
The metamodelling problem

Alaa et.al, 2019

Stefani Sotomayor, Dimitri Perrin, Raja Jurdak

20
20

 W
iM

L 
W

or
ks

ho
p 

at
 N

eu
rIP

S 
Co

nf
er

en
ce

Centre for Data Science
Trusted Networks Lab

School of Computer Science
Queensland University of Technology

stefani.sotomayor@hdr.qut.edu.au
Motivation

Input data

Multi-region Recurrent Neural Networks (mRNNs)

Classical Models for Infectious Disease Transmission

Capture a detailed description of a pandemic spread 
using real spatiotemporal data for evaluating and 
testing different policy scenarios.
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Proposed GNN+mRNN framework
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Symbolic Metamodelling
g (x) = G(x, θ*)

θ* = arg minθ∈Θ ℓ( f(x), g (x))

Time
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Census Data Distribution
Age, male, female,

education, marital status,
cultural and language diversity

religious affiliations,

Employment type (paid, unpaid work), hours, 
occupation, industry

Family composition, Travel to work,

dwelling structure
motor vehicles

Mobility Data
Public transit 
traveller data:

Health Data
People 
pre-existing 
health condition 
(e.g. per age, 
suburbs)
Hospital visits

Postcode 
locations

Industry Data

Labor Force 
Surveys

postcode locations,

A metamodel equation of the proposed GNN+mRNN model that 
integrates multiple, time-series spreading rate results (e.g. per age, 
health condition, mobility) which is capable of explaining the 
transmission dependency between descriptors.

A sequence modelling that temporally integrates the GNN learnt 
representations using multi-region recurrent neural network (mRNN).

A bipartite based GNN model (H-DCPNb) that captures the 
transmission spread dynamics across (i) individuals and (ii) facilities 
with granularity descriptors (e.g. health condition, age, mobility).

USA Influenza spread simulation: 
Red & grey: 
infected & susceptible 
population

 Computationally expensive Stochastic models Hand-crafted parametersf(x1)

Ferguson et.al, 2006

A GNN+mRNN based metamodel for 
Pandemic Transmission Dynamics

MODELLING PANDEMIC TRANSMISSION DYNAMICS FOR DECISION MAKING AND POLICY RESPONSE
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Graph Neural Networks (GNNs)

Expressivity InvarianceGeneralisation

Garg et al., 2020 

Powerful representation learning 
of complex structured data

f(x1)

Hierarchical Directional Message Passing Consistent Port Numbering 
Network (H-DCPN): 
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Geometric features effects

DimeNet aggregation 
scheme

Klicpera et.al, 2020 Port numbering
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Spatial learning in GNNs:

Rajan et al., 2016

High fidelity learning of 
chaotic dynamics in 
continuous time

Data-driven RNN model 
based on experimentally-
recorded data

f(x1)

Mathematical model:

Capabilities:

Our approach

passenger card ID, vehicle unit, 
time/location get in/out the unit

Time-series outputs (y)

Metamodel: g (x)

y = f(x)Model: 

Structured, time-series input data (x)

Our main contributions
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