arXiv:gr-qc/0306056 v3 27 Oct 2003

AEI-2003-049

A Fast Apparent-Horizon Finder for 3-Dimensional Cartesian Grids in Numerical Relativity: Supplemental Material

Jonathan Thornburg^∗

Max-Planck-Institut für Gravitationsphysik, Albert-Einstein-Institut, Am Mühlenberg 1, D-14476 Golm, Germany (Dated: Id: horizon-supplement.tex,v 1.1 2003/10/24 14:30:59 jonathan Exp )

This document contains two appendices which are omitted from the main printed version of this paper in the interests of brevity: appendix B on “Multiprocessor and Parallelization Issues”, and appendix C on “Searching for the Critical Parameter of a 1-Parameter Initial Data Sequence”. These appendices also appear in the preprintarchive version of this paper (gr-qc/0306056).

PACS numbers: 04.25.Dm, 02.70.Bf, 02.60.Cb Keywords: numerical relativity, apparent horizon, black hole

APPENDIX B: MULTIPROCESSOR AND PARALLELIZATION ISSUES

Cactus (like most modern numerical relativity codes using 3-D grids), is designed to run in parallel on multiprocessor computer systems. Cactus uses a domain-decomposition parallelization scheme, where each processor stores and computes the Einstein equations on its own “chunk” of the spatial grid. Neighboring chunks overlap slightly;^1 Cactus “synchronizes” them as necessary. An AH may span multiple processors’ grid chunks, and since an AH may move during an evolution, in general we don’t know in advance which processor(s) those are.

Because of the domain decomposition, the multiprocessor “global” interpolator used for the geometry interpolation must in general send each interpolation point to the processor which “owns” that part of the grid, do the interpolation there, and send the results back to the requesting processor. To ensure that every processor has a flow of control in the interpolator code to (potentially) handle interpolation points in its chunk of the grid, the interpolation must be a collective operation: code on every processor must call the interpolator synchronously (each processor’s code specifying its own choice of interpolation points). Violations of this requirement may result in deadlock in the interprocessor-communication code.

Taking these environmental constraints into account, I have parallelized AHFinderDirect in the following way: To allow the use of standard (uniprocessor) sparse matrix subroutines for solving the Newton’s-method updating routines, AHFinderDirect assigns each AH to a single processor,^2 and searches for that AH only on that processor. However,

∗Electronic address: jthorn@aei.mpg.de; URL: http://www.aei.mpg.de/~jthorn 1 This is the 3-D Cartesian grid analog of the angular interpatch ghost zones described in the main printed version of this paper.

2 A processor may be assigned multiple AHs if there are more AHs than processors.

Part (a): 2 processors Part (b): 3 or more processors processor 1 processor 2 processor 1 processor 2 processor 3 any others h/it what h/it what h/it what h/it what h/it what h/it what 1/1 Θ 2/1 Θ 1/1 Θ 2/1 Θ 3/1 Θ — Θ 1/1 J 2/1 J 1/1 J 2/1 J 3/1 J — J 1/2 Θ 2/2 Θ 1/2 Θ 2/2 Θ 3/2 Θ — Θ 1/2 J 2/2 J 1/2 J 2/2 J 3/2 J — J 1/3 Θ 2/3 Θ 1/3 Θ 2/3 Θ 3/3 Θ — Θ — J 2/3 J — J 2/3 J 3/3 J — J 3/1 Θ 2/4 Θ — Θ 2/4 Θ 3/4 Θ — Θ 3/1 J 2/4 J — J 2/4 J — J — J 3/2 Θ 2/5 Θ — Θ 2/5 Θ — Θ — Θ 3/2 J — J 3/3 Θ — Θ Abbreviations:

3/3 J — J h/it = horizon number/iteration number 3/4 Θ — Θ what = what is this processor doing?

TABLE I: This table shows two examples of how AHFinderDirect finds multiple horizons in parallel in a multiprocessor environment, for the case where we search for 3 horizons, which are found (the Newton iteration converges, shown by the Θ) after 3, 5, and 4 iterations respectively. The table rows show actions at successive iterations of the algorithm; “—” means a dummy computation (described in the main text). Part (a) shows how the algorithm would work with 2 processors; part (b) shows how it would work with 3 or more processors (the last column refers to any processors other than first 3)

if there are multiple AHs and multiple processors, AHFinderDirect searches for different AHs concurrently on the multiple processors.

All the processors do their Newton iterations synchronously, each processor working sequentially through its own assigned horizon(s), or doing dummy interpolator calls (to preserve the synchronization across all processors) if it has no assigned horizon(s). If/when a processor finishes with a horizon (either locating it or failing to locate it), the processor moves on to its next assigned horizon if there is one, or switches to doing dummy interpolator calls if it has no more assigned horizons left to process. Table I shows two examples of this.^3

This algorithm requires an explicit global synchronization across all processors at each Newton iteration: After evaluating Θ, each processor computes a Boolean flag saying whether that processor needs to continue iterating (this may be true for either or both of two reasons: the Newton iteration hasn’t converged yet on the current horizon, or there is another horizon or horizons assigned to this processor which hasn’t yet been processed). All processors then broadcast their flags, and compute the inclusive-or of all the flags to determine whether to continue the algorithm or exit.

3 In part (a) of table I, notice that after horizon 1 converges, processor 1 does a dummy J computation before starting on the next horizon. This is slightly inefficient, but considerably simplifies the algorithm by keeping the Θ and J computations synchronized across all processors. In the uniprocessor case this dummy J operation is unnecessary, and the algorithm omits it.

p ← p_{start} δp ← δp_{start} G ← G_{start}

while (|δp| ≥ tolerance) { try to find a common AH in Σ[p], using G as the initial guess if (found a common AH)

then { G ← the common AH just found p ← p + δp } else { δp ←^1_2 δp p ← p − δp } }

FIG. 1: This figure shows the continuation-method binary search algorithm for finding the critical parameter p at which a common AH appears in a 1-parameter family of slices.

APPENDIX C: SEARCHING FOR THE CRITICAL PARAMETER OF A 1-PARAMETER INITIAL DATA SEQUENCE

In this appendix I describe my continuation-method binary search algorithm for determining the “critical” parameter p_⋆ at which a common AH appears/disappears in a 1-parameter family of initial data slices, p → Σ[p]. Without loss of generality I assume that small (large) values of p do (do not) have a common AH.

The main complication here is that AHFinderDirect needs an initial guess for an AH shape, and if this initial guess is inaccurate AHFinderDirect may fail to find the (an) AH. This means that the obvious binary-search algorithm for finding p_∗ isn’t reliable, because a failure to find an AH doesn’t rule out the possible existence of that AH.

Instead, I use a continuation method, p is “walked up”, using the common AHs found in smaller-p slices as initial guesses for trying to find the common AH in larger-p slices. If the algorithm fails to find a common AH, it decreases p and tries again with a smaller “walking increment” in p. Figure 1 shows this algorithm in detail.