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Part I
Methods to represent data as networks



8



9



10



11



12



13



14



15



16



17



18



Higher-order network
Representing higher -order dependencies in networks
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Higher-order network
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Fixed-order network

Rosvall et al. (Nature Comm. 2014)
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Variable orders in HON 

Fixed-order Variable-order

Assuming a fixed order 

beyond the second order 

becomes impractical 

because ñhigher-order 

Markov models are more 

complexòdue to 

combinatorial explosion

--- Rosvall et al. (Nature 

Comm. 2014)
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Variable orders in HON

Scalable for big data
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Compatible with existing tools

Conventionally: every node 

represents a single entity 

(location, state, etc.)

Now: break down nodes into 

higher-order nodes that carry 

different dependency relationships
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Only change the node labeling
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Takeaways

Higher-order network is:

More accurate in capturing dynamics in raw data.

More scalable than fixed-order networks.
3

Compatible with existing network algorithms.

Limitations:

Multiple parameters: maximum order & minimum support.

Costly to build for very high orders.



Higher-order network optimized revision
Parameter-free, scalable for arbitrarily high order
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HON construction workflow

Raw data

ÅSequential data

Rule 
extraction

ÅWhich nodes to 
split into higher-
order nodes, and 
how high the 
orders are

Network 
wiring

ÅConnect nodes 
representing 
different orders

HON

ÅUse HON like 
the conventional 
network for 
analyses
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1st order

2nd order

3rd order

4th order

5th order

Actual dependencies
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1st order

2nd order

3rd order

4th order

5th order

Actual dependencies

Storage cost
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1st order

2nd order

3rd order

4th order

5th order

Actual dependencies
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Storage cost
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Takeaways

HONOR is:

Parameter-free version of HON.

More scalable for big data

Supports arbitrarily high order.

Lazy evaluation reduces actual search space.
3



HONVis
Visualization & interactive exploration software
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HoNVis framework
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HoNVis framework
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HoNVis framework
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HoNVis interface
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Visualization & interactive exploration
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Takeaways

HONVis is:

The first visualization software for HON.

Facilitates interactive explorations.
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Overview



Part II
Insights in real -world applications



Species invasion network
Non-indigenous species risk assessment & 
prediction framework (NIS -RAPS)
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Invasive species

Zebra mussels @ Great Lakes

Clogging water pipes, attach to boats

Photos: Great Lakes Environmental Research Lab; TIME & LIFE Images, Getty Images

$120 billion / year

damage & control costs
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Ship-borne species invasion

Picture from GloBallast Programme 2002
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Ship-borne species invasion

Picture from GloBallast Programme 2002
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* Invasion risk estimation inspired by Seebens et al. (2013)
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* Clustering uses MapEquation by Rosvall et al. (2008)
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* Clustering uses MapEquation by Rosvall et al. (2008)
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Takeaways

NIS-RAPS:

Integrates multiple sources of data.

A network approach for invasive species modeling.

Provides insights to inform policy makers.



Shipping network construction
How does network construction choices 
influence network properties and analysis results?
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