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Outline

e Agent-based Simulations (ABS)

» Parallel and distributed ABS
e OpenABL

» Language

» Compilation infrastructure
e Experimental evaluation
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Agent-Based Simulations

the agent-based computational model is well-suited to
the study of phenomena where agent populations are
heterogeneous, there is no central control over
individuals (autonomy), the space where the agents work
is explicit (e.qg., an n-dimensional grid), and agents only

have local interactions with neighboring agents f ‘l

See “Agent-based computational models and generative
social science”. Epstein. Complexity (5) 1999. 41-60
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Parallel and Distributed ABS: The Implementation Zoo

e ABS parallel implementations ecology transport engineering
» Several problems from different fields social science o _
. . economy _ animation and graphics
> Different architectures and platforms biology
» Different solution
erent solutions o Mason Flame DistrSteer
e OpenABL goals libraries oo eGP
-Mason ame
REPAST-HP
» Performance >THPC
» Programmability CPU PU
> Portablllty multi-core CPU
> Reproducibility HPC large-scale cluster
cloud computing
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OpenABL: Overview
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// Agent declarations

--| agent Point ({

e Example: simple agen

e Agent declaration
e Environment and param
e Step function

» state of agent at time t computed
from state of agents at time t-1

» agents can be updated in parallél

» using information from local
neighborhood (near)

e Simulate
e Helper functions
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position float3 pos;
}

2 // Simulation parameters and environment definition

float radius = 5;
float env size = 100;
param int num agents =
param int num timesteps =
environment { max: float3
// Step function
step move point ( Point in -> out) ({

// Move towards the average direction of the neighbors

1000;
100;
( env_size ) }

float3 dir = float3 (0);

int num neighbors = 0;

for ( Point other : near (in , radius )) {
dir += normalize ( other .pos - in.pos );
num neighbors += 1;

}

out.pos =

}
// Main code

clamp (in.pos+dir/num neighbors, float3 (env _size));

Initialization and execution

void main() {
for (int 1 0..num agents )
add ( Point {pos random ( float3 ( env _size ))});
simulate ( num timesteps ) { move point }

save ("result.json");

}
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The OpenABL Language: Locality and Neighborhood Queries

e near with the homogenous types
e Example from predator-prey

Stil/) prey flock(Prey in => out) { PREY RADIUS
for (Prey py : near(in, PREY RADIUS)) { .
//
cohesion velocity += ... py.pos;
}
//

out.steer += cohesion velocity;

}

Prey py : near (in, PREY RADIUS)
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The OpenABL Language: Heterogeneity Support

e near with heterogenous types
e Example from predator-prey

step prey avoid pred(Prey in -> out) ({

y PP _RADIUS
for (Predator pt : near(in, PP RADIUS)) {
//
avoid velocity += ... pt.pos
}
//
out.steer += avoid velocity;
}
Predator pt : near(in,PP RADIUS)
OpenABL: A Domain-Specific Language for Parallel and Distributed Agent-Based Simulations E. A E S
Cosenza et al. | Euro-Par, August 30, 2018, Turin, Italy | Slide 9 ::bedded P A



y Technische .
Universitat
A Berlin

The OpenABL Language: Dynamic Agent Addition and Removal

° Dynamlca“y add and remove step prey reproduction (Prey in -> out) {
agents if (random(1.0) < REPRODUCE PREY PROB) {
e Example from predator-prey add (Prey {
pos: in.pos, // same position
>prObabi“StiC agent creation dir: -in.dir, // opposite direction
with add steer: -in.steer,
life: in.life/2 // life split btwn fath.&child
» same position of the father 1Y ;
e Challenging for distributed out.life = in.life/2;
backend } }
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The OpenABL Compiler

e Source-to-source
» flexandbison
e The frontend produces a high-level intermediate representation

» an AST, with domain-specific nodes

» experimental support for optimizations (e.g., step functions merge)
e Backends

» Mapping to library-specific model and concepts
» C, Flame, FlameGPU, Mason, D-Mason
» Visualization backend
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OpenABL Examples

e Test benchmarks ,.:‘,:: . :
» Circle (1 type, 1 step) J

» Boids P ,- --.“__ .-
» Game of life Lo teia, TR L
» Sugarscape S T T

> Ants foraging e
» Predator-prey . :': e o R

Source: https://github.com/OpenABL/OpenABL/blob/master/examples/circle.abl
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OpenABL Examples

e Test benchmarks
» Circle
» Boids
» Game of life
» Sugarscape
» Ants foraging (2 types, 3 steps)
» Predator-prey

Source: https://github.com/OpenABL/OpenABL/blob/master/examples/ants.abl

OpenABL: A Domain-Specific Language for Parallel and Distributed Agent-Based Simulations E. A E S
Cosenza et al. | Euro-Par, August 30, 2018, Turin, Italy | Slide 13 :'

mbedded Systems Architecture


https://github.com/OpenABL/OpenABL/blob/master/examples/ants.abl

Technische '
Universitat

Berlin

OpenABL Examples

e Test benchmarks Sl -._?._..-';.:,-_':_--;.,;._ o T
» Circle R SRR S T
» Boids S T
» Game of life o5 .ﬁ ﬂ e

» Sugarscape s T T
» Ants foraging Foh i el by _‘ wl e

- ‘:‘“" 3 LR ] ":‘-"-a' K s 4 T R

RREETIE I - . R T " et a.,

Vi g e oy Tl TE U g Sl

» Predator-prey (3 types, 13 steps, add/remove) L AL AT L
ST TTERVUTI D T e e e T e TE T el e

I A R

e ,.-f‘_:-.,...'_‘ o ayRE ‘.-':-:".:‘- e -' :,

Source: https://github.com/OpenABL/OpenABL/blob/master/examples/predator prey.abl
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Experimental Results

Single-node performance

Cluster scaling

Programmability evaluation

Overhead analysis
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Experimental Results

e Single-node performance

e (luster scaling

* Programmability evaluation
e QOverhead analysis
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Experimental Results

\
_ OpenABL code is much shorter!
* Single-node performance In eLOC (effective lines of code):
e Cluster scaling * From 2.2 up to 5.1 x more code on FlameGPU
o Programmability evaluation * From 5.1 up to 14.9 x more code on D-Mason )
o

Overhead analysis \
4 )

For boids, against manually-tuned code:

* Mason 9% (because of double-buffering)

* Flame n.a. (Flame too slow to compare, (impractical with > 5000 agents)

* FlameGPU 0% (perfect programming model match)

* D-Mason 30% (because of double-buffering and additional synchronization)

o J
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Conclusion

e OpenABL: a new domain-specific language designed for agent modeling
» high-level abstractions for programmability

» explicitly exploits agent parallelism to deliver high-performance
e A source-to-source compiler implementation
e Backends targeting high-performance parallel and distributed architectures

» multi-core CPUs, massively parallel GPUs, large clusters and cloud systems
e Tested on a collection of six applications from various fields

e A program written in OpenABL is much smaller than one written for non-portable platform-
specific libraries, and its performance is very close to manual implementations
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Thanks for your attention!
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Project source code: https://github.com/OpenABL
Evaluated artifact: https://figshare.com/s/3ef16d36a5896000b85a
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