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Why agent-based simulations matter?

Challenges of agent-based simulations

+ Epidemics » Agent-based simulations are flexible, but inefficient to execute
w = 6B (total=510,000) London’s Imperial College on 02 2020 ° H |gh concu rrency
o m ——US (total=2,200,000) predicts millions to die from @ Specnal report The simulations T . | . h . | | . f
;z i coronawmgbp\a&d(:gnc in UK and @ G gg\‘/,lll;)gltgeworldsresponseto ¢ A reaI|St|C Simu at|0n dasS b| IoNS O agentS R
%% o iy [ BIC i g Agent-based modelling of reactive vaccination of ¢ COde hete rogenelty ‘:‘:g:-:: : ":0;;‘:
Y workplacesand schoolsagamstCOVlD -19 @ . . yy u Pf@gg' :.':.3' S "g'.:' O&EGI’C] hx
Behind the Virus Report That Jarred ' . ke s, o, o it * “Think like a vertex” is homogeneous I <o B
Cauchemez, Laura Zan a Colizza, Pierre-Yves Boélle & Chiara Poletto & . . . . GIRAPH
bryrrewys @400 .‘ @ O ———  Communication-intensive ‘I\z
» Existing frameworks assume little or no communication SpQﬂ(
* Economics
N * For data management
The economy needs agent-based modelling Chart 3 A benchmark run of the model showing boom  Chart 4 The model can reproduce the loan to income SimU|ationS generate d Iarge amount Of data
i Crowrma Bt i uncaniEoles g:i?;ozgier?cr:f::::fsstylisedfacts: the distributionof  3nd bust cycles in the house price index dtstributlon.fortheUnlted Kingdom ° Im a g e | On g_runnin g Simul ation S With bi”ion S Of agents
Nature 460, 685-686 (2009) | Cite this article o s NS, B v Share of total loans, per cent . . . . .
1::.k Accesses | 661 Citations | 65 Altmetric | Metric _EF::EE — o e : ® SImU|atlonS fo rm part Of Complex analytlcs plpellnes
0 | “How does the average wealth of the top 30% change?”
i Simulations are can be viewed as model samples
i 1 “What is the average wealth of the population if we increase the
- = |l | initial wealth by 10%, 20% and 50%, respectively?”
d 44 4. R 1l§,imul§:‘3,.mm{5(,ear31° e SRR AR S

What are agent-based simulations, really? Contributions
* Depend on who you ask! « Formal models that define agents and their interactions
* Arecent survey in 2020 listed * Programming model
36 general-purpose frameworks » Agents are sequential processes that communicate through messaging
* 100+ specialized frameworks « A simulation is, conceptually, concurrent execution of interacting agents
 Different assumptions about agents « "Simulate"” as an operator for integrating with data science pipeline
* NetLogo considers turtles as agents, along with patches and links « Computational model
« DMASON assumes each agent belongs to a temporal region * Weighted hierarchical BSP model
* Repast Symphony assumes that agents actions are scheduled
 Different assumptions about interaction * Optimizations Frontend | Query Simulate Op. DSL
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Benchmark Description Performance

* Population Dynamics * Qur system has on par or better performance than current BSP- Ilke systems
Simulate the game of life example in a 2D grid J——— e s - Popdtn Dnari o rm——— e
* Model each cell in the grid as an agent o e .

Economics
« Simulate the bidding process in the stock market
Model traders and the stock market as agents

* Epidemics T e DU s U
Simulate individuals of states Susceptible, Infectious, Recovered, » Effective optimizations

HOSpitaIized, Or Deceased Eeffectiveness of Direct Memory Accesses Effectiveness of Deforestation - S e .

* Model the population and locations as agents N-—— s
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* Use random graph models to simulate population connectivity e
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