HPC Challenge Award Class 2 Quick Reference 

Note: this document is a summary and is not a substitute for reading the material provided in the references

	Benchmark
	Global HPL
	Global RandomAccess
	Global STREAM (triad)
	Global FFT

	Description
	Solve linear system Ax = b using LU factorization with partial pivoting
	Randomly update a large 1D Table 
	Scale and add two vectors: a ( b + a c
	Complex-to-complex 1D Fast Fourier Transform (FFT): Z (  FFT(z) 

	Data Size
	A is a  nxn double precision matrix.  b is n element vector. size(A) = 8n2 bytes > 1/2 system memory.
	Table is a m element vector of unsigned 64 bit integers.  size(Table) = 8m bytes > ¼ system memory 
	a, b and c are double precision vectors.  size(a) + size(b) + size(c) = 24m bytes > ¼ system memory
	Z and z are m element double precision complex vectors.  size(z+Z) = 32m bytes > ¼ system memory.

	Initialization
	A and b should contain values produced by a reasonable pseudo-random generator with an expected mean of zero.
	Table(i) = i.
	b and c should contain values produced by a reasonable pseudo-random generator.
	c should contain values produced by a reasonable pseudo-random generator.

	Timed Region
	Compute LU factorization with row partial pivoting:

     P[A,b] = [[L,U[,y]

Solve the upper triangular system:

     U x = y
	Create pseudo random unsigned integers r. Use lower bits of r to get index into Table.  XOR r with contents of table:

  for i=0, NUPDATE-1

    r = uInt64rand()

    index = AND(r,m-1)

    Table[index] = XOR(Table[index],r)

  end

Indices may be generated in blocks no larger than 1024.  Must use RandomAccess generator.
	Scale and add two vectors 10 times.

  for j=0,NTRIAL-1

    for i=0,m-1

       a[i] = b[i] + a c[i]

    end

  end
	Perform 1D complex-to-complex FFT

Z = FFT(z)

z input should be in linear “time” order.  Z output should be in standard frequency order.  Reordering time should be included.

	Duration
	Until operation is completed
	NUPDATE = 4 m, or until run time is ¼ of Global HPL run time.
	NTRIAL = 10.
	Until operation is completed

	Validation
	Compute residuals and norms

r =b – A x,  ( = precision

r0 = norm(r, Inf)

r1 = r0/(( norm(a, 1) n)

r2 = r0/(( norm(a, 1)

              norm(x, 1))

r3 = r0 / (( norm(a, Inf)

                 norm(x, Inf) n);

max(r1, r2, r3) < 16
	Reset random number generator. Repeat calculation using a method that will not create any errors.  Should return Table to initial state.  An error rate of 1% is allowed.
	Compare result with an alternate implementation.

Inspection?
	Apply inverse FFT to Z and compare with input z

max(|z – IFFT(Z)|) < 16 ( log2(m) 

	Performance
	Gigaflops = 10-9 (2n3/3 + 3n2/2) / time
	Giga Updates Per Second (GUPS) = 10-9 NUPDATE/ time
	Gigabytes/sec = 10-9 24  NTRIAL m / time
	Gigaflops = 10-9 5 m log2(m) / time

	Reference
	http://www.hpcchallenge.org/class2specs.pdf


