
Agent-based Event Simulation at Scale  

Achievement: Agent-Based Event Simulation Models for Healthcare Ecosystem and Global High-Resolution Collaborative Models for implemented on Titan.

Significance and Impact: Demonstrated ORNL’s unique capability to simulate ultra scale agent-based discrete event simulation.

Research Details: A data-driven large-scale distributed agent based simulation framework has been developed. The framework, which extends Repast HPC package, has been successfully deployed on Titan. The base framework has been further extended for two application domains: simulation of US healthcare ecosystem and a global high-resolution collaborative model that simulate dynamics between human population and environmental changes. 
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· The US healthcare simulation model estimates cost accumulation of affordable care organizations (ACO) over time when different healthcare intervention scenarios are applied. To our knowledge, this is the first nationwide agent-based simulation model for this purpose at scale (Figure 1). A preliminary work has been published in 2015 Spring Simulation Multi-Conference [1].

· The high-resolution collaborative model is a composite model that combines the HPC agent based framework, a global change assessment model (GCAM), and human population density (LandScan) data. The collaborative model provides a full two-way interoperability between disparate simulation models that collectively simulate dynamics between humans and their environments. This work has been published in 2015 GeoComputation Conference [2].
Figure 1. Simulation of US Healthcare Ecosystem at scale: Multitudes of loosely connected healthcare models for ~3200 US counties.  
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Teams:
· The high-resolution collaborative model: Shaun Gleason[footnoteRef:1], Galen Shipman1, Devin White1, Byung H. Park1, Melissa Allen1, John Murphy[footnoteRef:2], Michael North2, Pam Sydelko2.  [1:  Oak Ridge National Laboratory]  [2:  Argonne National Laboratory] 

· Healthcare Ecosystem:  Arjun Shankar, Jack Schryver, Byung H. Park, Ozgur Ozmen, Gautam Thakur

Overview: The agent-based discrete event simulation model is widely used to simulate the actions and interactions of autonomous agents and assess the aggregated results on the system. As problem sizes increase to include hundred millions or even billions of actors, to simulate dynamics among the actors in response to different social, climate, economical, or environmental inputs requires a whole new paradigm of modeling a large-scale simulation. This work creates one such framework that brings the HPC capability to problems that require high-resolution simulations. Two strategic use cases of the framework have been introduced: healthcare cost simulation and various geospatial related simulation. 
Figure 2. Data Driven High-Resolution Collaborative Framework: The HPC agent model is coupled with a disparate model(s) to simulate how human population and its environments influence each other.   


Publications:
[1] Gautam S. Thakur, Byung H. Park, Özgür Özmen, Jack Schryver,  Mallikarjun Shankar, and Gilbert G. Weigand, Synthetic Data Generation for High-Fidelity HPC Healthcare Simulation: Beneficiary-Provider Network Example, 2015 Spring Simulation Multi-Conference (SpringSim'15)

[2] Byung H. Park, Melissa R.Allen, Devin White, Eric Weber, John T. Murphy, Michael J. North, and Pam Sydelko, MIRAGE: A framework for data-driven collaborative high-resolution simulation, GeoComputation 2015 Conference.
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