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TPU production use
started in 2015

TPU development
started in 2013
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TPUBSE H

TPUVI TPUV2 TPUV3 Edge vl NPeDljizl—.ll TPUv4i TPUv4 (T;::ilf
Core
Date introduced 2016 2017 2018 2018 2019 2020 2021 2021
Process node 28 nm 16 nm 16 nm 7nm 7 nm
Die size (mm?) 330mm 625mm 700mm 400mm 780mm
On-chip memory (MB) 28MB 32MB 32MB 144MB 288MB
Clock speed (MHz) 700MHz 700MHz 940MHz |050MHz |050MHz
Memory 8 GB DDR3 | 16 GB HBM | 32 GiB HBM 8GB DDR | 32 GB HBM
Memory bandwidth 300 GB/s 700 GB/s 900 GB/s 300GB/s 1200 GB/s
TDP (W) 75 280 450 175 300
TOPS (Tera/Second) 45 123 4 275
TOPS/W 0.31 0.16 0.56 2 1.62
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TPUBIN

&R BJ1E (£33 RzF3
TPUVI 20164 92Tops + 8GB DDR3 HUEHOETE
TPUV2 20175 |80TFlops(SE A 43RG ) + 64GB(HBM) FHE )| 25D HETE
TPUv3 20184 420TFlops + 128GB(HBM) ROl ZRFTHER
Edge TPU 20185 N EEEENREYE loT &%

TPUV2 pod 20195 LLSFRZRZFRIEESs , 4TB (HBM ) | “HEIRERIRMI LS FHE )| 25D HETE
TPUv3 pod 20195 >100FHIRFRIEHs , 32TB (HBM ) | —AEIRERIARIZLS FHE )| 25D HETE
TPUv4 20214E RN | SR AR
TPUv4 pod 20224F FORE A2 F TR
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Google Tensor

Google’s machine
learning-engine

Advanced image
signal processor

Ultra-low power
context engine

Powerful CPU — ¢ I o ..

2 high-performance cores — L
2 mid cores ;

4 high-efficiency cores

20-core GPU
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HFGoogle Tensor | pixel 71

Coffee with Robin in 30 min
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The Core of TPU: Systolic Array

® ZOMI

X3

x21

x| |

wil

w2 |

x32

x22

x|2

wl2

w22

x33

x23

x|3

wl3

w23

.

3
!

-

inputs

weights

24 Course https://chenzomil2.github.io/



https://chenzomi12.github.io/

The Core of TPU: Systolic Array

* Large hard-wired matrix calculation without memory access
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The Core of TPU: Systolic Array

* Large hard-wired matrix calculation without memory access
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The Core of TPU: Systolic Array

* Large hard-wired matrix calculation without memory access
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The Core of TPU: Systolic Array

* Large hard-wired matrix calculation without memory access
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The Core of TPU: Systolic Array

* Large hard-wired matrix calculation without memory access
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The Core of TPU: Systolic Array

* Large hard-wired matrix calculation without memory access
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The Core of TPU: Systolic Array

* Large hard-wired matrix calculation without memory access
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Matrix Multiply Unit{MXU): a BIG systolic array

* Up to 256K ops / cycle

> Up to 256M ops / instruction
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Google Application

Go
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App Engine Slides Hangouts Translate Maps YouTube Sites News
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AdSense Google+ Trends Play Gmail Classroom Search
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TPU v2
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float32: Single-precision IEEE Floating Point Format Range: ~1e™* to ~3e*

Exponent: 8 bits Mantissa (Significand): 23 bits
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float16: Half-precision IEEE Floating Point Format Range: ~5.96e8 to 65504

Exponent: 5 bits Mantissa (Significand): 10 bits
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float32: Single-precision IEEE Floating Point Format Range: ~1e™* to ~3e*

Exponent: 8 bits Mantissa (Significand): 23 bits

<3 o=

=

EEEEEEEEMMMMMMMMMMMMMMMMMMMMMMM
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TPU v2 POD

Google’s HPC cluster for ML | 1.6 PFLOPS with 64 Cloud TPUs.
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11.5petafiops

4 terabytes of HBM memo
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TPU v2 POD

TPUv2 supercomputer (256 chips)
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TPU v3
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TPU v3
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TPU v3
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TPU v3 POD

Google’s HPC cluster TPU 3.0 Pod: 100 PFLOPS(8X faster than v2)
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TPU v4
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TPUv4 Overview

Slice now with 3D torus AxAx4

Some Specific slices: ——
2x2x | (v4-8) connections | ™ p
4x4x4(v4-128)
4x4x8(v4-256)
4x8x8(v4-512)
8x8x8(v4-1024)
8x8x16(v4-2048)
8x16x16(v4-4096)
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TPU v4
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Virtual Core
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TPU v4 POD
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Bring Al System to every person, home and
organization for a fully connected,
intelligent world.
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The information in this document may contain predictive
statements including, without limitation, statements regarding
the future financial and operating results, future product

portfolio, new technology, etc. There are a number of factors that
could cause actual results and developments to differ materially
from those expressed or implied in the predictive statements.
Therefore, such information is provided for reference purpose
only and constitutes neither an offer nor an acceptance. XXX
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