Asynchronous Parallel Pattern Search (APPS) for Optimization

The “Large-Scale Engineering and Design Optimization” project has released APPSPACK, a new optimization tool for solving bound-constrained engineering optimization problems.  APPSPACK implements an asynchronous and fault-tolerant parallel pattern search method.  Pattern search uses only function values for optimization, so APPSPACK can be used when the function evaluation is a simulation (e.g., SPICE) that is not accurate enough to use a finite difference approximation to the gradient.  The name “pattern search” derives from the fact that a pattern of search directions is used to drive the optimization.  Parallelism is achieved by dividing the search directions (and corresponding function evaluations) among different processors.  The asynchrony comes about as a consequence of the fact that the search along a particular direction continues without waiting for searches along other directions to finish; see Figure 1.  APPSPACK has been used to solve a parameter identification problem important to the design of reliable electrical circuits, illustrated in Figure 2, and it is currently being used to optimize the forging process for weapons parts.

APPSPACK is now available for download to the general public under the GNU lesser General Public License.  Furthermore, it is being incorporated into Dakota, IDEA, and NEOS.  APPSPACK can be installed on any heterogeneous cluster of workstations, using PVM or MPI as its communication architecture.

Contact:  Tamara Kolda, Sandia National Laboratories, Livermore, CA, 925-294-4769,  tgkolda@sandia.gov

Reference:  P. D. Hough, T. G. Kolda, and V. J. Torczon, “Asynchronous Parallel Pattern Search for Nonlinear Optimization”, Sandia Technical Report SAND2000-8213 (submitted to SIAM Journal on Scientific Computing).

WebPage:  http://csmr.ca.sandia.gov/projects/apps.html
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Figure 1:  APPS on a 2-dimensional example.  There are five search directions.  The dashed line indicates a failed direction, but the search progresses without that search direction.  The blue direction has already begun to reduce its step length, ahead of the other search directions.
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Figure 2:  The goal of this circuit simulation problem is to match the simulation output with the experimental output (shown in green).  The manual optimization (shown in blue) required the engineer to do a series of SPICE3 runs, varying parameters by hand.  The fitting took one day to generate, and only three parameters were varied.  In contrast, the APPS optimization automatically optimized 17 parameters in only 30 minutes using 34 processors on Sandia’s Cplant cluster (shown in red).
