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Spatial DNN Accelerators MAERI Overview

P> Benefits of Spatial DNN Accelerators — g Activation Control Layer Topology
: _.k
pe

- High throughput with massive paralleism provided by spatially placed compute units Activation Units
(or, processing elements; PESs) computaion {Layert Lajer_Layer
- Data reuse opportunities within PE array

- Direct communication among compute units without talking to memory
- Energy efficiency

P> Challenges of Spatial DNN Accelerators
- Programmability Sources of Underutilization Problem

- Underutilization ® DNN topology
- Various DNN layer types and dimensions
® Mapping Inefficiencies

- Partitioning strategies (intra- or cross-layer, tiling) > Features _ o
- Data density optimizations (sparsity, compression, etc.) i Fine-grained Compute units Enables hlgh-UtlhzatIOn

- Data reuse strategies (weight- and output-stationary, etc.) _ _ even wWith irreceular dataflow
\WMAERI ® Interconnects (NoCs) - Programmable interconnections (Sparse inter-flgayer fusion. etc.)
- Insufficient bandwidth - CNN/RNN (LSTM) Support ' ’ .

- Inflexibility base on rigid interconnects
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Look-up Table (LT) generated by MAERI. (g) Distribute Network (DN) patterns in DNN accelerators. Span of target leaves Span of target leaves
- Separate multiplier/adder integrated with network switch Forward link used Forward link not used
- N n-bI | ing Net | tin ff ient m in - Identify the usage of each forwarding links by checking usage of subtrees
O OCKINg Networks supporting efrficie dpping - Forward link is used only if less than equal to half of subtrees of the parent node (ASE) of the node with forward link (ASA)

Walk-through Examples Evaluations
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* SA: Systolic Array - NoCs (or interconnects) in MAERI provides

significantly better scalability in area and power

*Comp match: The same number of compute units

» Performance (throughput/latency) P> Utilization and NoCs
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(2) Weight / Input Activation Distribution (2) Input Transform Computation

S » Diverse DNN dimensions and optimizations (sparsity, fused layer, etc.)
VN4 J VNS VNG ! introduce irregular dataflow in DNN Accelerators

» Most of DNN accelerators contain rigid interconnections that involve
mapping inefficiency with irregular dataflow
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» MAERI provides reconfigurable interconnect with flexibility and
% grife eriite erife. sufficient bandwidth to support irregular dataflow

» MAERI provided 8-458% better compute unit utilization across
multiple dataflow mappings that results in 72.4% lower latency in
average
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(3) Output Activation Calculation (4) Output Activation Computation




