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Twitter: Network + Time-series of Tweets
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Time

Syria Strike Puts U.S. 
Relationship With Russia at Risk

CDC issues historic travel warning 
over Zika in Miami

Trump to ‘Free NASA’ and 
Set Sights on Further Space 
Exploration

Russia and Iran Warn 
U.S. ‘Crossed Red Lines 
by Attacking Syria’

Zika: CDC Warns Pregnant 
Women to Avoid Travel to Miami

Trump Signs Bill Securing NASA 
Funding, Plans to Reach Mars

Leonardo DiCaprio: We Can’t 
Elect a Candidate Who Doesn’t 
Believe in Climate Change

Russia denies bombing 
U.S.-backed Syrian rebels

The Most Vulnerable NASA Missions 
Under Trump

Watch National Geographic’s stunning 
climate-change documentary starring 
Leonardo DiCaprio
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Mixture of Conversations (Twitter) : Topic interactions
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Syria Strike Puts U.S. 
Relationship With Russia at Risk

CDC issues historic travel warning 
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Trump to ‘Free NASA’ and Set 
Sights on Further Space 
Exploration

Russia and Iran Warn 
U.S. ‘Crossed Red Lines 
by Attacking Syria’

Zika: CDC Warns Pregnant 
Women to Avoid Travel to Miami

Trump Signs Bill Securing NASA 
Funding, Plans to Reach Mars

Leonardo DiCaprio: We Can’t 
Elect a Candidate Who Doesn’t 
Believe in Climate Change

Russia denies bombing 
U.S.-backed Syrian rebels

The Most Vulnerable NASA Missions 
Under Trump

Watch National Geographic’s stunning 
climate-change documentary starring 
Leonardo DiCaprio
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Cascades (Separate Conversations)

T1

T2

T3

parent(T2) = T1

parent(T3) = T1

Syria Strike Puts U.S. 
Relationship With Russia at Risk

Russia and Iran Warn U.S. 
‘Crossed Red Lines by 
Attacking Syria’

Russia denies bombing 
U.S.-backed Syrian rebels

Trump to ‘Free NASA’ and Set Sights 
on Further Space Exploration

Trump Signs Bill Securing NASA 
Funding, Plans to Reach Mars

The Most Vulnerable NASA 
Missions Under Trump T3

parent(T3) = T2

T2

parent(T2) = T1

T1

Just separate this conversations out!!!
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Marked Temporal Point Process (MTPP)

Time
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Marked Temporal Point Process (MTPP)

Image Source: Deep Reinforcement Learning of Marked Temporal Point Processes, 2019, Abir et al.
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u

w

v

(t1,u,-1)

(t2,w,1)

(t3,v,2)

(t3,u,3)

(t4,v,4) (t6,v,4)

(t5,w,4)

Multivariate Hawkes Process (HMHP, HTM, NetHawkes)

For each event, topics are sampled later independently of the time-stamps
Topics are not Marks: Modeling Cascades
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Likelihood MTPP
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Unified Model
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u,k

w,m

v,l

(t1,u,k,-1)

(t2,w,m,1)

(t3,v,l,2)

(t3,u,k,3)

(t4,v,l,4) (t6,v,l,4)

(t5,w,m,4)

Unified Marked Multivariate Hawkes Process

For each event, topics come along with the time-stamps
Topics are not Marks: Modeling Cascades



HMHP Model v/s Unified Model
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U1

U2

U3

U4

T1

T2

T3

U1,T1

U3,T1

U1,T2 U1,T3

U3,T2 U3,T3

A[u,v]*T[k,m]A

T

HMHP Unified Model
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HMHP Model v/s Unified Model
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U1

U2

U3

U4

T1

T2

T3

U1,T1

U3,T1

U1,T2 U1,T3

U3,T2 U3,T3

0.35

0.010.58 0.27

0.9

0.620.03

A

T

A[u,v]*T[k,m]

HMHP Unified Model
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Likelihood Unified MTPP

Recall:

Topics are not Marks: Modeling Cascades
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HMHP (HTM, NetHawkes) Unified Model

Intensity Function(each user node) (a user-topic pair)

Base Rate

Impulse Response

v

HMHP Model (HTM, NetHawkes) v/s Unified Model

u v u,k v,k’

v,k

v,kv
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Unified Model Inference

● User-user weights and topic-topic weights are now coupled → lack of conjugacy 
property, implying that both the set of weights need to be actually sampled 

● Interestingly, Gibbs sampling is still efficient as they are both follow conditional Gamma 
distributions

●   This coupling in fact, allows the flow of evidence between two user-topic tuple pairs, 
this is expected to be useful for user pairs or topic pairs between which the data is 
scarcer



Topics are not Marks: Modeling Cascades

Inference Tasks
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● User Temporal Dynamics 
● Preferred topics of each user
● Network Strengths (user-user influence)

0.25
0.78

0.01
0.89

0.48
0.25

0.32

0.28
0.02

0.01

0.43

0.09

● Topics
● Topical Interactions
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HMHP (HTM, NetHawkes) Unified Model

Base Rate Inference

Influence Inference

HMHP Model (HTM, NetHawkes) v/s Unified Model

Note: There is no base rate associated with 
the topics

Note: Topic-Topic interaction is integrated out in 
HMHP because of conjugacy

Topics are not Marks: Modeling Cascades
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Experiments & Results: Simulated data

Topics are not Marks: Modeling Cascades

User graph:
- Top 50 authors from High energy Physics
- Edge weights generated using a Gamma

Topic graph
- Erdos-Renyi graph with 10 nodes and edge prob = 0.5
- Edge weights generated using Gamma (scale parameter proportional to 

distance in original graph

Topic-word distributions: Dirichlet

Data generated using the Unified model with above parameters

Tasks:
- Reconstructing the parameters
- Generalization, i.e. likelihood on test data



Experiments & Results: Simulated data

Topic evaluation results 

Parent identification results



Summary and Future Work

Proposed a new model for modeling information cascades on networks, general enough to 
incorporate number of previous models

Critical step is joint modeling of topical and temporal information-- topics treated at par with 
users

Interesting use cases on the way-- when we decide what is observable and what is not !

Joint modeling allows information to flow across user-topic pairs

Initial experiments on simulated data show better performance when compared to related 
models

Full version under review
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Thank You


