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Next-Generation Deep-Learning Accelerators:
From Hardware to System
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Growing

Demand in
Computing

Two Distinct Eras of Compute Usage in Training AI Systems
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Domain-Specific Accelerators

e Customized hardware
designed for a domain of
applications.
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Full-Stack Optimization for DL Accelerators

Design of e MAGNet [ICCAD’2019]
Accelerators e Simba [MICRO’2019 Best Paper Award]
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Accelerators don’t exist in isolation.
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Mobile SoC Usecase

* Mainstream architecture has long
focused on general-purpose CPUs
and GPUs.

* In an SoC, multiple IP blocks are
active at the same time and
communicate frequently with each
other.

* Example:
* Recording a 4K video

* Camera -> ISP
* “Preview stream” for display
* “Video stream” for storage

* DRAM for data sharing
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Full-System Visibility for DL Accelerators

SoC
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Full-System Visibility: Memory Hierarchy
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Full-System Visibility: Host CPUs
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Gemmini: Full-System Co-Design of Hardware Accelerators
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https://github.com/ucb-bar/gemmini

Gemmini Case Study: Allocating on-chip SRAM
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Gemmini Case Study: Allocating on-chip SRAM
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IP2
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* Where to allocated SRAM?

* Private within each IP
e Shared

* Application dependent.
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Large Space of Mapping Algorithms to ML Hardware
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CoSA: Constrained-Optimization for Spatial Architecture
ML Operator Spatial Accelerator
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Results

2.5x speedup
compared to SoTA
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