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TRE 2122 Histogram of Images Merrimac accumulates streams efficiently by using
0[1]2]3 3 Distribution of Signals hardware supported stream scatter-add operations.
Operation The stream scatter-add instruction simplifies stream
StreamCopy(s, s2(sref), memop_fp32_add) programs, and gives an order of magnitude or more
Stream < o performance benefit over other algorithms and other
Sreamerei o | machines for certain applications.
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Data and reference streams are delivered from SRF to an address generator
and transformed to individual word memory requests (1).

1.00

Individual requests fetch data from DRAM (or Stream Cache) to the fetch-op
unit which resides in Stream Cache unit (2).

Atomic accumulation operations happen in the fetch-op unit and the results
returns to DRAM (or Stream Cache) (3).
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Scatter&Add with 32768 data

NPB Integer Sort

NASA Parallel Benchmark Integer Sort
Sort data which have small range of values
Bucket(radix) sort in general

Use stream Scatter-Add
StreamCopy(sAcc, sKey(sData), memop_int32_add)
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Considerations : number of buckets(B), size of |mage(N), likelihood of Generator | | Generator Buffer Buffer
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Using Scatter-Add : O(N) ( Request Switch ) ( Return Switch )
Privatization : O(NB) , .5(1‘ ‘
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Merge Sort + Segmented Scan : O(N logN) + O(N) Stream Stream Memory
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Scatter-Add method is better than privatization method (1). 'ia"k ;’ 'ia“k Z Interface
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Buckets (log) Memory system structure fluctuates the execution time of l l l l
scatter-add method when bucket size is small (2). _ Off-chip DRAM Switches
O Private 131K data _ Switches A
Scatter-Add method is better than merge sort method 1 Stream Cache Bank
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Off-chip DRAM

Allocation
Mocl || Mocl Mocl || Mocl || Mocl
Mocl || Mocl || Mocl || Mocl Mocl || Mocl || Mocl
Mocl || Mocl || Mocl || Mocl Mocl || Mocl
Mocl Mocl || Mocl || Mocl Segmented Scan
Distribute elements of streams over memory
Operation
FetchAndOp(s, s2(sref), ret, memop_fp32_add)
Stream s ]
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Allocation Algorithms
Using Fetch-Op
FetchAndOp(sHisto(sImage), sAcc, sValue, memop_int32_add)
Complexity : O(N)
Not using Fetch-Op
Sort + Segmented scan
Complexity : O(N logN)

Other applications

Particle in Cell
Fusion plasma micro-turbulence R °o. . . 0
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Gather -> Computation -> Scatter-Add ° ° ° © co
20-30% time for scatter-add S

Finite Element CFD

Future Research

Support fetch-op and scatter-add instructions for multi-
node Merrimac system

More performance comparison with other machines and
algorithms for multi-node system



