFL12irzVPlyUnBB7x/qAbZk=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqIIlEUE3QkEQlxXtBdpYJtNJO3QyCTMTsYS+ihsXirj1Rdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863lVtaXlldy68XNja3tnfs3WJDRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7walJvPlKpWCTu9SimXoj7ggWMYG2srl28ezgu6yN0idwTdJ1x1y45FScTWgR3BiWYqda1vzq9iCQhFZpwrFTbdWLtpVhqRjgdFzqJojEmQ9ynbYMCh1R5aXb7GB0ap4eCSJonNMrc3xMpDpUahb7pDLEeqPnaxPyv1k50cOGlTMSJpoJMFwUJRzpCkyBQj0lKNB8ZwEQycysiAywx0SauggnBnf/yIjROK65TcW/PSlVnFkce9uEAyuDCOVThBmpQBwJP8Ayv8GaNrRfr3fqYtuas2cwe/JH1+QORypF7</latexit><latexit sha1_base64="tRphFL12irzVPlyUnBB7x/qAbZk=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqIIlEUE3QkEQlxXtBdpYJtNJO3QyCTMTsYS+ihsXirj1Rdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863lVtaXlldy68XNja3tnfs3WJDRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7walJvPlKpWCTu9SimXoj7ggWMYG2srl28ezgu6yN0idwTdJ1x1y45FScTWgR3BiWYqda1vzq9iCQhFZpwrFTbdWLtpVhqRjgdFzqJojEmQ9ynbYMCh1R5aXb7GB0ap4eCSJonNMrc3xMpDpUahb7pDLEeqPnaxPyv1k50cOGlTMSJpoJMFwUJRzpCkyBQj0lKNB8ZwEQycysiAywx0SauggnBnf/yIjROK65TcW/PSlVnFkce9uEAyuDCOVThBmpQBwJP8Ayv8GaNrRfr3fqYtuas2cwe/JH1+QORypF7</latexit><latexit sha1_base64="tRphFL12irzVPlyUnBB7x/qAbZk=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqIIlEUE3QkEQlxXtBdpYJtNJO3QyCTMTsYS+ihsXirj1Rdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863lVtaXlldy68XNja3tnfs3WJDRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7walJvPlKpWCTu9SimXoj7ggWMYG2srl28ezgu6yN0idwTdJ1x1y45FScTWgR3BiWYqda1vzq9iCQhFZpwrFTbdWLtpVhqRjgdFzqJojEmQ9ynbYMCh1R5aXb7GB0ap4eCSJonNMrc3xMpDpUahb7pDLEeqPnaxPyv1k50cOGlTMSJpoJMFwUJRzpCkyBQj0lKNB8ZwEQycysiAywx0SauggnBnf/yIjROK65TcW/PSlVnFkce9uEAyuDCOVThBmpQBwJP8Ayv8GaNrRfr3fqYtuas2cwe/JH1+QORypF7</latexit><latexit sha1_base64="tRphFL12irzVPlyUnBB7x/qAbZk=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFqIIlEUE3QkEQlxXtBdpYJtNJO3QyCTMTsYS+ihsXirj1Rdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863lVtaXlldy68XNja3tnfs3WJDRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7walJvPlKpWCTu9SimXoj7ggWMYG2srl28ezgu6yN0idwTdJ1x1y45FScTWgR3BiWYqda1vzq9iCQhFZpwrFTbdWLtpVhqRjgdFzqJojEmQ9ynbYMCh1R5aXb7GB0ap4eCSJonNMrc3xMpDpUahb7pDLEeqPnaxPyv1k50cOGlTMSJpoJMFwUJRzpCkyBQj0lKNB8ZwEQycysiAywx0SauggnBnf/yIjROK65TcW/PSlVnFkce9uEAyuDCOVThBmpQBwJP8Ayv8GaNrRfr3fqYtuas2cwe/JH1+QORypF7</latexit>
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Problems	of	density	parametrization	

t = T

It	is	difficult	for	model	design	and	interpretability: 
1.   Densities	need	to	integrate	to	1	(i.e.,	partition	function) 
2.   Difficult	to	combine	timelines	

time 

S⇤(T � t)
<latexit sha1_base64="zoqUjWP0DG0B3pmvqF1MxJrOZG0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQBcOuCHoMePEYMS9I1jA7mU2GzD6c6RXCkp/w4kERr/6ON//GSbIHTSxoKKq66e7yYik02va3lVtZXVvfyG8WtrZ3dveK+wdNHSWK8QaLZKTaHtVcipA3UKDk7VhxGniSt7zRzdRvPXGlRRTWcRxzN6CDUPiCUTRS+/7hrFw/x9NesWRX7BnIMnEyUoIMtV7xq9uPWBLwEJmkWnccO0Y3pQoFk3xS6Caax5SN6IB3DA1pwLWbzu6dkBOj9IkfKVMhkpn6eyKlgdbjwDOdAcWhXvSm4n9eJ0H/2k1FGCfIQzZf5CeSYESmz5O+UJyhHBtCmRLmVsKGVFGGJqKCCcFZfHmZNC8qjl1x7i5LVTuLIw9HcAxlcOAKqnALNWgAAwnP8Apv1qP1Yr1bH/PWnJXNHMIfWJ8/b0qO2Q==</latexit><latexit sha1_base64="zoqUjWP0DG0B3pmvqF1MxJrOZG0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQBcOuCHoMePEYMS9I1jA7mU2GzD6c6RXCkp/w4kERr/6ON//GSbIHTSxoKKq66e7yYik02va3lVtZXVvfyG8WtrZ3dveK+wdNHSWK8QaLZKTaHtVcipA3UKDk7VhxGniSt7zRzdRvPXGlRRTWcRxzN6CDUPiCUTRS+/7hrFw/x9NesWRX7BnIMnEyUoIMtV7xq9uPWBLwEJmkWnccO0Y3pQoFk3xS6Caax5SN6IB3DA1pwLWbzu6dkBOj9IkfKVMhkpn6eyKlgdbjwDOdAcWhXvSm4n9eJ0H/2k1FGCfIQzZf5CeSYESmz5O+UJyhHBtCmRLmVsKGVFGGJqKCCcFZfHmZNC8qjl1x7i5LVTuLIw9HcAxlcOAKqnALNWgAAwnP8Apv1qP1Yr1bH/PWnJXNHMIfWJ8/b0qO2Q==</latexit><latexit sha1_base64="zoqUjWP0DG0B3pmvqF1MxJrOZG0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQBcOuCHoMePEYMS9I1jA7mU2GzD6c6RXCkp/w4kERr/6ON//GSbIHTSxoKKq66e7yYik02va3lVtZXVvfyG8WtrZ3dveK+wdNHSWK8QaLZKTaHtVcipA3UKDk7VhxGniSt7zRzdRvPXGlRRTWcRxzN6CDUPiCUTRS+/7hrFw/x9NesWRX7BnIMnEyUoIMtV7xq9uPWBLwEJmkWnccO0Y3pQoFk3xS6Caax5SN6IB3DA1pwLWbzu6dkBOj9IkfKVMhkpn6eyKlgdbjwDOdAcWhXvSm4n9eJ0H/2k1FGCfIQzZf5CeSYESmz5O+UJyhHBtCmRLmVsKGVFGGJqKCCcFZfHmZNC8qjl1x7i5LVTuLIw9HcAxlcOAKqnALNWgAAwnP8Apv1qP1Yr1bH/PWnJXNHMIfWJ8/b0qO2Q==</latexit><latexit sha1_base64="zoqUjWP0DG0B3pmvqF1MxJrOZG0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQBcOuCHoMePEYMS9I1jA7mU2GzD6c6RXCkp/w4kERr/6ON//GSbIHTSxoKKq66e7yYik02va3lVtZXVvfyG8WtrZ3dveK+wdNHSWK8QaLZKTaHtVcipA3UKDk7VhxGniSt7zRzdRvPXGlRRTWcRxzN6CDUPiCUTRS+/7hrFw/x9NesWRX7BnIMnEyUoIMtV7xq9uPWBLwEJmkWnccO0Y3pQoFk3xS6Caax5SN6IB3DA1pwLWbzu6dkBOj9IkfKVMhkpn6eyKlgdbjwDOdAcWhXvSm4n9eJ0H/2k1FGCfIQzZf5CeSYESmz5O+UJyhHBtCmRLmVsKGVFGGJqKCCcFZfHmZNC8qjl1x7i5LVTuLIw9HcAxlcOAKqnALNWgAAwnP8Apv1qP1Yr1bH/PWnJXNHMIfWJ8/b0qO2Q==</latexit>
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Intensity	function	

History,	 

t = T

time 

Intensity:		
Probability	between	[t,	t+dt)	but	not	before	t		 

Prob.	between	[t,	t+dt) 

Prob.	not	before	t 

Observation:	 

density 

It	is	a	rate	=	#	of	events	/	unit	of	time	 

S⇤(t) = 1� F ⇤(t)
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Advantages	of	intensity	parametrization	(I)	

time 

Suitable	for	model	design	and	interpretable: 
1.   Intensities	only	need	to	be	nonnegative 
2.   Easy	to	combine	timelines	

t = T

S⇤(T � t)
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Relation	between	f*,	F*,	S*,	λ*	

Central	quantity		
we	will	use! 
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1.	Intensity	function	
2.	Basic	building	blocks	

3.	Superposition	
4.	Marks	and	SDEs	with	jumps	

Representation:		
Temporal	Point	Processes	



17 

Poisson	process	

Intensity	of	a	Poisson	process 

Observations: 

t = T

time 

1.   Intensity	independent	of	history	
2.   Uniformly	random	occurrence 
3.   Time	interval	follows	exponential	distribution	



18 

Fitting	&	sampling	from	a	Poisson	

t = T

time 

Fitting	by	maximum	likelihood: 

Sampling	using	inversion	sampling: 
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Inhomogeneous	Poisson	process	

t = T

time 

Intensity	of	an	inhomogeneous	Poisson	process 

Example: 

(Independent	of	history)	



Fitting	&	sampling	from	inhomogeneous	Poisson	

t = T

time 

Fitting	by	maximum	likelihood: 

20 

Sampling	using	thinning	(reject.	sampling)	+	inverse	sampling: 
1.   Sample					from	Poisson	process	with	intensity	

using	inverse	sampling	

3.   Keep	the	sample	if		

2.   Generate		 Keep	sample	with	
prob.	 
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Terminating	(or	survival)	process	

t = T

time 

Intensity	of	a	terminating	(or	survival)	process 

Observations: 

1.   Limited	number	of	occurrences	
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Self-exciting	(or	Hawkes)	process	

t = T

time 

Intensity	of	self-exciting		
(or	Hawkes)	process: 

Observations: 

1.   Clustered	(or	bursty)	occurrence	of	events	
2.   Intensity	is	stochastic	and	history	dependent	

History,	 
Triggering	kernel 



Fitting	&	Sampling	a	Hawkes	process	

t = T

time 

The	max.	likelihood		
is	jointly	convex	

	in					and	 

Fitting	by	maximum	likelihood: 

Sampling	using	thinning	(reject.	sampling)	+	inverse	sampling: 
Key	idea:	the	maximum	of	the	intensity									changes		
over	time	
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Summary	

Building	blocks	to	represent	different	dynamic	processes: 

Poisson	processes: 

Terminating	point	processes: 

Self-exciting	point	processes: 

Inhomogeneous	Poisson	processes: 
We	know	how	to	fit	them		

and	how	to	sample	from	them	



25 

1.	Intensity	function	
2.	Basic	building	blocks	

3.	Superposition	
4.	Marks	and	SDEs	with	jumps	

Representation:		
Temporal	Point	Processes	



Total	intensity	

Clustered	occurrence	affected	by	neighbors 

time Bob 

Christine time 

History 

History 

�⇤(t) = µb + µc
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Mutually	exciting	process	

Clustered	occurrence	affected	by	neighbors 

time Bob 

Christine time 

History 

History 
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Mutually	exciting	terminating	process	

Clustered	occurrence	affected	by	neighbors 

time Bob 

Christine time 

History 
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1.	Intensity	function	
2.	Basic	building	blocks	

3.	Superposition	
4.	Marks	and	SDEs	with	jumps	

Representation:		
Temporal	Point	Processes	
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Marked	temporal	point	processes	

Marked	temporal	point	process:		
A	random	process	whose	realization	consists	of	discrete	
marked	events	localized	in	time	 

t = T

History,	 

time 

time 
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Independent	identically	distributed	marks	

time 

t = T

Distribution	for	the	marks: 

Observations: 
1.   Marks	independent	of	the	temporal	dynamics	
2.   Independent	identically	distributed	(I.I.D.) 
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Dependent	marks:	SDEs	with	jumps	

t = T

Observations: 
1.   Marks	dependent	of	the	temporal	dynamics	
2.   Defined	for	all	values	of	t 

Marks	given	by	stochastic	differential	equation	with	jumps: 

Drift Event	influence 

History,	 

time 
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Dependent	marks:	distribution	+	SDE	with	jumps	

t = T

1.   Marks	dependent	on	the	temporal	dynamics	
2.   Distribution	represents	additional	source	of	uncertainty 

Distribution	for	the	marks: 

Event	influence Drift Observations: 

History,	 

time 
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Mutually	exciting	+	marks	

t = T

Neighbor	influence Drift 

Marks	affected	by	neighbors 

time 

Christine 

Bob 

t = T
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Marked	TPPs	as	stochastic	dynamical	systems	

It	gets	
infected 

Example:	 Susceptible-Infected-Susceptible	(SIS)	

It	recovers Susceptible Infected Susceptible 

SDE	with	jumps 

If	friends	are	infected,	higher	infection	
rate 

Node	is	susceptible 

Infection	
rate 

Recovery	
rate 

SDE	with	jumps 

Self-recovery	rate	when	
node	gets	infected 

If	node	recovers,		
rate	to	zero 

Rate	increases	if		
node	gets	treated 



Outline	of	the	Lecture	

1.	Intensity	function	
2.	Basic	building	blocks	
3.	Superposition	
4.	Marks	and	SDEs	with	jumps	

INTRO	TO	TEMPORAL	POINT	PROCESSES	(TPPS)	

APPLICATION:	CLUSTERING	EVENT	SEQUENCES	
1.	Problem	Statement	
2.	Introduction	to	DPMM	
3.	CRP	+	HP	(a.k.a.	HDHP)	
4.	Generative	process	


