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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:
o Including interactions between individuals.
o Description of non-stationary phenomena (reduction of

mortality over time, shocks, ...).

> Package IBMPoPSim available on CRAN

» Documentation and examples:

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


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

Simulation challenges

> Large class of IBMs while staying user-friendly.
> Low computational cost:
o Efficient algorithm, adapted from Fournier and Méléard (2004), Tran
(2008).
o Use of Repp,
o Appropriate data structures.
» Various outputs:

o Age-pyramids, number of deaths, exposure-to-risk...
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Algorithm



Population model



The population

> An individual / is characterized by date of birth 7 and
characteristics x € X' at a given time:

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

» A population Z; at time t is a collection of individuals:

{(T,',X;) pi=1..N}, or {(ai,x{) = (t— T,',XZ:) v =1..N¢}.

Population composition is modified due to different types of events:
L, Describe how frequently events happens and how they modify the

population composition.



The population composition can changes following 4 main types of

events:

» Birth at time t An individual gives birth to a new individual (t, x*").

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

» Change of characteristics (swap) An individual changes
characteristics from (7, x!) to (7;,y).

> Entry/“Immigration” An individual (77, x/) is added to the

population.



Events rates (I)

Frequency of events are described by individual rates:

Aé(1,t, Z)dt ~ P(event e occuring to individual | € [t, t + dt]|F;).

The event intensity A® can depend on:
» Age and characteristics of /.
» The time t.

> Interactions with other individuals in the population.



Event rates (II)

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

M1 t,Z) = F(1,t) + > U%(1,J,t)
JezZ

Interaction kernel



Event rates (II)

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

Ne(1,,Z) = F(1,8) + > US(1, J, t)
JezZ
Interaction kernel

» Individual term
o Age-dependent birth rate: A°(/,t) = b(a(t), t).

o Joint mortality forecast for socioeconomic subgroups, x = i € [1; n]:

|0g()\d(i7 a, t)) = Oé[aj + ﬁ(ajlﬁm, Kn =d + Kn—1 + &n.



Event rates (II)

For an event e, we consider event rates of form:
Xe(1,1,Z) = F(l,8) + > US(1,J,t)
JeZ

Interaction kernel

» Individual term
o Age-dependent birth rate: \°(/, t) = b(a;(t), t).

o Joint mortality forecast for socioeconomic subgroups, x = i € [1; n]:

IOg()‘d(i7 a, t)) = O‘[a] + B{a]’ﬂt]y kn =d + kn—1 + &
> Interaction term
o SIR model: transition from susceptible to infected.
)\S(I; t) = Z ﬁlsusceptible(l)linfected (J)
Jez

o Competition between individuals (Tran (2008)): body size xp + ga.

i i 1
X(x0,3,2)= ), Ulo+gax+egd), U(X»Y):C(l—m)

(xé,ai)eZ 9



Global intensities

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

intensities:
Ne(t) = Y x°(1,t,2).

leZ:

» Particular case: Entry event with (inhomogeneous) Poisson intensity:
/\’(t) = At'

» Total intensity: A(t) = Z NE(t).

e=b,d,s,i
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Global intensities

» For an event e, the total event intensity is the sum of individual
intensities:
Ne(t) = Y x°(1,t,2).
leZ:
» Particular case: Entry event with (inhomogeneous) Poisson intensity:
/\’(t) = At'

» Total intensity: A(t) = Z NE(t).
e=b,d,s,i

Simple example: \9(/,t) = d(a(t)),
N(t) = ez, d(ai(t)) = Xz, d(t —7)

Long computation time!
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Algorithm
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Assumption on intensities

Individual event rate:

Ne(1,t) = Fo(l, )+ > US(], J, )

JeZ
———————

Interaction kernel
» Individuals rates are assumed to be bounded:

o Individual term:  f¢(/,t) < &.

o Interaction term:  U¢(/,J,t) < Ce.
> Event rate bound e = b, d,s:

e(l,t) <&+ C.N;, N;=nb of individuals in the population.
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Acceptance/Rejection algo

» Goal : Simulate (N¢(ds, di))e = ((T£,1%))e of intensity
e(i,s)lii<n, 1 ds ® di.

> Befor the first event :
e(i, 5)1{,‘<N0} < (é-f— CeNO)]-{isNo}

> Coupling Idea :
Simulate population (N¢). with more events, at times easy to
simulate.

Acceptance/rejection procedure.
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Algorithm without interactions

Consider a population with only births and deaths: A(t) < (b + d)N,.
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Algorithm without interactions

Consider a population with only births and deaths: A(t) < (b + d)N,.
Step 1 Simulate a candidate event time T ~ & ((b+ d)Np).
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Algorithm without interactions

Consider a population with only births and deaths: A(t) < (b + d)N,.
Step 1 Simulate a candidate event time Ty ~ & ((b +d) No)

Step 2 Choose individual | ~U({1,..., Np}) and event type e = b or d: let
U~ U([0, (b + d) No])

Death event Birth event

|
[
0 Y an v (

53
+ 1
)

Ny
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Algorithm without interactions

Consider a population with only births and deaths: A(t) < (b + d)N,.
Step 1 Simulate a candidate event time Ty ~ & ((b +d) No)
Step 2 Choose individual | ~U({1,..., Np}) and event type e = b or d: let
U~ U([0, (b + d)No])
Death event Birth event

0 Y an v (

Step 3 Accept/reject event using 6 ~ U([0,1]):

53
+ 1
)

Ny

o< 20 T1)

z then: event e occurs to | at time T;.
Step 1 from T, = T1 + & (b + d)(No + 1))

Else, nothing happen at T;.
Step 1 from T, = T1 + & ((b + d)No)
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Algorithm with interactions

A(t) < (b+ d)N; + (Cyq + Cp)N?
Step 1 Candidate event time Ty ~ & (b + d)No + (Cy + C») N3).

Step 2 Choose event type e and individual [ :

Death event Birth event

0 U an+oun U (b+ o + (Cy + Ca)NE

Step 3 Accept/reject event with § ~ U/([0, 1]).
X1, Ty, Z1y)
elVo

Else, nothing happen at T;. BUT

If 0 < then: event e occurs to J at time T;.
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Algorithm with interactions

A(t) < (b+ d)N; + (Cyq + Cp)N?
Step 1 Candidate event time Ty ~ & (b + d)No + (Cy + C») N3).

Step 2 Choose event type e and individual [ :

Death event Birth event

0 U an+oun U (b+ o + (Cy + Ca)NE

Step 3 Accept/reject event with § ~ U/([0, 1]).
X1, Ty, Z1y)
elVo

Else, nothing happen at T;. BUT

If 0 < then: event e occurs to J at time T;.

N(1, T, Zr) = ), UL, Th)
JGZT1

Need information on all the population to compute individual rate =
high cost
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Interaction between two individuals

Idea See U°€ as the interaction rate between two individuals taken at
random in the population
» Step 3 becomes: Choose individual / and J at random and compute
interaction intensity U¢(/,J, Ty).

» Accept/Reject :
Ue(I7 Ja Tl)

e

IfIf 0 < then: event e occurs to / at time T3.

Else, nothing happen at T;.
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A word on data management

» Removing someone from the population is costly but not picking
someone at random.

> ldea 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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Thank you!
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