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Motivation

 Systolic arrays (SAs) are known to efficiently accelerate dense
deep neural network (DNN) computations, but modern
networks with sparse and heterogeneous layers can cause
many processing elements (PEs) to remain idle, thus leading
to reduced energy efficiency.

 To overcome this, we propose coarse-grained power gating of
idle PEs in a reconfigurable manner, thereby significantly
improving energy efficiency without incurring expensive micro-
architectural efforts.



Main idea

- Reconfigurable 32x32 and 64 x64 SA-based artificial intelligence
(Al) accelerators are implemented to cater to the varying
workloads of some DNN models, thereby ensuring the full
utilization of the active PEs of the underlying SA designs at any
given time.

- Coarse-grained power gating of row and column PEs is
accomplished to match varying computational requirements of
various layers of the DNN workload with the main aim to save
power without expensive micro-architectural modifications.

- Realistic power analysis is performed by using actual DNN
workloads, e.g., MobileNet and ResNet50 workloads.

- A detailed comparison is made based on power, performance,
and area (PPA) and power delay product (PDP) parameters.



Methodology
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Design test cases
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Results

Table 5 Performance analysis of the 32x32 SA across DNN workloads with (w/) and without (w /o) UPF

. r 23 . A7 AT .na
Workload Delay (ns) Area (mm<) Power (W) PDP (W:ns)
w/o UPF w/ UPF w/o UPF w/ UPF w/o UPF w/ UPF w/o UPF w/ UPF
MobileNet 1.56 1.91 7.74 8.41 1.094 0.980 1.71 1.87
ResNet50 1.56 1.91 7.74 8.41 1.077 0.950 1.68 1.81

Better results are in bold

Table 6 Performance analysis of the 64x64 SA across DNN workloads with (w/) and without (w /o) UPF

. A y 2 - A7 AT s
Workload Delay (ns) Area (mm*) Power (W) PDP (W-ns)
w/o UPF w/ UPF w/o UPF w/ UPF w/o UPF w/ UPF w/o UPF w/ UPF
MobileNet 1.56 1.96 30.8 34.2 3.72 2.90 5.80 5.68
ResNet50 1.56 1.96 30.8 34.2 3.60 2.70 5.62 5.29

Better results are in bold
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Conclusions

- Power optimizations cause area and delay penalty.
- Power efficiency is improved as the SA size increases.

- ResNet50 workload performance is better compared with
MobileNet performance for larger SAs, because greater uniformity
in the ResNet50 convolutions is more favored by the underlying
SA architecture.
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