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SIMD (Single-Instruction, Multiple-Data) architectures such as GPUs naturally

support streaming computations that process a long stream of independent The PrOg ra m me r’S View DeSign prinCipIe: programmer nEEd not Pe rfO rma nCe

data items. Items may be grouped into ensembles of size equal to the SIMD explicitly COde interaCtiOn among SlMD |anes! Experiments conducted on an NVIDIA GTX 980Ti GPU w/CUDA 8.0

width (e.g. GPU block size), with each element processed in parallel by a
single SIMD lane (= one GPU thread). Synthetic Benchmark
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The MERCATOR framework eff|C|entIy expresses L support code y 1 Queueing boosted performance o pipeline, especially for short queries.

irregular streaming computations for SIMD platforms.

The programmer implements each module type in a MERCATOR-generated function
skeleton. Each SIMD lane receives an input value and a node tag indicating which node

. Abstracts irregular behaviors using dataflow U n d er th e H 00 d of this type received the value. Outputs are emitted (“pushed”) to a specified MERCATOR efficiently abstracts irregular streaming
representation of application (connection to an edge) along with their tags, which preserve their node associations. GPU computations. Its runtime infrastructure helps

performance in the presence of irregular behavior.
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. Supports irregular behaviors (filtering,
divergence) efficiently, transparently using
SIMD-parallel algorithms
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Infrastructure Implementation Challenges Future work

- Exposes opportunities for optimization J Avoid deadlock in app graphs with cycles 0 Expand set of apps expressible in MERCATOR

" Nested loops, with guaranteed deadlock freedom
J Limit allocation of scarce GPU per-processor memory » Tagged reduction (e.g. edges of each vertex in a graph)

MERCATOR targets NVIDIA GPUs using the CUDA language.

-1 Exploit optimization opportunities
" Trade off occupancy vs. overhead to maximize

throughput of nodes with small execution times

Decision cascades (image recognition, _ _ Ya - Reduce overhead using SIMD-friendly algorithms for " Allocate multiple inputs to each SIMD lane to hide latency
biosequence analysis, sensor data processing) P attern matching (e.g. network traffic) A MERCATOR app is realized as an uberkernel’, with all nodes ana . SChEdUIIHg for module flrlngs = Partition app execution across GPU processors to

inter-r'wode data management running on the GPU. The entire app . managing queues hetween nodes oad-balance nodes w/different service rates
J%Dlg%l@ runs independently on each GPU processor. Replicates on all
; " References

. Limit and coalesce GPU global memory traffic

Irregular streaming computations matter!
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