	Milestone (ID#): Simulate W76-1 electronic systems performance in combined thermal and hostile environments. (SNL-J)

	Level: 2

	Fiscal Year: FY06

	DOE Area/Campaign: ASC

	Completion Date: Q4FY06

	ASC nWBS Subprogram: 1.5.1.3  Engineering Codes

	Description: The goal of this milestone is to develop methods of simulating electronic circuitry performance in a combined effects environment (strategic radiation levels, temperature) including large-scale integrated devices and parasitic effects.  The W76-1 Driver and Logic Assemblies are planned as the electrical subsystems to be simulated in a combined temperature and neutron-photocurrent hostile environment using Xyce.  Device temperature effects, which are of concern at specific times in the flight mission during radiation events, will be included.  Parasitic effects, which are becoming more significant in circuit and device modeling as transistor sizes decrease and circuit board density increases, will also be included in the simulation.  The simulation of these subsystems in a combined effects environment is critical due to the more realistic dynamic environmental conditions;  the current experimental method to discretely test within each component of the combined environment, not the combined environment;  and the loss of the SPR reactor test facility.  This milestone builds confidence in system hardness design that cannot be entirely determined by testing.

SNL Integration/Interfaces:  This milestone will include the use of enhanced solver and scalability methods developed at SNL in the ASC APPS Algorithms and Enabling Technology effort.  MP scalability of Xyce will be enhanced, with improved partitioning and ordering techniques, interfaces to linear solver methods (e.g., multi-level preconditioning and constraint reduction) and improved methods for both direct and iterative linear solution techniques.  These methods support the goal of near-optimal performance on all necessary ASC platforms for large circuit problems.  Improved scalable IO performance will impact initialization, checkpoint/restart and data handling.  Advanced time integration techniques and Homotopy methods will also be enhanced.  The integration of the DAKOTA optimization library with Xyce will provide the capability to efficiently optimize and parameterize electrical problems.
This milestone is in alignment with the project goals of QASPR and will allow us to take advantage of (photocurrent and neutron) bipolar device models that have been or are under development.

	Completion Criteria: Successful simulation of W76-1 Driver and Logic Assemblies in a combined temperature and neutron-photocurrent hostile environment using Xyce including data files containing selected Input/Output waveforms of interest to the DSW customer. Milestone certification methods (a set of viewgraphs with a written summary, documentation of delivery of capability to NWS customer) completed.

	Customer: W76-1 AFS Electrical Design, Radar Fuzing, W76-1 Logic Assembly and Driver Assembly

	Milestone Certification Method (2 of 3):

1 - Professional documentation, a set of viewgraphs with a written summary, will be prepared as a record of the milestone completion. 
2 – Documentation of delivery of the developed capability (electrical circuit netlist, model library parameter sets and version of Xyce code) to a nuclear weapons stockpile customer will be provided.

	Supporting Resources: 4 FTEs, maximum compute cycles required: up to 1,280 processors at a time for 3-7 days continuous use.

	Codes/Simulation Tools Employed: Xyce, DAKOTA, Trilinos solvers toolkit, the NOX nonlinear solver library, KLU (circuit-specific sparse direct solver), SuperLU and the Zoltan dynamic load-balancing library.

	Contribution to the ASC Program: Largest weapon electrical simulation ever performed (> 750K semi-conductor devices).  First time for performing a combined effects environment electrical simulation using Xyce.  Simulation stresses/exercises enhanced and strengthened solver and scalability methods developed at SNL by the ASC APPS Algorithms and Enabling Technology effort. 

	Contribution to Stockpile Stewardship: Simulation using more realistic environment conditions and electronic circuit effects.  Simulation results will be included in the qualification arguments for W76-1 AFS Design Reviews.  Simulations build confidence in electrical design margin analysis and design for performance and reliability in the presence of environmental effects. Development of Xyce and first principles physics-based models enables re-design and building of weapon systems without relying on testing.

	No.
	Risk Description
	Risk Assessment (low, medium, high)

	
	
	Consequence
	Likelihood
	Exposure

	1
	The Charon code may not be completed enough to provide neutron effects for Bipolar Transistors and coupling to Xyce. 
	low
	high
	low

	2
	Some of the physics for radiation models are not well understood at this time. The associated risk is with expectations of performance of such models. A continuing research effort into device physics and environmental interactions will reduce the risk. Models developed by others have not been straightforward to implement in Xyce and often require enhancements.
	medium
	low
	low

	3
	The MP scalability work depends on continued Zoltan (hypergraph and multi-constraint partitioning) and Trilinos (multi-level solution techniques) development.
	high
	low
	low


