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SUPPORTING AGENT-BASED MODELING AND
SIMULATION IN DEMOGRAPHY

Motivation Challenge 2: Efficient Execution
 Agent-based modeling has become an important tool in demographic Requirements:
researCh, aIIOWing o develop and test micro-level (iﬂdiVidU&I-'GV@l) theOry o Heterogeneous agents with Comp|ex interactions and effects

to explain macro-level (population) phenomena using artificial societies.

 Application examples: Migration, Partnership formation, Healthcare, o _ _ _ _
Epidemics, ... - Exploitation of locality of events in the soclal network to reduce rescheduling

" y .
e Linked Lives Models: Tens of B a and therefore runtime [3]
thousands of agents interacting in an “/m Example:

intricate dynamic social network j / 4\ N * Network-based SIR model ‘ A recovers
aa <4 * Infection only spreads =
State of the art: n/ﬁkh along the network’s edges o 0 °
&..repast P p U t h O n

* Model and simulation closely intertwined

 Time-dependent transition rates

event queue:

next event —» A, recovery, 5 | C, infection, 7 | B, recovery, 8 |D, infection, 11

 No support for continuous time / AN
| / / NN
_ state:
Challenge 1: Modelling Language / / /

. ) _ A | alive | infectious | o T C | alive | susceptible 5 Tatve lsuscontible
Requirements: | | N o] fnfee — ve |suscep
 Agent-based approach  Age-dependent behavior | \_/ \ _/ \_/ \\//

_ _ o unscheduled:
 Dynamic social networks * Model decision processes .\/.
A, infection B, infection C, recovery D, recovery

New domain-specific Modeling Language for Linked Lives ML3 [1]
 Focus on agents and their social networks

 Behavior modeled as competing guarded commands ? 10°{ —e— naive SSA — sparse
= 1044 ¢ SSA with locality — sparse __.-©
using domain metaphors tailored to domain problems “E’ .| -©- naive SSA - dense e
.=10"7 -x- SSA with locality — dense e
Person = 5 o
// Guard: Who can it happen to? S 01 QX
| ego.sex = "f“, ego.isMarried() =10 1 ezt
// Rate: When will it happen? S 10°-
@ if now < transitionYear Lﬁ104t | | - | -
then growingPopBirthRate[ego.age] 100 1,000 10,000
else steadyPopBirthRate[ego.age] Population Size
// Effect: What will happen?
-> ?child := new Person( sex := ["m", "f"].random(), Challenge 3: Managing Simulation Studies
secCc .= ego.sec
>child.parents := [ego, ego,spﬁuse] ) « Complex simulation experiments (e.g., calibration, validation, sensitivity
arbitrary functions OOP-like and imperative syntax anaIyS|s,_uncerta|nty quantlflcathn) to pe condupted ﬂemb!y an_d replicably
— applying SESSL, a DSL for simulation experiment specification [4]
Stochastic race / competing risk: Events are scheduled according to the new Experiment
rule’s rate using a time-dependent generalized exponential distribution, and the with Observation with StatisticalModelChecking {
earliest one Is executed val s = observe(agentCount(“Person"),“ego.status = ‘s’”)

val i = observe(agentCount(“Person”),“ego.status = “1i’”)
prop = MITL(G(O, 10)((OutVar(s) > Constant(9))

2 —1 o o1 @ a3 <e4> > and (OutVar‘(%) > Cons’.car.lt(@))?)
test

= SequentialProbabilityRatioTest(

1: —— s >

3. N > p = 0.8, alpha = 0.05, beta = 0.05, delta = 0.05)
.}
Results: Succinctness: Lines of code
. . 1442 .
v" Expressive and succinct [1][2] Oy 2 O e * Model and experiments must be documented
v" Decisions via stochastic race - O et somo thoroughly and accessibly
. 000 artifact (experiment specification) D+ ' .
v" Inhomogeneous CTMC semantics %) 55 (L3 (NetLogo) © R — ODD+P: Complementing ODD with
process provenance models [5]
@—) B | A was produced by B st
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Software: git.informatik.uni-rostock.de/mosi/ml3
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