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* Infectious disease spread as a complex system

* Challenges of current modeling efforts

A data-driven approach, utilizing dynamic mode

decomposition (DMD) for infectious disease data fymm.|

* DMD with control = -y Ff
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Global Burden of Infectious Diseases

~10 million people/year die from an infectious
disease, many deaths are preventable

Malaria, Polio, Tuberculosis, HIV/AIDS, Influenza, Measles, etc

Scanning Fleciron Microgmap «
Mycobacianum lubarculous
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Complexity of infectious disease spread
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Complexity of infectious disease spread

f Complex system

*  Multi-Scale

*+ Spatial Heterogeneity
* Nonlinear effects

* Stochastic Effects

* Temporal dynamics
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Global Eradication
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Complexity of infectious disease spread

&ontrol Input\

Vaccinations ol 3
Nonlinear effects
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Case versus infection ratio

-

Case Detection
through paralysis

* Sparse data — paralytic cases, not
infections detected (few environmental
samples)

History of case data with
some metadata (age,
location, etc)

& globalgood




Experiments

MNumencal Hmstorcal

State Snapshots Data Matrices
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What we really want is a method for understanding how these data snapshots are
reiated in time.
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The Dynamic Mode Decomposition of the measurement pair X and X' is the
eigendecomposition of the operator A defined by the following

A=XX

where | is the pseudo inverse of X. The dynamic modes and eigenvalues are the
eigenvalues and vectors of A

High-dimensional, complex systems®4 />

Equation-free operating on solely snapshot data’# />

Actively being developed in the fluid dynamics community*4/=¢

A method for analyzing data from nonlinear systems (Koopman Operator theory)®’®
The architecture easily lends itself to “sparsifying” techniques (more to come later) 34
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DMD for infectious disease data

Dynamic Mode Decompaosition (DMD)

Find the dynamic properties of A by solving: A XX

SVD and Truncation Eigenvalue Spectrum
X ~UZV? A=UXVZ!
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DMD on infectious disease data

Google Flu Trend data in the United States Phase of Dynamic Mode
" for yearly eigenvalue
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DMD on infectious disease data

Phase of Dynamic Mode
Measles cases from pre=vaccinaﬁon United Kingdom for yearly eigenvalue
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Magnitude of Dynamic Mode
for eigenvalue of f = 1.2

DMD on infectious disease data

Type 1 Polio cases from Nigeria
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Lessons learned from dynamic modes

* Phase information of individual frequency components
- useful for planning annual resource allocation of vaccines,
- surveillance and monitoring teams,
- timing of interventions

» Epidemiological connectedness of spatial locations
- helps with design of mop-up campaigns
- surveillance planning
- decreases complexity of numerical models
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DMD with control — the method

Tne Dynamic Mode Decomposition with control of the measurement tno X. T ang
X' is the eigendecomposilion of the operatar A delined by the following

G =X11
X
A\ B X
T
where 13 the pseudo inverse of X. The dynamic modes ana sigenvalues are the

eigenvalues and vectors of A. The impact of control on the system is discovered by the
operator B,

* Analysis tool for systems with exogenous input,
* Disambiguates the inherent dynamics from the effect of input
* Defines a notion of input and output space

* Discovers a “best-fit" operator B describing the impact of input on
the system

* The operator B will now offer an Iinteresting perspective on these
complex systems
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A numerrcal Example

T A
= O

Imagi

0.96 98 1 1.02

A numerical example of a five mode system chosen in the fourier domain
with oscillatory dynamics. Spatial domain shown on the Torus.
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Next Steps:

* Apply DMD with control on
data from Nigeria and
Pakistan

* Suppiementary
Immunization Activities
(SIAs)

How will the B matrix
Inform future control efforts

WPV 1 monthly onset, with targeted SIAs 2008 - 2015

as at week 8, 2015
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Connections to system identification methods

* In limiting cases, DMD is similar to the

Eigensystem realization algorithm*+- System Identication
* |n limiting cases, DMD with control is similar to Spectty INQUL control Sequence
the Observer Kalman Identification (OKID)44 - m
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