
S
im

ulations in G
lobal H

ealth

●
M

achine learning (M
L) has a grow

ing role global 
health, enabling im

provem
ents in health service access 

and efficiency.

●
D

esign and im
plem

entation of public health 
interventions are assisted by epidem

iological m
odeling 

through com
puter sim

ulation.

●
M

ulti-m
odal intervention portfolios for endem

ic 
diseases have been studied, for exam

ple in m
alaria.

●
C
O
V
ID
-19 poses sim

ilar challenges in the context of a 
pandem

ic, for exam
ple m

odeling social distancing 
m

easures.

C
an w

e use novel M
L m

ethods from
 

sim
ulation-based inference and control to push 

existing boundaries?

Sim
ulation-B
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lobal H

ealth D
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M
odelling C

hallenges

Stochastic individual-based m
odels are significantly 

m
ore com

plex than traditional com
partm

ental m
odels. 

This leads to new
 challenges w

ith respect to:

●
M

odel calibration
The extent to w

hich a sim
ulator can reliably inform

 
real-w

orld prediction and planning is bounded by both 
m

odel discrepancy and how
 w

ell the m
odel has been 

calibrated to em
pirical data.

●
O

ptim
ising decision-m

aking
Identifying optim

al m
ultim

odal intervention strategies 
and corresponding risks and uncertainties requires 
searching through potentially vast param

eter spaces, 
w

hich, due to the com
putational cost of running large 

sim
ulators (e.g., in som

e epidem
iological studies), 

usually cannot be exhaustively evaluated.

S
im

ulation-B
ased Inference and C

ontrol

●
R

ecent advances in m
achine learning have led to a new

 fam
ily of prom

ising 
approaches to sim

ulation-based inference (S
B

I).

●
P

robabilistic program
m

ing allow
s one to express probability m

odels using 
com

puter code and perform
 statistical inference over the inputs and latent 

variables of the program
, conditioned on data observations (or constraints).

●
This is achieved by using special-purpose probabilistic program

m
ing languages 

(P
P

Ls), w
hich augm

ent a host language w
ith features to express probabilities and 

B
ayesian conditioning.

●
R

ecent w
ork m

ade it possible to use pre-existing stochastic sim
ulators as 

probabilistic program
s, w

ith m
inim

al code m
odification to capture and redirect 

random
 num

ber draw
s scaling up to very large sim

ulators, and particularly 
relevant to this w

ork, w
ith application to individual-based epidem

iology sim
ulators.

C
onclusions and O

utlook

●
S

B
I can benefit from

 a new
 set of tools: autom

ated 
am

ortization by surrogate m
ethods; source-to-source 

transform
ations to m

ake existing sim
ulators 

differentiable, enabling efficient gradient-based 
optim

isation and inference (e.g., H
M

C
); standardized 

inference interfaces to facilitate use by non-S
B

I experts.

●
W

e expect the m
entioned techniques to play a role in 

dealing w
ith com

m
unicable and non-com

m
unicable 

diseases, w
hich pose a significant burden for health 

system
s w

orldw
ide.
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C
ovidS

im
: A C

ase S
tudy

Traditional A
pproaches
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Latent probabilistic structure uncovered using P
yP

rob* probabilistic program
m

ing library from
 an Im

perial C
ollege London C

ovidS
im

 sim
ulator † run on M

alta, dem
onstrating the first step in 

w
orking w

ith this sim
ulator as a probabilistic program

. U
niform

 distributions are om
itted for sim

plicity. *https://github.com
/pyprob/pyprob †https://github.com

/m
rc-ide/covid-sim

/  

●
Inference in individual-based 
sim

ulators is usually doubly 
intractable, as both sim

ulator 
likelihood and evidence cannot be 
evaluated efficiently.

●
A

pproxim
ate B

ayesian 
com

putation (A
B

C
) is 

likelihood-free but suffers from
 

exponential scaling of inference 
w

ith data dim
ension

→
 requires dom

ain experts to 
define low

-dim
ensional sum

m
ary 

statistics


