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malariacontrol.net: 

Computing resource for malaria modeling projects at the
Swiss Tropical and Public Health Institute since 2005

July 2003: Mathematical modeling of the impact of malaria vaccines 
on the clinical epidemiology and natural history of Plasmodium 
falciparum malaria

June 2006: Simulation modeling of the epidemiological impact and
cost-effectiveness of malaria interventions

March 2009: A stochastic simulation platform for predicting the 
effects of different malaria intervention strategies
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Development of the modeling project since 2003

Malaria has received more attention in recent years

Diversification of research questions

From pre-erythrocytic vaccines to integrated control 
programs

From malaria control to elimination

More emphasis on uncertainty analysis

Taking into account new scientific findings
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Development of the modeling project since 2003

Model development and implementation

Interdisciplinary research team

Increasing number of end-users

Increasing demand for computing power
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Recent focus (computing)

Simulator software design and extension

Parameter estimation

Computing platform for design and analysis of simulation
experiments
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Model uncertainty

How wrong is this model

Does it matter?

Plug-in model components based on different assumptions

Towards model ensembles
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Original implementation

Core model in Fortran

Somewhat modular implementation of sub-models

Increasingly difficult to extend and maintain

Port to C++

Definition of clean interfaces between modules

Extension with alternative model components
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Module overview of simulator

Malaria infection of 
the human

Infectivity to 
vectors

Clinical Scheduler 

Entomology & 
transmission 

model

Drug Action
• PK/PD 

Severe 
Outcomes

• Malaria Mortality

• Sequelae

• Recovery

Pathogenesis
•Uncomplicated malaria

•Severe malaria

•Non-malaria fever

•Indirect mortality

Within-host model

Clinical decisions 
• Care-seeking, testing and 
treatment decisions
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IRS

IRS & MSTBV

Years since start of program

• Simulated population
of 1000 people
– 15 

models/parameterisations

– 10 seeds for each

• IRS, 
– 95% coverage, 

– 1 round each of 1st 3 years

• MSTBV, 
– 90% efficacy, 

– 10 year half-life of effect, 

– 95% coverage, 

– 1 dose at year 3. 

• Imported infections:
– 2.9/1000 hosts per annum

– evenly spread over the year

Combination of mosquito stage transmission blocking vaccines
with indoor residual spraying
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Estimating model parameters 
from field data

Measured input data

Observed outcomes

Measure of goodness 

of fit
Resample
parameters
(Optimization
algorithm)

Proposal for model 
parameterization

Predicted outcomes

Convergence
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Challenge of fitting these models

Objective functions non-differentiable 

Loss function values are not reproducible because of 
stochasticity

High-dimensional parameter space

Computationally expensive

Takes a long time
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Potential to reduce time-to-convergence (wall time)?

Characteristics of the volunteer computing platform

Latency/Unpredictability/Validation overhead

Return on in investment in scale-up

Choice of optimization algorithm

Recently more interest in massively parallel asynchronous 
optimization 
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BOINC scheduler improvements

Reliable host scheduling

Significantly reduces latency

Adaptive replication for validation

Significantly increases throughput
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Convergence rate (wall time) by investement
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Active recruitment of volunteers

Progress Through 
Processors

Facebook application 
developed by 
gridrepublic.org, 
sponsored by Intel

15‘000 new users
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Alternative optimization algorithms

Travis Desell et al., milkyway@home:

Asynchronous Global Optimization for Massive-Scale 
Computing. PhD thesis, Rensselaer Polytechnic Institute, 
December 2009
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Outlook

Performance optimiziation

Memory

GPUs/Multicore

Computing platform/User interface


