
IBMPopSim: An R package for simulating Individual-Based Models

Sarah Kaakäı
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IBMPopSim

§ Provide a unified and user-friendly R framework for simulating

stochastic individual-based population models.

§ Many applications in biology, ecology, epidemiolgy, simulation of

human populations...

§ Large class of population models:

Including interactions between individuals.

Description of non-stationary phenomena (reduction of

mortality over time, shocks, ...).

§ Package IBMPoPSim available on CRAN

§ Documentation and examples:

https://daphnegiorgi.github.io/IBMPopSim/
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Simulation challenges

§ Large class of IBMs while staying user-friendly.

§ Low computational cost:

Efficient algorithm, adapted from Fournier and Méléard (2004), Tran

(2008).

Use of Rcpp,

Appropriate data structures.

§ Various outputs:

Age-pyramids, number of deaths, exposure-to-risk...
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The population

§ An individual I is characterized by date of birth τ and

characteristics x P X at a given time:

Gender, place of living, wealth, patch, strategy, infected, size ...

§ A population Zt at time t is a collection of individuals:

tpτi , x
i
t q ; i “ 1...Ntu, or tpait , x

i
t q “ pt ´ τi , x

i
t q ; i “ 1...Ntu.

Population composition is modified due to different types of events:

ë Describe how frequently events happens and how they modify the

population composition.

6



Events

The population composition can changes following 4 main types of

events:

§ Birth at time t An individual gives birth to a new individual pt, xnewt q.

§ Death/Exit An individual is removed from the population.

§ Change of characteristics (swap) An individual changes

characteristics from pτi , x
i
t q to pτi , yq.

§ Entry/“Immigration” An individual pτi , x
i
t q is added to the

population.
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Events rates (I)

Frequency of events are described by individual rates:

λepI , t,Z qdt » Ppevent e occuring to individual I P rt, t ` dts|Ftq.

The event intensity λe can depend on:

§ Age and characteristics of I .

§ The time t.

§ Interactions with other individuals in the population.
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Event rates (II)

For an event e, we consider event rates of form:

λpI , t,Z q “ f epI , tq `
ÿ

JPZ

UepI , J, tq

looooooomooooooon

Interaction kernel

§ Individual term

Age-dependent birth rate: λb
pI , tq “ bpaI ptq, tq.

Joint mortality forecast for socioeconomic subgroups, x “ i P J1; nK:

logpλd
pi , a, tqq “ αi

tau ` β
i
tauκttu, κn “ d ` κn´1 ` ξn.

§ Interaction term

SIR model: transition from susceptible to infected.

λs
pI , tq “

ÿ

JPZ

β1susceptiblepI q1infectedpJq

Competition between individuals (Tran (2008)): body size x0 ` ga.

λd
px0, a,Zq “

ÿ

px i0,a
i qPZ

Upx0 ` ga, x i
0 ` gai q, Upx , yq “ Cp1´

1

1` e´vpx´yq
q
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Global intensities

§ For an event e, the total event intensity is the sum of individual

intensities:
Λeptq “

ÿ

IPZt

λepI , t,Z q.

§ Particular case: Entry event with (inhomogeneous) Poisson intensity:

Λi ptq “ λt .

§ Total intensity: Λptq “
ÿ

e“b,d,s,i

Λeptq.

Simple example: λdpI , tq “ dpaI ptqq,

Λdptq “
ř

IPZt
dpaI ptqq “

ř

IPZt
dpt ´ τI q

Long computation time!
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Assumption on intensities

Individual event rate:

λepI , tq “ f epI , tq `
ÿ

JPZ

UepI , J, tq

looooooomooooooon

Interaction kernel

§ Individuals rates are assumed to be bounded:

Individual term: f epI , tq ď ē.

Interaction term: UepI , J, tq ď Ce .

§ Event rate bound e “ b, d , s:

epI , tq ď ē ` CeNt , Nt “ nb of individuals in the population.
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Acceptance/Rejection algo

§ Goal : Simulate pNepds, diqqe “ ppT
e
n , I

e
n qqe of intensity

epi , sq1tiďNsuds b di .

§ Befor the first event :

epi , sq1tiďN0u ď pē ` CeN0q1tiďN0u

§ Coupling Idea :

1 Simulate population pN̄eqe with more events, at times easy to

simulate.

2 Acceptance/rejection procedure.
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Algorithm without interactions

Consider a population with only births and deaths: Λptq ď pb̄ ` d̄qNt .

Step 1 Simulate a candidate event time T1 „ E
`

pb̄ ` d̄qN0

˘

.

Step 2 Choose individual I „ Upt1, . . . ,N0uq and event type e “ b or d : let

U „ Upr0, pb̄ ` d̄qN0sq

Step 3 Accept/reject event using θ „ Upr0, 1sq:

1 If θ ď
λe
pI ,T1q

ē
then: event e occurs to I at time T1.

Step 1 from T2 “ T1 ` E
`

pb̄ ` d̄qpN0 ˘ 1q
˘

2 Else, nothing happen at T1.

Step 1 from T2 “ T1 ` E
`

pb̄ ` d̄qN0

˘
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Algorithm with interactions

Λptq ď pb̄ ` d̄qNt ` pCd ` CbqN
2
t

Step 1 Candidate event time T1 „ E
`

pb̄ ` d̄qN0 ` pCd ` CbqN
2
0

˘

.

Step 2 Choose event type e and individual I :

Step 3 Accept/reject event with θ „ Upr0, 1sq.

1 If θ ď
λe
pI ,T1,ZT1q

CeN0
then: event e occurs to J at time T1.

2 Else, nothing happen at T1. BUT

λepI ,T1,ZT1q “
ÿ

JPZT1

UepI , J,T1q

Need information on all the population to compute individual rate ñ

high cost
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Interaction between two individuals

Idea See Ue as the interaction rate between two individuals taken at

random in the population

§ Step 3 becomes: Choose individual I and J at random and compute

interaction intensity UepI , J,T1q.

§ Accept/Reject :

1 If If θ ď
Ue
pI , J,T1q

Ce
then: event e occurs to I at time T1.

2 Else, nothing happen at T1.
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A word on data management

§ Removing someone from the population is costly but not picking

someone at random.

§ Idea Let “dead people” in the population and occasionally remove

all dead individuals.

§ Simple but very efficient : quadratic to linear simulation time (when

they are no interactions).

§ +Automatic parallelization when no interactions.
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Example
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Thank you!
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