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TPU production use
started in 2015

TPU development
started in 2013
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TPUBE 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

ZOMI

10  Course https://chenzomil 2.sithub.io/



https://chenzomi12.github.io/

TPUBIN~m

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

TPUV2 pod 20195 LLSFRIZRZFRIEESs , 4TB (HBM ) | “HEIRERRMI LS FHE )| 25D HETE
TPUvV3 pod 20195 >100FBIRFRIEHs , 32TB (HBM ) | —AEIRNERIARIZLS FHE )| 25D HETE
TPUv4 20214F RN | SR AR
TPUv4 pod 20224F FERE A5 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
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The Core of TPU: Systolic Array

* Large hard-wired matrix calculation without memory access

® ZOMI

X31

x21

w2l

x32

x22

x12

wl?2

w22

x33

x23

x13

wl3

w23

-
= @

25 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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Matrix Multiply Unit{MXU): a BIG systolic array

* Up to 256K ops / cycle m N

* Up to 256M ops / instruction
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TPU v2

TPU v2 F 2017 £ 5 BA%. (M |
6 GB Bt N1F HBM , AR EER
=l 600 GB/s , IEEESIXZ 45 TF
LOPS,

TPUv2 #HESI R IEEEST 180 TFLOPS
HOPDS AR | FRIGELT 64 MEER
ZHZ%PK 256 1 A HY Pod #BE | BB
E/31K% 11.5 PFLOPS,

M%_ﬁ TPUV2 IRRILUA I TFE RIS
, 5|\ BFl6,
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TPU v2 - 4 chips, 2 cores per chip
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BFLoat16

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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3

bfloat16: Brain Floating Point Format Range: ~1e7% to ~3e*

Exponent: 8 bits Mantissa (Significand): 7 bits

< £~ =

EEEEEEEEMMMMMMM

2 ZOMI 37  Course https://chenzomil 2.sithub.io/



https://chenzomi12.github.io/

Y SR ER ?

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
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BFLoat16
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TPU v2 POD

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

64 2n’a-ge .:_
K. 5 petaflops~ e
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TPU v2 POD

TPUv2 supercomputer (256 chips)

77,392
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Real Data:

Final Accuracy: 9 3 %
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1.5 petaflops 2-D torus Training time: 30 min

4 TB HBM 256 chips
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TPU v3

TPU v3 X TPU v2 IEF4R , RIS
TERAEHEMUENT 1% , EHefiit
BEENEE 30% AR fR RIS
T 12% (16 482K ) , T R14RERS 2.67
& , HBM E1FEESBEIRE 2 (8, BeBt
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torus HIEM TPU v2 &0 256 PN HY EE
TPU v3 |1 1,024 PNt/ IXiE Pod #8EEY
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TPU v3

KEWE v3 Pod (g
FNORNIEETTEIRE 123 5{ZIRZF &Y (bf16)
HBM2 Z5 (455 32 GiB_ 900 GBps
WERR/IMEEIERKE 123/220/262 F,
TPU Pod /)\ 1024 ZIRIFES
B 2D I
&1 Pod HIE(ETHEIRES 126 1545 (bfl6)
G4 Pod [ 340 TB/FL
54 Pod fXt4SEE R 6.4 TB/FD
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TPU v3

- 1 v3 TPU S E S TensorCore, B TensorCore EfEHN MXU., — 1N EEB TR
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TensorCore TensorCore
Scalar Vector Scalar Vector
Unit Unit Unit Unit
Matrix Matrix Matrix Matrix
Multiplication Multiplication Multiplication Multiplication
Unit Unit Unit Unit
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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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6. TPUA4
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TPU v4

TPU v4 2 Google TPU Z%Ii+E 5 [EHELE
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44MB , HBM2 AT i8N T 33% = 1.2 T
B/s , B]E HBM2 AESERIFAZE 32 GB,

TPUv4 EVR=HBBY% 3D torus BEAA T, , B
BEZTEMESEN , BUUEERES 4,
096 > TPUv4 5|22 , 7£ TPU v4 POD & HE
{4 1.126 exaflops BY BF 16 IEEE /],

2 ZOMI 49  Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

TPUv4 Overview

Slice now with 3D torus AxAx4

Some Specific slices: rremrpe—
2x2x | (v4-8) connections | ™ p
4x4x4(v4-128)
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4x8x8(v4-512)
8x8x8(v4-1024)
8x8x16(v4-2048)
8x16x16(v4-4096)
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TPU v4
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TPU v4 POD
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