My Recommendation

Iterative Refinement (NSA 1) / Solving linear equations (use MM + Matrix inversion to solve Ax=B)

Fast Fourier Transforms (NSA 3) / FFT (*) / DFT

Equation Solving (NSA 6)

Concurrent Wave Equation (~E.P.)

Shortest Path Algorithms (Revisited)

N-body force computation

Training/evaluating an evolutionary algorithm

Quadratice sieve (code from Conger)

Right Justify/Mod 2n Inverse

Green = Hard, Blue = Avg., Brown = Easy

Bold = Hung-Hsun (Lambda 13-16), Italicize = Bryan (Lambda 1-4), Underline = Adam (Marvel)

NSA Benchmark

	Name
	Form
	Description
	Comment

	1. Iterative Refinement
	S.F.
	Matrix A of size N x N, vector b of length N, solve x in Ax = b with iterative refinement
	

	2. Integer Sort
	S.F., M.F.
	Disk access sort
	

	3. Fast Fourier Transforms
	S.F., M.F.
	1024 point complex FFT
	

	4. Data Transposition
	S.F.
	Transpose bij with bji for each blocks of n x n matrix
	Course Grain

	5. Integer Selection and Summation
	S.F., M.F., S.C.
	
	

	6. Equation Solving
	S.F., M.F.
	Patten Matching
	Similar to DNA matching

	7. Bit Twiddle
	S.F.
	Bit manipulation
	

	8. Dynamic Program
	S.F., M.F., M.C.
	Matrix manipulation
	

	9. Right Justify/Mod 2n Inverse
	S.F.
	Bit manipulation, use mod
	Could be useful for Cryptography related problem

	10. Backtrack Problem
	S.F., M.F.
	N queen backtrack
	Already implemented in UPC as well (gwu)

	11. Multiple Precision Arithmetic
	S.F., M.C.
	Product of two matrix
	

	12. Table Toy
	S.C., M.C.
	
	


S = Single CPU, M = MPI, F = Fortran, C = c, SH = SHMEM, U = UPC

1. Pi calculation (S.C., M.C.) - Uses the 'dartboard' algorithm from Fox et al. (1988) Solving Problems on Concurrent Processors, vol.1 p.207

2. Concurrent Wave Equation (S.C., M.C.) - implements the concurrent wave equation described in Fox et al (1988). A vibrating string is decomposed into points. In the parallel version, each processor is responsible for updating the amplitude of a number of points over time. At each iteration, each processor exchanges boundary points with their nearest neighbors.

3. 2D Heat Equation (Domain Decomposition) (S.C., M.C.) - This example is based on a simplified two-dimensional heat equation domain decomposition. The initial temperature is computed to be high in the middle of the domain and zero at the boundaries. The boundaries are held at zero throughout the simulation. During the time-stepping, an array containing two domains is used; these domains alternate between old data and new data.

4. Shortest Path Algorithms (Revisited) (S.C., M.C.) - Parallel versions of the Dijkstra and Bellman-Ford algorithms.

5. PARKBENCH Partial Differential Equation Kernel Benchmark(*) – The PARKBENCH multigrid kernel is the multigrid benchmark from the NAS Parallel Benchmark suite. It requires highly structured long distance communication and tests both short and long distance data communication. The kernel performs a V-cycle multigrid algorithm to obtain an approximate solution of a discrete Poisson problem on a 256 by 256 grid with periodic boundary conditions. http://www.netlib.org/parkbench/html/kernel.html
-N-body force computation

Discussed in PCA book. Some code here: http://www.cs.princeton.edu/courses/archive/spr01/cs126/assignments/nbody.html
- Matrix multiplication using Strassen's formulas

Description: http://mathworld.wolfram.com/StrassenFormulas.html
Serial: http://www.cs.duke.edu/~alvy/papers/sc98/
Parallel: http://www.cs.utexas.edu/users/rvdg/abstracts/SSUMMA.PPL.html
Medium- to coarse-grained

- Solving linear equations (use MM + Matrix inversion to solve Ax=B) (NSA 1?)

Medium- to coarse-grained

- FFT (*) / DFT (NSA 3?)

http://www.fftw.org - extremely fast serial version

http://astro.uchicago.edu/Computing/On_Line/fft/fft.html - parallel version

Medium grained to fine grained for FFT

- Training/evaluating an evolutionary algorithm

3-D tic-tac-toe code from Chris Conger

Can adapt to other games, such as backgammon/checkers (*) http://satirist.org/learn-game/systems/gammon/
Coarse-grained for training, fine-grained for neural network evaluation

- Parallel sort

Compare with BUPC implementation

Use Divide + Conquer techniques (may map better to message-passing paradigm)

Medium- to fine-grained (depending on sort algorithm and parallelization technique)

- Discrete-event simulation (*)

Difficult problem, some related work available - http://citeseer.ist.psu.edu/vee99parallel.html
Fine-grained

- LaPAcK/ScaLAPACK (*)

ScaLAPACK uses MPI, but f77/f90 compiler

Can use f2c, but makes messy C code

Wide range of parallelization

- Quadratice sieve (code from Conger)

Medium-grained parallelization

- Linear regression/curve fitting

linear regression easy case

fitting to quadratic equation harder

Medium-grained

- Parallel Ogg Vorbis audio encoding (*)

use a library; split an audio file into large parts and encode each part independently; recombine into one file

could be really trivial or really hard to implement (haven't looked at library code)

coarse-grained, heavy on communication

- Bioinformatics: MPI-BLAST (*)

convert code from http://mpiblast.lanl.gov/
4k lines of C++, probably would take too long to convert

