We show how to automatically transform any existing population-based

simulator into a probabilistic program, without re-writing the simulator,

enabling the simulator to be analysed for interpretable inference.
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Background

o Simulators arise in a number of industrial and scientific
domains, encoding sophisticated generative models.

o Probabilistic programming provides a way to perform
statistical inference over simulations of events in a
programmatic way.

o Thus, by design, simulators are ideal programs for probabilistic
programming.

o However, within existing probabilistic programming systems
(PPSs) one would have to re-implement the simulator via the
PPS language specification, which is inefficient and often not
feasible due to the complexity of such scientific and industrial
simulators.

o Recent work by Baydin et al. demonstrated a pathway to turn a

narticular type of event-based simulator into a probabilistic

orogram, without having to re-implement the simulator in the
existing probabilistic programming systems (PPS).

o But, this still meant that a large class of critically important

nopulation-based simulators could not be turned into

orobabilistic programs and as such could not be used within a

orobabilistic programming framework.

What we do

o Inthis work, we extend that framework to encompass

population-based simulators, a very large class of simulators
that are used extensively across epidemiology, multi-agent and
financial modeling.

o We demonstrate how we can extract interpretable outcomes
from that, which can then be used by decision makers in the
fight against Malaria.

Interpretability: What does this mean?

Address ID Full address

Al [forward()+0x204; OM::Simulator::
start(scnXml::Monitoring const)+0x28a;
OM::Population::createInitialHumans()+0x94:
OM::Population::newHuman(OM::SimTime )+0x5c;
OM::Host::Human::Human(OM::SimTime }+0x12b;
OM::WithinHost:: WHInterface::
create WithinHostModel(double)+0x99;
OM::WithinHost::Descriptive WithinHostModel
::DescriptiveWithinHostModel(double ))+0x3a:
OM::WithinHost:: WHFalciparum::
WHFalciparum(double )+0xe6:

OM::util::random::
gauss(double, double)+0xb4]__Normal

_>
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An example of an address generated for the model run in
the OpenMalaria simulator. We can see that Al relates to
Generating a member of the human population who may
or may not be infect with the Malaria disease. We get
something similar for EMOD, except this relates to A7 in
the EMOD program execution.
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Address ID Interpretation

Al Generate a human in the

population within host dynamics
A2 Generate another human in

the population within host dynamics
A3 The population is updated and

a new human, or humans, may get infected

A4, A5 Potential child deaths
within the population are simulated
A6 Determines parasite density
of an individual infection
A7 Models how the disease is
progressing within the infected humans
A8 Models how the disease is
progressing within the population
A9 Models how the disease is
progressing within the infected humans
after the population has been updated
AlO Full clinical update on

the population for those without severe
or no Malaria infection.

All Full clinical update on the population
for those with severe Malaria infections

An interpretation table for each of the address of
the overall trace generated from the corresponding
forward run of OpenMalaria model.
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How does it work?

Simulator System
E.g Open Malaria

Specify Model
E.g. XML file
P(x)

PPS Hijacks

Execute Simulator RNG

Output

Observations, or Collected

Data

Take a picture to

download the full paper

PPS Performs Inference

Redefine RNG to

make externally callable
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