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The Domain and Its Problems
Complex time stepped simulations
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Encitra/4Dialog Urban Simulations



Distributed Simulation with Space Partitions



Distributed Simulation with Space Partitions



Distributed Simulation with Space Partitions

Migration



Problems

• Migrations across borders (visual quirks)

• Occasional overload while modelers are modeling

• No separation of concerns
• Work disruption (tear down / boot up traffic sim)



A Different Approach: “Aspect” Partitions

• Separate traffic simulator from world simulator(s)
• Traffic sim does traffic

• World sims do the “map”

• …

• Avoids all the previous problems



Aspect Partitions



Aspect Partitions: New Problems

• Data sharing and APIs
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Aspect Partitions

Pedestrians

?Unmanageable APIs



Approach
Data-Oriented Architecture



Ingredients (constraints) of the approach



Spacetime Framework

Data Space

Framed computation 1 Framed computation 2 Framed computation 3

Update() Update() Update()

data in data outdata in data outdata in data out



Two Parts (DSLs)

• Framed processing components
• Declare what objects they need, and how

• Interface with the data space
• Object frames



Framed Computations

def u(): …

OnTimer: u()

Constraints on u:
• Should not spawn threads
• Must not access shared store explicitly

data in
(pull)

data out
(push)



Car Simulation



Pedestrian Simulation



Guarantees at the Border

Data Space

Framed computation 1 Framed computation 2 Framed computation 3

types
(include queries)



Interface with data space: Predicate 
Collection Classes (PCCs)
• Inspired by dependent types:

• A type that is predicated upon a (dynamic) value

or

• Static guarantees about dynamic properties of the object



Subset



Projection



But... Imperative Language?

f(ActiveCar aCar)

{

aCar.Velocity = Vector3.Zero;

} !
Mutable state => local violations



PCCs: Full relational algebra

• Subsets

• Projections

• Cross Product (joins)

• Intersections

• Unions

• Foreign keys (object references)



Spacetime Framework

Data Space

Framed computation 1 Framed computation 2 Framed computation 3

Update() Update() Update()

data in data outdata in data outdata in data outtypes
(include queries)



Performance



Set, no updates



Set with updates



Projection, no updates



Join, no updates



Experiences



Course on Distributed Simulations



Deployment in 4Dialog

Pedestrians

?Unmanageable APIs



Deployment in 4Dialog

Pedestrians

Data-driven APIs

Data Space



Concluding Remarks

• Architectural separation of concerns: real need in this domain
• War story: High Level Architecture (HLA)

• Amorphous data store + polymorphic data uses

• Identity (data records), Isolation (copy), and Entanglement (of copies)



https://github.com/Mondego/spacetime

https://github.com/Mondego/pcc
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