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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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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

Taworsk: Alexander Kanlan Harshit Khaitan Daniel Killehrew Andy Koch Naveen Kiimar Steve [ acv Tames T andon

Many architects believe that major improvements

in cost-energy-performance must now come from
domain-specific hardware.

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 (TPU)— 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”
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Ref. Keynote by Linley Gwennap,
Linley Fall Processor Conference 2021
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- Facebook

BASEVIE (NLP) (CHHMEUZAIF v TRFEH(2019/1SSCC)
- Amazon

HRBEHAIT W J(AWS Inferentia)Z5aF(2018)
450%DF v THFEF— A

- Baidu

257 RETAIF W I (Kunlun)Z % (2017, 2020/Hot Chips)
14nm, HBMx2, 150W, 256TOPS, PCleGen4x8

- Alibaba

HEEREFAAIF v 7 (Hanguang 800)% B (2020/Hot Chips)
12nm, 825TOPS, 192MB on-chip SRAM, 700MHz

- Preferred Networks

FERAIF W (MN-Core) =% (2018, 2020/1SC)
524TFLOPS, 500W/4die
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[AI Moves From the Cloud to the Edgel

FEfZ8E Dby Linley Gwennap, Linley Fall Processor Conference, October 20, 2021
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Ref. Linley Fall Processor Conference, 2021

- J\AIT> K (B#EE. etc.)

Nvidia Orin X : 72 TOPS at 25W~254 TOPS at 100W
Xilinx Versal AI Edge FPGA : 202 TOPS at 75W
Qualcomm Cloud AI 100 :100 TOPS at 15W~400 TOPS at 75W

= R/O-—I>F (BEHRADAS, etc.)
Ambarella : 12 TOPS accelerator at 5W
Quadric : 4 TOPS at 2W

ArchiTek : 4 TOPS at 1.5W

RealTek : 0.7 TOPS at 0.8W

-BIKEH (IoTz> Y. etc.)
Syntiant : 500uW

Innatera : 100uW

Ambient, BrainChip : 7 mwW
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RISC-V on i@ T =1 L —4(Palladium Z1)

RISC-V Days Tokyo 2021 Spring, 2021/4/23, i&i&
el 358

RRAXE XFk IZRARN S ALY RELEZ>SI—
FTEmulatorE TCORISC-Vo' OV HICLBLinuxI — M/

O Cadencett®Emulator E TRISC-VI77(C KBLinux®DJ — ~IRID
O RISC-VOV (FERTARA—BHOEAIS AT AR EHRIERIE CRELZO

O EmulationiRBIEE TlE. UART NS> YOS5 FER LT,
Linuxigk - > ROP KUEmulationIXRDE_-S D > % EI]

O #9132M cycleDEITEE E&RIR T2 20/1EE
O RE(XCPUBFREIT#I1.2M cycles/s. E4THFEIT0.9~1.1M cycles/s
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Emulation & SimulationDLEER

parameters " Linux Boot 1M cycles
T <] = |29
<528 Z |28 RTL Gate | G/R | RTL | Gate | G/R
E[ G| D
Emu. 13'38" 15'06" 1.11 0'46" 2'01" 2.63
1| log | Yes| 1/2 |116M| Sim. | 262:46'20"| 561:4740" | 2.14 |2:15'55"|4:50'35"| 2.14
S/E 1,156 2,232 177 144
Emu. 2'20" 2'31"| 1.08 022" 053" 2.41
7 |mem.| No [1/234|132M| Sim. |145:09'48"609:19'36"| 4.20 |1:05'59"|4:36'58"| 4.20
S/E| 3733 14,527 180 314

— Italic numbers are estimated values with extrapolation of 1M-cycle executions.

1M cycles@Emulation TIZFIHAL BF R AN EER TEF . Linux Boot® 1/100K i D E1TIZ
1/18~1/3DEEINI M D, LT=M>T. 1M cycles TR LL & [F ]

—7A . SimulationTCIZ#EAL FEEI AR TS, MM EIZESLinux BootFEHEE [FIELLY
LHEAIFTE S,

UART=1/2E% F DL (L Z LT 5, EmulationTIL K. SimulationDRTLTIL /N, Gate Tl&
(FIXEL, LD 7EL\UART=1/234TD LLEE N F Y,

FRFEEOMNINIZFE L L. RTLT3,700f%. GateT14,500fE B &E 1k
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