BRUCEK
KHAILANY

DIRECTOR OF RESEARCH, ASIC & VLSI
NVIDIA CORPORATION




HIGH-

PRODUC FIVITY
LC DESIGN FOR
MACHINE
LEARNING
ACCELERATORS

This research was, in part, developed with funding from the Defense Advanced Research Projects Agency (DARPA).
The views and conclusions contained in this document are those of the authors and should not be interpreted as representing the official policies, either
expressed or implied, of the U.S. Government.



DESIGN COMPLEXITY = P

More transistors: improved capability AND design costs

NVIDIA Xavier SoC [CES 2018]

[Electronics 1965]
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MOTIVATION - LOWER DESIGN EFFORT fEAIVIDIS

 Typical development timeline: 3-5 years from R&D to product:

2013 2014 2015 2016 2017 2018

 Design and especially verification dominates implementation effort
 Majority of all digital IC design effort at NVIDIA
e Prohibits which features make it into each SoC

« How commercial companies would benefit from 10x lower design effort
e Overlap architect & implement phases for faster time-to-market
 Get more features into each SoC

DISTRIBUTION STATEMENT A. Approved for public release



RESEARCH APPROACH UNDER CRAFT fEAIVIDIS

RAISE HARDWARE DESIGN

LEVEL OF ABSTRACTION AGILE VLSI DESIGN
 Use higher-level languages  Small teams, jointly working on
« e.g. C++ instead of Verilog architecture, implementation, VLSI

e Continuous integration with
automated tool flows

 Agile project management techniques
o 24-hour spins from C++-to-layout

« Use tools

* e.g. High-Level Synthesis (HLS)
 Use libraries / generators

e MatchLib

HLS + Vmod gen

2-8 hrs (license-limited)
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OBJECT-ORIENTED HLS-BASED DESIGN DI

“Push-button” C++-to-gates flow
Target: 10x productivity of manual

— Modular Approach To
Ircuits and Hardware rary

e HLS-compatible RTL coding

« Highly-parameterizable, high e
QoR implementations [:}};}":;][:;;:?]7

e Open-sourced at (coagsytemc)
https://github.com/NVIabs/matchlib G+ simulation
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[“A Modular Digital VLSI Flow for quh Productivity SoC Design”, Khailany et al., DAC 2018]
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https://github.com/NVlabs/matchlib
https://research.nvidia.com/publication/2018-06_A-Modular-Digital

<A NVIDIA.

AGILE VLSI DESIGN TECHNIQUES & NVIDIA 2019

SMALL, ABUTTING PARTITIONS GLOBALLY ASYNCHRONOUS LOCALLY
FOR FAST PLACE-AND-ROUTE SYNCHRONOUS

ITERATIONS PAUSABLE ADAPTIVE CLOCKS

Daily iterations through P&R tools « 100s of local adaptive clock generators
 Always working on “top of tree” RTL « Fast, error-free clock domain crossings
Agile, incremental approach to design closure “Correct by construction”
du”r%%vrenaalirfleg-;?étlgﬁzoﬁrn?:g Sc?)nstraints top-level timing closure
. RTL design bugs, performance, VLS|  Reduced margin for power-supply noise
E:(;)gnesttrzglrnts, e iteel eSuings el cemiaie [“A Fine-Grained GALS SoC with Pausible Adaptive
Clocking in

16 nm FInNFET”, Fojtik et al., ASYNC 2019 (Best Paper)]
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3 SOC TESTCHIP DEMONSTRATIONS EanvIDUS

Programmable ML Inference

Accelerator in TSMC 16nm FIinFET

B 5 2

RC17 Testchip

I I
2016 | 2017 | 2018

Chip Purpose Team RTL + Verif
Effort
RC17 Develop 8-10 people for arch, 20 eng-
Methodology RTL, verif, VLSI months
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3 SOC TESTCHIP DEMONSTRATIONS EanvIDUS
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Programmable ML Inference

Accelerator in TSMC 16nm FIinFET
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RC17 Develop 8-10 people for arch, 20 eng- GF 14nm
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3 SOC TESTCHIP DEMONSTRATIONS fEAIVIDIS
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(Methodology Demonstration)

RC17 Testchip
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2016 | 2017 | 5018 RC18 Testchip
Chip Purpose Team RTL + Verif
Effort
RC17 Develop 8-10 people for arch, 20 eng-
Methodology RTL, verif, VLSI months
RC17b Demo 2 people + Cadence 5 eng- ; ;
portability Design Services months RCl?b Testchlp
RC18 Demo perf & 5-10 people for arch, (~20eng-\  ~10x RTL design and verification effort
efticiency RTL, verit, VLS months ““reduction compared to manual RTL
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RC18: SCALABLE DEEP NEURAL NETWORK <ANVIDIA.
INFERENCE ACCELERATOR ARCHITECTURE 0NN

Router Interface :
— ——
Manager

Addr Distributed
Gen Weight Buffer
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e Scalable DL inference
accelerator

e 36-die MCM
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 Hierarchical Network L
= 128 TOPS (8b |nt) PaRch1aSge jﬂ: Ll Il H lJ Hl—l %
e 9 TOPS/W =3

Accumulation Buffer

« Used CRAFT flow for design space exploration & VLSI implementation
e 5-10 researchers, 6 months spec-to-tapeout
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FABRICATED MCM-BASED ACCELERATOR <& NVIDIA

e TSMC16nm testchip
16 Processing Elements (PE)
e 100 Gbps between chips in mesh
 Wide performance range
e 1-die: 4 TOPS (4W)
o 36-die: 128 TOPS (106W)
e Energy-efficient compute
e 8-bit integer datapath
 0.11-1.0 pJ/op (0.41V-1.2V)
 Energy-efficient chip-to-chip
communication (GRS)
o 11-25 Gbps/pin, 0.82-1.75 pJ/bit

2.5m

2.4mm

[“A 0.11 pJ/Op, 0.32-128 TOPS, Scalable, Multi-Chip-Module-based Deep Neural Network Accelerator with

Ground-Reference Signaling in 16nm”, Zimmer et al., 2019 VLSI Circuits Symposium]
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SUMMARY AND FUTURE WORK fEAIVIDIS

 Design methodology R&D can solve the complexity problem

e Summary
* Raise the level of design abstraction (languages, tools, libraries)
* Rethink design best practices to optimize for agile VLSI development

e Future work

* |Improve the maturity and adoption of libraries within the HLS community
 GPU-accelerated and ML-assisted EDA algorithms research
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