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40 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2015 by K. Rupp
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IEEE Rebooting Computing Initiative/* X5 — &
“to rethink the computer, "from soup to nuts,"
including all aspects from device to user interface.”
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HMBZEZED 1 DIC"H° AM-P BT TR EFREOMIE Z55E
IARPA(IEHHERERDAFR BB N EFE1E. JI5TEH.
“1-0ETE D) 0y 1) MEERE L
GooglefrTPUFE (TPU2.0 in 2017, TPU3.0 in 2018)
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DARPAH'Electronics Resurgence InitiativeJ° 03" 1/ Miia

PattersonZi#%dTuring AwardL-ZJF + —@ISCA
“A New Golden Age for Computer Architecture”



IEEE International Conference on
Rebooting Computing

- 2016 K DEF 1 1 HEIE

- 2017F Dt 3 AERK
Neuromorphic Computing track
Probabilistic and Near-memory Computing track
Energy-efficient and Adiabatic Computing track
Novel Architectures and Near-memory Computing track
Quantum and Special Purpose Annealers track
Quantum Computing track
Optical Computing track
Algorithms and Applications track
Future EDA track
Beyond CMOS track

- 5E .
- Intel Creates Neuromorphic Research Community
to Advance ‘Loihi’ Test Chip, 1 Mar. 2018

- Intel Starts R&D Effort in Probabilistic Computing for Al,
10 May 2018



International Symposium
on Computer Architecture, 2017

In-Datacenter Performance Analysis of a Tensor Processing Unit™

Norman P. Jouppi, Cliff Young, Nishant Patil, David Patterson. Gaurav Agrawal, Raminder Bajwa, Sarah Bates,
Suresh Bhatia, Nan Boden, Al Borchers, Rick Boyle, Pierre-luc Cantin, Clifford Chao, Chris Clark, Jeremy Coriell,
Mike Daley, Matt Dau, Jeffrey Dean, Ben Gelb, Tara Vazir Ghaemmaghami, Rajendra Gottipati, William Gulland,
Robert Hagmann, C. Richard Ho, Doug Hogberg, John Hu, Robert Hundt, Dan Hurt, Julian Ibarz, Aaron Jaffey, Alek
Jaworski. Alexander Kaplan. Harshit Khaitan, Daniel Killebrew. Andy Koch, Naveen Kumar, Steve Lacy, James Laudon.
James Law. Diemthu Le. Chris Leary, Zhuyuan Liu. Kyle Lucke, Alan Lundin. Gordon MacKean. Adriana Maggiore.
Maire Mahony. Kieran Miller. Rahul Nagarajan. Ravi Narayanaswami. Ray N1, Kathy Nix. Thomas Norrie, Mark Omernick.
Narayana Penukonda. Andy Phelps. Jonathan Ross. Matt Ross, Amir Salek. Emad Samadiani. Chris Severn, Gregory Sizikov,
Matthew Snelham. Jed Souter, Dan Steinberg. Andy Swing. Mercedes Tan, Gregory Thorson. Bo Tian. Horia Toma.
Erick Tuttle, Vijay Vasudevan, Richard Walter, Walter Wang, Eric Wilcox. and Doe Hyun Yoon
Google, Inc., Mountain View, CA USA
Email: {jouppi, cliffy. nishantpatil. davidpatterson} @google.com

To appear at the 44th International Symposium on Computer Architecture (ISCA), Toronto, Canada, June 26, 2017.

Abstract

Many architects believe that major improvements in cost-energy-performance must now come from domain-specific
hardware. This paper evaluates a custom ASIC—called a Tensor Processing Unit (ITPU)— deployed in datacenters
since 2015 that accelerates the inference phase of neural networks (NN). The heart of the TPU is a 65,536 8-bit MAC




D.Patterson¥i4%dMTuring Award2E:8/EH@ISCA2018

“A New Golden Age for Computer Architecture:
Domain-Specific Hardware/Software Co-Design,
Enhanced Security, Open Instruction Sets, and
Agile Chip Development”

~ 20004 4% 2010 ~
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NV
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- Facebook
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- Amazon

HWREHAITF W J(AWS Inferentia)ZFF(2018)
450%DF v THEF— A

- Baidu

2757 REIFAIF v T (Kunlun)ZFa% (2017, 2020/Hot Chips)
14nm, HBMx2, 150W, 256TOPS, PCleGen4x8

- Alibaba

000 RISC-V(Xuantie-910)ZFF+ (2020/ISCA, Hot Chips)
12nm, 12E/)\1TFS5+1 >, X2 N UILEESRSS, 2-2.5GHz

- Preferred Networks

FEAAITF vV T (MN-Core)ZfF (2018, 2020/1SC)
524TFLOPS, 500W/4die
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Nvidia(US): GPU

Intel(US): Nervana NN processor, FPGA

Xilinx(US): FPGA

Wave Computing(US): 16,000 cores on chip, $117M
Cerebras Systems(US): DL training chip, $112M
Groq(US): AI training chip, 400TOPS, $10.3M
Mythic(US): Flash-type NN processor, $55M
Graphcore(UK): 1,000 cores on chip, $110M
Cambricon Technology(China): DL processor, $100M
Horizon Robotics(China): Embedded Al proc., $100M
DeePhi(China): CNN proc., $40M

DMP(JPN): Configurable Al inference processor IP
NSITEXE(JPN): Data flow processor

AXELL(JPN): DL chip

LeapMind(JPN): Inference accelerator IP
ArchiTeK(JPN): Edge Al processor
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