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Redundancy in CNNs

Trained CNNs have significant amount of redundancy
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Basic Idea: Skipping Computation with Zero Input
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* In a convolutional layer, producing an output value in the three-dimensional
output feature map requires ~10% multiplications and additions

 Basic idea: skipping zero-input multiplications



Previous Works Exploit Only One of the Two
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Proposed Architecture to Exploit Both Zero Values
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ZeNA v1.0
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ZeNA v1.0

* ReLU module generates
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Work Group (WG)
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» Work group (WG): Spatial dimension
of input activations is divided into

work groups
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Computation Procedure
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Data Flow and Computation: Kernel Broadcast
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Data Flow and Computation: Activation Broadcast
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Zero-aware Processing Element (PE)
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Zero-aware Kernel Allocation
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Zero-aware Kernel Allocation
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* Non-zero weight ratio of 384 kernel tiles (size of 3x3x14) of conv3 layer in
the pruned AlexNet
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Evaluation Methodology

* FIXEDPOINT (16-bit fixed-point) and LOGQUANT (5-bit LogQuant)
implementation

* TSMC 65nm synthesis library (200MHz)

* Chip layout using Synopsys Astro
» Area overhead: FIXEDPOINT (8.5%) / LOGQUANT (6.9%)

* Prime-Time PX for power estimation / CACTI v6.0 for SRAM energy and area
* AlexNet and VGG-16

* We run our accelerator with four modes:
» Zero-weight-aware mode (W2)
» Zero-activation-aware mode (AZ, corresponding to Cnvlutin)
» Zero-weight- and zero-activation-aware mode (WAZ2)
» WAZ + zero-aware kernel allocation (WAZ+KA)
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16-BIT FIXEDPOINT: Performance
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* 4x (AlexNet) and 5.2x (VGG-16) speed up w.r.t. Eyeriss
* 1.8x (AlexNet) and 2.1x (VGG-16) speed up w.r.t. AZ (Cnvlutin)
* 19.6% (AlexNet) and 25.8% (VGG-16) speed up w.r.t. WAZ
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16-BIT FIXEDPOINT: Energy
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* 11.3% (AlexNet) and 18% (VGG-16) energy reduction w.r.t. Eyeriss
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5-BIT LOGQUANT
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* 2.1x (AlexNet) and 1.9x (VGG-16) speed up w.r.t. FIXEDPOINT (WAZ+KA)

* 64.5% (AlexNet) and 61.5% (VGG-16) energy reduction w.r.t. FIXEDPOINT (WAZ+KA)
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Summary

Redundancy problem in CNNs

* Abundant zero values in weights and activations

ZeNA reduces runtime and energy consumption by
» Skipping multiplications with zero input
* Resolving zero-induced load imbalance problems

Significant performance improvements (16-bit fixed point in ZeNA v1.1)
* AlexNet: 4.4X speedup
* VGG: 5.5X speedup
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