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The Coast Vision

ÅTo model and simulate multi -scale, multi -science 
complex systems, 

Åbased on a hierarchical aggregationof coupled
Cellular Automata (CA) and Agent Based Models 
(ABM) , 

Åwhere each CA or ABM is a single scale model, 

Åand coupling between the scales is facilitated by multi-
scale coupling paradigms.

ÅWe call thisComplex Automata(CxA).
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ÅComplex Automata theory

ÅCOAST framework

ÅSingle Scale models and 

their mutual coupling

ÅIn-Stent Restenosis

4 pieces of the pie
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Multi -Scale modeling

temporal

scale

spatial

scaleÅ Mathematical models

Å Multi -scale

Å Simulate on computers

Å Intractable when having to 

simulate on the finest spatial 

and temporal scales

Å Need to find Multi-Scale 

models,

Å and Multi-Scale simulation 

environments
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From Multi -Scale System to 

many Single-Scale Systems

temporal

scale

spatial

scaleÅIdentify the relevant 

scales

ÅDesign a specific models 

which solve each scale

ÅCouple the subsystems 

using a coupling method x

L
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Single Scale Models

temporal

scale

spatial

scaleÅCellular Automata (CA) 

or Agent Based Models 

(ABM)

ïpowerful approaches to 

describe complex systems

ïCA and ABM can be 

decribed in a generic way 

(see below)

ïWith less, do more : 

Complex Automata (CxA)
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Complex Automata Modeling
ÅCxA as a collection of CAôs

ÅDefine a CA as

FGRSTLtxAC ,,,),,,,(

Spatio-temporal 

domain of CA

Set of possible

states

Evolution

Rule

Neighborhood Information exchange 

with environment

ÅA CxA is now a graph with vertices V and edges E

ÅEach vertex is a CA iiiiiiiiii FGRSTLtxAV ,,,),,,,(

ÅEach edge Eij is a multi-scale coupling between Vi

and Vj.
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Process A 

Log(spatial scale) 

Log(temporal scale) 

The Scale Separation Map

ÅA powerful 
methodological wayto 
identify sub-models

ÅClassify the sub-model 
interactions as full or 
partial overlapof scales.

partial / full

overlap

Process B

space separation

Process B

time separation

Process B

time - space 

separation

Process B

time - space 

separation

Process B
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Log(T) 

Log( x ) 

Log( ) 

Log( ) 

1 0 

2 3.1 3.2 

Log(spatial scale) 

Log(temporal scale) Log( x ) 

Log(L) 

The Scale Separation Map

ÅA powerful 
methodological wayto 
identify sub-models

ÅClassify the sub-model 
interactions as full or 
partial overlapof scales.

ÅSpecify the relation 
between the sub models 
in five interaction 
regions.

 

Log(T) 

Log( x ) 

Log( ) 

Log( ) 

Process A 

Log(spatial scale) 

Log(temporal scale) Log( x ) 

Log(L) 
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Relation between computational 

domains

 

Multi Domain Single Domain

(scale overlap)

The computational domain is split into

a coarse and a fine sub domain

 

CA1 CA2

      

      

      

      

      

      

(micro-macro separation)
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Classification of systems
Åsingle-Domain (sM) or multi-Domain (mD)

ÅRelation on the Scale Separation Map

 
Time Overlap Time Separation 

Single 

Domain 

  

Multi -

Domain 

Single 

Domain 

  

Multi -

Domain 
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Coupling through 

collision operator 

 

 

Snow transport, 

diffusion/advection  

Coupling through 

boundary condition 

 

 

Fluid Structure, 

grid refinement 

Coupling through 

collision operator 

 

 

Forest-Savannah-

Fire interactions 

Coupling through 

boundary, initial 

conditions 

 

Coral growth 

Single 

Domain 

  

Multi -

Domain 

  

Hierarchical Coupling  
 

Coupling through collision 

operator and initialisation 

 

Suspension, Fluid 

S
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Coupling through 

collision operator 

 

Algae-Water 

ecological model 

 

  

Physics Biology Coupling 
 

Coupling through boundary 

conditions and initialisation 

 

Oscillating blood flow and 

endothelial cells 
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Submodel Execution Loop

D := Dinit /* initialization of the domain */

f := f init /* initialization of state variables */

t := 0 /* initialization of time */

While Not EC

t += Dt /* increase time with one timestep Dt */

D := U(D) /* update the domain */

f := B(f) /* apply boundary conditions */

f := C(f) /* collision, update state of cells */

f := P(f) /* propagation, sent information to neighbors */

Oi (f) /* compute observables from new state */

End

Of (f) /* compute observables from final state */
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Coupling through SEL 

operators

The Submodel-Execution-Loop (SEL) gives a 

generic way of implementing the different 

couplings.
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Example, Coral Growth
Å Simulated Coral Growth
ïGrowth dictated by influx of 

nutrients at coral surface

ï Nutrients are transported by 
water flow around the coral

Å Three subsystems
ï All operating on the same 

length scale of the coral

ï Flow around the coral
ÅFast process, O(s)

ï Advection-diffusion of 
nutrients
ÅDiffusion time scale O(10 s) 

to O(1 min)

ïGrowth of coral
ÅAccretive growth or 

aggregation

ÅSlow process, ~20 mm/year

temporal scale

spatial scale

growth
Advection 

diffusion
Flow 

Kaandorp et al., see e.g.

Merks, Hoekstra, Kaandorp, Sloot, J. Theoret. Biol. 224, 153-166, 2003 

Merks, Hoekstra, Kaandorp, Sloot, Int. J. Mod. Phys. C 14, 1171-1182, 2003

Merks, Hoekstra, Kaandorp, Sloot, J. Theoret. Biol. 228, 559-576, 2004
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Example, Coral Growth
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CxA Simulation Software

ÅA generic software environmentfor 

Complex Automata,é

Åbased on an existing agent-based

computational environment,é

Åallowing a high-level and straightforward 

implementation of multi-scale coupling 

templates.
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Software Requirements

ÅSupporting multitude of communication patterns

ÅHierarchical control structures

ÅSupporting flexible and distributed (not necessary parallel) 
coupling/communications

ÅFlexible coupling platform

ÅHeterogeneous hardware

ÅAgent-based models

ÅWrap approaches different CA (which may operate on 
different scales in time and space)

ÅOpen source compliant


