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Lectures for Part Il

Five lectures on fundamentals

— Marked temporal Point Processes *8 ¢ ®

— Optimal control a/\{/
Reinforcement learning @ -__

Five lectures on applications

~o Viral
marketing
“11 Opinion wiid Information 5, Human
“ % mining L rts integrity learning -




Evaluation for Part Il

Paper reviewing assignments:

— Only for lectures on applications
— Due just before the lecture

Two coding assignments:

— Information propagation
From Dec 20 to Jan 17

— Viral marketing
From Jan 24 to Feb 5

Final exam: On Feb 7 (review on Feb 5)
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Many discrete events in continuous time
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Variety of processes behind these events

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

Article creation

\ Stock |
- i, Flu in Wikipedia

¢ trading &9 (hreading
News spread in @ Reviews and

Twitter sales in Amazon
E Ride-sharing A user’s reputation
requests in Quora
FAST
= )

...in @ wide range of temporal scales. .



Example I: Information propagation

Smeans D Christine ‘
D follows S
3.00pm /il

3.25pm

Beth
3.27pm

Friggeri et al., 2014

They can have an impact theguardian
in the off-line world Click and elect: how fake news helped 7

Donald Trump win a real election



Example IlI: Knowledge creation

o Barack Obama 03:21, 20 September 2016

/ A7 28
= ‘ From Wikipedia, the free encyclopedia
i Q "Barack" and "Obama" redirect here. For his father, see Barack Obama Sr. For other uses of "Barack", see Barack (disambiguation).

9
\/‘ ‘A (disambiguation).
N \

R 4 =i Barack Obama: Revision history Is a|Kenyanpolitician g

= continental United States. Bo
7

was president of the Harvard - (03:41, 28 November 2016 Ranze (talk | contribs) . . (301,105 bytes) (+18) .. (E

civil rights attorney and taugh

N\ :_,)“ \
WIKIPEDI A represeniing the 13t Disvict 03:32, 28 November 2016 Xin Deui (talk | contribs) . . (301,087 bytes) (-68) . . ( X i pOSSible Vanda[ism by M[_ M20 1 6

h

States House of Representat

Die freie Enzyklopadie 00:57, 28 November 2016 SporkBot (talk | contribs) m . . (301,155 bytes) (-37)
07:03, 27 November 2016 Saiph121 (talk | contribs) . . (301,192 bytes) (+25) .

is an American politician
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I worked an Internai l | vote 150
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What are the pros and cons of living in Australia? - "~

Possible Challenges
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Example lll: Human learning

"~ .
« lstyear computer science student

| Introduction to programming

Discrete math St3
C
| Project presentation ko

Set the@
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functions

Powerpoint
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templates

Plot
library

Class
destructor




Detailed event traces
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Pique-Longue, French Pyrenees
Easter 2017

Warren Buffett
"

Warren is in the house.
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Detailed event traces

DETAILED TRACES OF ACTIVITY

1

1

1

1
g Warren Buffett E _ qu Manuel Gomez Rodriguez
174 1

' Pique-L. French Pyrenees

Warren is in the house. ! Easter2017

The availability of event traces
boosts a new generation of
data-driven models and algorithms

11



Aren’t these event traces just time series?

t

trrrrrerILY ot r M

| I I
E/‘\/\I | °
L ? L
| |t I | t,
| I I
Discrete and continuous Discrete events in
times series continuous time

How long is each epoch?
What about aggregating How to aggregate events per epoch?

° ? —
events in epochs: What if no event in one epoch?

| ' What about time-related queries?

i L u

'"Epoch 1'Epoch 2" Epoch 3 ' ¢




Aren’t these event traces just time series?
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The framework of
temporal point processes

provides a native representation
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Temporal Point Processes:
Intensity function

14



Temporal point processes

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

Discrete events

/N

t1 to t3 t t=1T

-~ N(t)e{0}U Z*+ i

History, () dN(t) €{0,1}  Dirac delta function

¥ \
Formally: N(t) = fot dN(s) By dN(t) = Z o(t —t;)dt
t;€EH(t)



Model time as a random variable

density
Prob. between [t t+dt) f* = f(t|H(?))
| |
| |
~ : T T V(\ : time
- _ —
t t+ dt =T
\ J S*(t)
|

Prob. not before t

History, 7 (¢)

Likelihood of a timeline:  f*(¢1) f*(¢t2) f*(t3) f*(t) S*(T) 16



Problems of density parametrization (l)

Fe) o) e o S
| f {
, |
o 1T T 1 1 '
“ I — time
i1 to t3 t t="1T
exp(w, l/J (t1)) / exp(w, P*(t3)) j exp(w, " (T))
exp(w, 1/) (t2)) Z exp(w, " (t)) t Z
YA

It is difficult for model design and interpretability:

1. Densities need to integrate to 1 (i.e., partition function)

2. Difficult to combine timelines "



Problems of density parametrization (ll)

Difficult to combine timelines:

, 1 (@)
a . .
@ ! ? ? 9 ? , time
| + f2* (t)
i ? ? ? ? : time
()

P ?7? 27?7 %9

1) K £+ £
Sum of random processes » 18

) K @) * £




Intensity function

density
Prob. between [t t+dt) f*( ) f(t‘H(t))

» :
«® : T T V(\ : , time
tt+dt t=T
\ ' J b S*(th
History, H(t) Prob. not before t
Intensity:
Probability between [t, t+dt) but not before t
) £*(t)dt
A (t)dt = > >0 = \*(t)dt=E[dN#)|H(®)]

Observation: \* (t) It is a rate = # of events / unit of time 19



Advantages of intensity parametrization (l)

f*

|(t1)f
D . 1
i1

“(t2) f7(t3) f*ft) .
B
to ts3 t

A" (1) A" (t2) A*(t3) A*(¢) exp ( /O ) \*(7) dT)

/"
(W; ¢*(t1)) (W; ¢I(t3)) \T
(Wr ¢*(t2)> (W, ¢*(t)> exp (_ jo <W) ¢*(T))dT>

Suitable for model design and interpretable:

1. Intensities only need to be nonnegative
2. Easy to combine timelines 20



Advantages of intensity parametrization (ll)

Easy to combine timeline:

o B B

=
B S B K

X0
7?77 ??? ?°

N(1) = M) + XtV
Sum of random processes » " X @ @ 21
NOE CHOR M




Relation between *, F*, S*, A*

A*(t) exp ( f;_lx\*('r) dT)

@ @ Central quantity
we will use!
exp | — ft A*(7) dT)

22



