
Introduction to Time in Networks

Michele Berlingerio



Why studying time in networks?

● It’s everywhere
● Evolving social networks
● Information diffusion in networks
● Spread of viruses
● Performed tasks in workflows
● Folding of proteins
● Chemical reactions
…



Why studying time in networks?

● It’s difficult to model
● From simple temporal dependencies A -> B ..
● ..to temporal annotations A(2003) -> B(2004)
● ..to recurring events A(t) -> B(t+1) -> A(t+2) 

-> B(t+3) -> .. -> A(t+2k) -> B(t+ 2k+1) -> ..
● ..to intervals of time A –[0 , 5]->B –[ 2 , 25] -> C
● .. to recurring intervals of time …
…

Thus: it’s both interesting and difficult to mine!



Time in networks: possible scenarios
● Action

● Users perform tasks individually
● Users perform tasks jointly
● Users exchange information
● Web pages get updated

● Evolution
● New users join the communities
● Users connect to other users
● Users quit the communities
● Global network statistics change

● The two may coexist!
● Online social networks
● The Web
● Internet
● …



Time in networks: possible analyses

● Analyze global statistics
● Analyze local statistics
● Mine the information propagation
● Mine frequent evolution patterns
● Model an action log with a temporally 

annotated graph
● …



A few examples
● Information propagation

Leskovec et al., 2005: The Dynamics of Viral 
marketing

● Viral Marketing studied with statistical approaches
● 4 millions of people in a recommendation network
● Decreasing influence with repeated interactions
● But increasing with the number of 

recommendations



A few examples

● Workflow Mining
Hwang et. al, 2002: On the discovery of process models 

from their instances
● Directed graphs to model workflows
● Temporal dependencies between tasks
● Overlapping tasks
● Disjointed activities



A few examples

● Network evolution

Sun et al., 2007: Graphscope: parameter-free 
mining of large time-evolving graphs

● Discovery of communities in dynamic networks
● MDL principle
● Parameter-free framework
● Clusters, no exact patterns found



Let's focus on Information Diffusion

Next slides by Jure Leskovec


































































