CSE 160, Fall 2006 University of California, San Diego

Homework #4
Due Friday 10/27/06 at 5pm

1. Interconnect. A k-ary d-cube is an interconnection network with k% nodes, and is
a generalization of the mesh and hypercube interconnects. There are k nodes
along all d axes with end around connections. A 4-ary 2-cube is pictured below.
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How many links are there in a k-ary 2-cube? A k-ary 3-cube? A k-ary d-
cube?

What are the diameter and bisection bandwidth of a k-ary d-cube?
Assume that the bandwidth of a link is the quantity ‘B.’

What is the broadcast time for short messages, assuming a message start
time o?

Aring is a special case of k-ary 1-cube. Give a strategy that maps a ring
with k? nodes onto a k-ary d-cube with k® nodes. Let ring(i) represent
node (i) of a ring, and kdcube(ig,i1, ..., ig-1) represent node (io,is, ..., ig-1) Of
a k-ary d-cube. Start by working out the special case of d=2 or 3, then
generalize to d-dimensions. There are many possible mappings, but
choose just one. Describe in words, with an appropriate diagram as
necessary.

2. Parallel prefix.
The prefix sum (also called a sum-scan) of a sequence of numbers xy is a
sequence of running sums Sk defined as follows

80:0
Sk = Sk1 + Xk

Thus, scan (3,1,4,0,2) = (3,4,8,8,10)

a. Design an algorithm for prefix sum based on the hypercube interconnect.
b. Derive an accompanying performance model



3. Communication optimization.

a. In class we studied the 5-point 2D point Jacobi solver for Poisson’s equation.
In some applications, we need higher accuracy, and we solve the equation
using 9-point stencil, updating each value of the solution as a function of its 8
nearest neighbors, according to the following algorithm. Assume that Unew
and U are dimensioned as N+2 x N+2 arrays.

forall (i=1:N-1, j=1:N-1)
Unewl[i,j] = (-20*Ul[i,j]+4*[U]i,j+1]+U][i,j-1] + U[i+1,j]+U[i-1,j]) +
U[i+1,j+1]+U[i+1,j-1] +U[i-1,j+1]+U[i-1,j-1]) / (6*h)

forall (i=1:N, j=1:n)
U[i,j] = Unewl[i,]]

Derive a performance model for the parallel implementation of the 9-point stencil
computation, expressing the parallel running time Tp as a function of P and N.
Clearly designate the separate costs of computation and communication.

b. A straightforward approach to updating ghost cells requires communication
from the 8 nearest neighbor processors. However, there is a different
communication algorithm that involves only 4 messages from nearest
neighbors along the 4 Manhattan directions. Derive this algorithm and
compare the communication cost with that of the 8-message method of
treating the 8 neighbors. Determine which method incurs a higher
communication overhead, expressed as a fraction of Tp. Express your answer
in terms of the parameters o, 3, N, and P.
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