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Abstract


The algorithm is contention-free in a synchronous environment. Under asynchronous execution models, depth contention (contention among message-passing steps) may occur. However, simulation studies show that effect of depth contention on the actual performance is negligible.


Introduction


O(MlogN) for short vectors, O(logN + M) for medium-length vectors, and O((N + M) for long vectors. The O((N + M) complexity is preferred over the O(logN + M) complexity in the case of very long vectors, due to its smaller coefficient associated with M.


No inherent contention in a synchronous environment, depth con-tention under an asynchronous execution model.


System model


�


(+(d+((M-1):(-Startup latency, (-Per data element transmission time, d-Distance from the source to the destination. M-Message length.


3.Building-block algorithms


Tree based reduction


�


TSBT-D=(logn+(Mlogn.


TSBT-R=2(logn+2(Mlogn+(Mlogn.


� EMBED PI3.Image  ���


TBSBT-R=2(logn+(Mlogn+1/2(Mlogn.


�
Bucket reduction
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TB-C=((n-1)+(((n-1)/n)M+(((n-1)/n)M.


TB-D=((n-1)+(((n-1)/n)M+.


TB-R=2((n-1)+2(((n-1)/n)M+(((n-1)/n)M.


2D extensions


TBSBT2D-R=4(logn+2(Mlogn+(Mlogn.


TB2D-R=4((n-1)+2(((n-1)/n)M+(((n-1)/n)M.(4(n + 2(M + (M





�
An adaptive algorithm
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Before describing the new algorithm, a few terms are defined. Columns of nodes are divided into strips of length S, where S is a nature number that evenly divides into the mesh width n. The n x n mesh is divided into S x S blocks, where n is a power of 2. A node along the diagonal of a block is called a block diagonal node.
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mesh:8 x 8


vector length(M):4


strip length(S):2


segment length M/S=4/2=2
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4.1. Phase 1 (Strip Combine)


Apply the B-C algorithm within strips. After the completion of this phase, each node holds a segment of the combined vector. The segment is referred to as the valid segment in the following discussion. This phase requires time


((S-1)+(((S-1)/S)M+(((S-1)/S)M
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4.2. Phase 2 (Row Reduction)


Apply the BSBT-R component algorithm along rows. For a node in row r, this phase operates only on valid segment (r mod S). This phase requires time


2(logn+((M/S)logn+1/2((M/S)logn
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Phase 3 (Column Reduction)


Apply the BSBT-R algorithm along columns. Only block diagonal nodes participate, and only valid segment are involved in the caculations. This phase requires time


2(log(n/S)+((M/S)log(n/S)+1/2((M/S)log(n/S)
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Phase 4 (Local Row Distribution)


Apply the recursive doubling algorithm, SBT-D, to rows within blocks. The purpose of this phase is to distributed horizontally the valid segments, stored in the bloc dlagonal nodes, to other nodes within the block. This phase requires time


(logS+((M/S)logS
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Phase 5 (Local Column Distribution)


Apply the B-D algorithm to the columns within blocks, this is , to strips. This phase requires time


((S-1)+((S-1/S)M
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Discussion


TA2D-R=((4logn+2(S-1)-logS) + ((2logn/S+2(S-1)/S)M 


+ ((logn/S+(S-1)/S-logS/2S)M(


((4logn+2S) + 2((2logn/S+1)M + ((logn/2S+1)M.
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S=1 :BSBT2D-R algorithm


S=logn :O(logN + M)


S=n :O((N + M)
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