
Dynamic CAPE-OPEN Approach on Cluster 
Oriented Architecture

Laurent Pigeon ¥ �

3rd Annual US CAPE-OPEN Conference

San Francisco

17 November 2006

Bertrand Braunschweig ¥, Thierry Gautier � , Pascal Roux ¥

¥ FirstName.LastName@ifp.fr
� FirstName.LastName@imag.fr



Computer Science department - R1141S
Dynamic CAPE-OPEN Approach on Cluster Oriented Architecture – AIChE Annual Meeting San Francisco

2

Outline

• Context

• Approach

• Results

• Conclusions



Computer Science department - R1141S
Dynamic CAPE-OPEN Approach on Cluster Oriented Architecture – AIChE Annual Meeting San Francisco

3

Context

• Why to distribute CAPE applications?

– Trade off between accuracy and computational time

– More complex
• Several dynamics (hydro / thermo)
• More accurate (finer meshes)
• Considering new properties (safety / environment / quality)

– Transient simulation
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Context

• Multiprocessors / multicomputers
– Multiprocessors: SMP, Multi-Core

• Single physical address space: Shared memory
• Poor scalability

– Multicomputers: MPP, COW, commodity cluster
• Own private memory: Distributed memory
• Scalable
• Most powerful computers (www.top500.org)

• Same issues
– Need to parallelize applications and distribute the workload on 

processors
– Take care of data (communication / mutual exclusion)
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Context

• Dynamic Simulation

FirstCompute (INDISS)
StartTimeStep (CO)

NetworkCompute (INDISS)
ResolveFlowPressure (CO)

LastCompute (INDISS)
Calculate (CO)

Iterative step
(Newton-type method)

t = t + dt

t = 0
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Approach

Problem splitting

Scheduling

Deployment

Com
pu

tin
g
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Approach

• Problem splitting
– One UO = One task

• Scheduling
– Earliest Task First (ETF)
– Dominant Sequence Clustering (DSC)

• Deployment
– Windows service launched at start
– Each component is recorded in the

registry
– Send useful information concerning

the flowsheet
Critical Path
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Runtime

Coordinator

Worker 1 Worker 2 Worker n

Same features from a basic simulator
centralized solver

+ Scheduling
+ Control flow manager

Host 1 Host 2 Host n

Computational Framework

Data flow manager

• Software architecture (CORBA)
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Worker
An extended CAPE-OPEN Unit Operation
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Results
Business Test Case: deepwater production system 

• Performs multiphase flow 
calculations on a deepwater 
production system

• Dynamic Simulation
– Simulate the process in its transient 

behaviour
– May inject some new parameters 

and dynamically take them into 
account

– Based on methods from 
ICapeDynamicUnit interface

• StartTimeStep
• ResolveFlowPressure
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Test Case
Using DSC on 5 processors
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Test Case
Using ETF on 5 processors
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Results
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Conclusions

• Limited by the structural parallelism from the flowsheet
– Need to consider fine grained parallelism
– Change solving approach!?

• Prototype is usable
– Transient simulation
– Reach good performance with sufficient parallelism

• Tightly coupled to INDISS-RT (from RSI company) but 
concepts can be used to any CAPE-OPEN compliant 
simulator
– Fully transparent for the final user

• Take transient properties into consideration
• Results displaying
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Questions

Thanks for your attention


