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Eh Al B TPU AR &RE
TPUI BXaNB&54HAT

FUHIX GPU 15 R ZEFEEIAT

- P ~ TPU2 5—5RlZ5+
SHHL DOJO it A ZEFa 34T

TPU3 f48E POD #EE
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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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Course chenzomil2.github.io



https://chenzomi12.github.io/

After 4 Years, TPU Be back

ZA3E : TPUV3 (2018) vs TPUV4(2022) , FHjEIfG T 4
&% - NV &7 7 Volta, Amber, Hopper—IE3{{ZE44 , #kik Al
BHESR : TensorFlow 271K , PyTorchpl /9 7 AIEZEREE

A . KRB KNREE DIRFE KRB
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TPU v4 Z215E

« B v4 TPU B EEFI TensorCore, B TensorCore EfFIU M MXU., — N EEBTTH—

=A== iv]
MRE B,

................................................................ :

Virtual Core :

:

TensorCore TensorCore |

|

Scalar Vector Scalar Vector :

Unit Unit Unit Unit |

|

Matrix Matrix Matrix Matrix :

Multiplication Multiphcation Multiplication Multiplication I

Unit Unit Unit Unit s

Matrix Matrix Matrix Matrix :

Multiplication Multiplication Muttiplication Multiplication :

Unit Unit Unit Unit -

|

|
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TPU v4 =55

TPU v4 2 Google TPU ZF5IHE5|ZRIEIEFAZ |
TZM 16 G0KGa/ MRl 7 K, MXU BEER T
—& , BERTEEINT 9 (= 244 MB, HBM2 §
FHEREINT 33% & 1.2 TB/s , A1 HBM2 AFE
BERFEFFAZE 32GB,

TPUv4 B/ X=180Y5T 3D torus BEXA T, , 5538
& 4,096 /> TPUv4 5|ZZ , TPU v4 POD EHEH
|.126 exaflops AY BF 16 IE(EE ],

HIREIINEEE | @1 Sparse Core 325 , EFT
PUV4I ERIEB Transformer {&EIZE5H),
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Sparse Core : Embedding EIEf#

Embedding SMEEENBISFRIFHE ( Categorical Features ) , EGE{CAYHEITEEIN. NLP/
SRS RSSO ( BIFEIE Prompt/instruct ) , TR AEEEIHERRE4HE |
HIFIEANE S IRGTEIRE LRYREPESRI AT T TensoritE |, BIREIRFR.
REFIPHTHREMEZEREE Tensor LITEMEEERM , EItS(EF Embeddings EEAL
HIREIR O ISR R BB/ NIHAEE Tensor , VB9 NLPASHEE FERINE—E,
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Sparse Core : Embedding EIBfi# (1£3)

REFIPHTHELMNEBERETEE Tensor LITEMBEEN , FIESE Embeddings 1EEES
HUMRER 0 SRAFEAE A S B SB/MIOTREE Tensor , {E/9 NLPAERHERAREIRIE—E,

Output Units

Hidden Layers

Dense
Embeddings

Sparse Features

Wide Models Wide & Deep Models Deep Models

Figure 1: The spectrum of Wide & Deep models.
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Sparse Core : Embedding EIEf# (NLP)

1
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— BRSNS
. g J
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Input Output
Embedding Embedding
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Sparse Core : 37§55 Embedding 717

TPU v4 $&FE ¥ —2HIRI7SC ( Sparse Core ) Falit% , 8bit SIMD , IRE TR ANFITHURIEE.
o] LILLRBAHY Transformer embedding layer 3 fofRFFIEREEFPITE.

Categorical

GPU O

feature 0
[global_batch)]

Categorical
feature 2
[global_batch]

Categorical
feature N
[global_batch]

GPUN

Categorical
feature 2

[global_batch]

Model Parallel

" E—

Embedding 0 output
Columns 0-127
[global_batch / N]

Embedding table 0
Columns 0-127

Embedding 2 output
Columns 0-127
[global_batch / N]

Embedding table 2
Columns 0-63

Embedding N output
Columns 0-127
[global_batch / N]

Embedding table N
Columns 0-127

Embedding 2 output

ERbeciing b Z Columns 64-127

Columns 64-127

[global_batch / NJ

Data Parallel

—

Embedding 0 output
Columns 0-127

[global_batch / N]

Embedding N output
Columns 0-127
[global_batch / N]

Click
probability

interaction

Embedding 2 output
Columns 0-127
[global_batch /N]

Embedding 0 output
Columns 0-127
[global_batch / N]

Embedding N output
Columns 0-127
[global_batch / N]

Click
probability

interaction

Embedding 2 output
Columns 0-127
[global_batch / N] J
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Sparse Core : #Z/I05E14

SC BE IR HBM ( Z¥{LIF GPUDirect ) , 1IN IHIZ fetch, scVPU, flush SFAMRERTT , LIELLEUES
UG IERIFREFE2E172.5MB Spmem ( Sparse Mem ) , FEECAI4RFE 8bit SIMD EBJT ( scVPU ) AILAURIRITE
HIMEHE. SR TPU v4 S RB 4 1 SCZL , B SC Rk 16 14 tiles, BIINAB—LEZFEIDMA, Sort, S
R. ForkZEFE{FRILIEERTT,

. DMA Unit b > g
— Sort Unit
D I
é " Sparse Reduce Unit
SparseCore _
Sequencer > : ] Fork! -
T A —
5 _ i 3
H — ...(16tiles)..._ 8
Host I I II
Metadata g

Concat Unit

Arrows: Red - Control. Purple - Dataflow. Black - Data
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3D torus HEXA R,

3D torusHEX , EEBEZHIH A
ElELE , BRLIEEHES4,096
N TPUv4 5|28 |, 21T 1.126 exaflops
HY BFl6 118, GmIERIIIR 6 Tb
/sec , FA{ERIZ&HZ-~F0 3D IREM
LRAVER,
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3D torus HEXA R,

Slice now with 3D

Some Specific slices:

2x2x1(v4-8 , One TPU v4 VM)

Wrap-around
connections

4x4x4(v4-128 , 4-cube)
4x4x8(v4-256)
4x8x8(v4-512)
8x8x8(v4-1024)
8x8x16(v4-2048)
8x16x16(v4-4096 , half pod)

M AR RNETTEROE , TIART HEL

® ZOMI

17  Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

2. POD



https://chenzomi12.github.io/



https://chenzomi12.github.io/

TPU v4: An Optically Reconfigurable Supercomputer for Machine
Learning with Hardware Support for Embeddings

BT EEAO]EECE ( Optically Reconfigurable ) #1285 S)#B2% &4, POD , B 4096 4™ TPU v4
B RAMRIALTEESERE | TSI lexaflop ( BV I0RYI8XGERIEE ) WED , 88 TH
BIekERERERRIVBERITEI (&) .

KERER | BRI ( Optical Circuit Switching , OCS ) , PODAILISISEMECE S
Z|BRUER |, EE% IR SERT R LIRS ERE.

BRINZERI : 5400{Z22 PaLM / PaLM2 {ERAF TPUv4 POD i)||% 64 &,
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TPU v4 POD RGNS : BEAHPRK

HAEHI : [F4axdx4 (64 ) N TPU v4 it Y+[(|)][3] o Y+[|3][3]
REBRE—E , FER— LGS (C | SO = X1
ube ) ., FBJE 4x4x4 Cube F§ OCS 1&H— | ,'.°?"|   1432,| :’?"I p=ar
N Y+[O][0}ml‘ 13'1'1‘ 231"  '331'};
ECHZR—NEEEE 4096 > TPU v4 84 \ P AT e
e, T 7 27 27 @~/
\Qg\ | | 7 .v;’sﬂj—{m—
IEEMEN © 15 AEREIRIE 7T O o A Sl
*E%\B%/r\l_\__l\ ( J:' I\'/EE'I/:'EU'E ) 1 EX'Y' ‘010 450; 210 m_ , =
s e X . \ JT /7 /7 /7 (w—
ZEAMEERR— R, BT 1T LR
\ L . (00 ngoe zu_)e‘ ‘JI_M—X+0 0
M, TBERATES MR R — e Nl ViV 10X
$ $
&R, EILFRY 3D Tours, O L
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TPU v4 POD RFME : K6 HEX

YRR Cube WRTLIFIEMAVEREEK (I1C1) J3iRIER | IREHIT Cube [BIFIIERSE
Bif., REHETENLXRRATERITENS , SHREEERREAEE DRERZIRTENE |

NRBIEEEREABSHIE | REMMET A EESFTREEMT R EYERIALITRITE.

NTIEBITEFRE , WiRROHZBEKSwn , (KIER, MmytEiEX TR IR RO
AL T Bk, OCS B 64 Bl TPU ¥3pk—*4A Slice [/EIE , ST Pod I Slice [HIEYtHIE
(4096 TPUs ) ; oAt T PodZ[B]HIE,
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TPU v4 POD RGNS : BEAHPRK

Cube ZSCI) 6 HER: , BTMHEZR 16 &
HEER , BRI 96 SHERIEER] O
CS k.,

E1Et 3D IRk |, EXINIRNEREY R
EZZHERAY OCS, Hitt , B Cube 1=
B2 6 x 16 + 2 =48 4 OCS .

48 ™ OCS ZEREEH 64 ™ Cube B 48 X45¢
g RIEFHEX 4096 N TPU v4 55,
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MIHENVITHEERERT

* DGX SuperPod #BELSE U, NVLink/NVSwitch BxZ2 B] LAESE 32 1™ node /2 256 B HI00 {5 A, FFSCIlEE
GPU 900G/sHIEET 5. NV BH128 45 DGX (H 32 HiHI00 GPU ) |, HIZERINEEIECAIER. NVAY
SNEREHLZEMENEIVEE , BEERSHILEHRIITEN | NGRS .

sssssssssssss

TN TN
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MIHENVITHEERERT

NV EZBZE4096ENGPULERE , W] B E S SuperPod FHIRIZAKIEIEMNLE R |, BT EZE
4, ERENRITEERMAZI568 Infiniband Switch,

DGX A100 system 1 DGX A100 system 2 DGX A100 systems 3-7 DGX A100 system 8

SN3700V switch SN3700V switch
(even) (odd -
7]e n[n]a|= [o2?

RRoooOgoeERECooD o

SN3700V switch SN3700V switch

.

7
o
2T

i =]
1727 [ o172 [ vt [ore ~— — amme <
21 =I5 fo—
b o Flexvol FlexVol FlexVol FlexVol
Triio
CoreNetw
5 E

AFF A800 - Controller AFF A800 - Controller 2

AFF A800 - Controller 1 AFF A800 - Controller 2
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TPU v4 POD

TPU v4 POD 7EICIMZRNEE 64 E1 TPU+16 1 CPU 5

B EET90EfZE4"3 Cube B

@ , ICIMNEZINNOCSHEFEIREIE ; TPU ££E$48 > OCS Switch BJ{EER SuperPodJERZE 4096 1 TPU,
SEHEE. RIFERTE FTHMESIENLL , URBEESSEMAPIFFHAIXI LR,
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TPU v4 POD

SRt TR R RENE IR HOH 64 BE. 128 5H. 256 BHE, S
finiband 1BEY , OCS RYRLAER(R. INFEE(R. HWEEIR , IAFRNRFARY 5% , DEAZIRGFIIZRAY 3
%. B TPU v4 ERE S SparseCores ZURMALIERS | BIISMKEERANBIRELINE 5 2 7 5 , B(XEA 5% B9
R A EFAILIFE,
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TPU v4 POD ¥

FEEFIRIRENEDE (LURSLEETE ) BT , [SS Hal S RrEosiiEn T , B RGT
MERSRTH REOCSEIEIAGSS , AL ELEFF A E B,

Goodput vs CPU Host Availability with/without OCS

100% w99 9% w OCS
99.5% w OCS
m 99.0% W OCS
w= == 09.9% w/o OCS
99.5% w/o OCS
== == 99 0% w/o OCS

50%

25%

Goodput: utilization of jobs at slice size

0% =
| s IS & £ o o £ 0 o
0w O | | o o ' € o
~— (@] < (o] o O (@]
- N
Slice Size
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Optical Circuit Switching
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YeIBFHFX A/ Palomar

{ERRIRET MEMS REFRMEFIRRAR |, BINRIERFER— 2D MEMS 53R , BId =6 5T 5=
(EREEEIR , MTISCIEEETIIR. (EF MEMS SEEEFF K A e LASCERIRIRAE | (RVIHRIER ( Z2F0RK

Bl ) . EDOFE. (RAAN.

Injection Module

(850 nm laser
diode source)

Fiber Collimator
(136 inputs &
outputs)

2D MEMS Array
(136 mirrors per
package)
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‘i1 § Camera Modules

(850 nm Rx)
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Fiber Collimator
(136 inputs &
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2D MEMS Array

v~ (136 mirrors per

package)
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2D MEMS 551

Palomar MEMS/ 59 E14<HVRR ., B EEER MEMSZ ETESig : BNRETESEENT
ERNEFERENABELSHL , R EEF 176/ a R MRIKEI XIS, , FFERAN R _LELE
b A SNV SRR 5,

Outer axis
MEME " Wirebonds ~ poualaser comb drives
mirror die : -axi
(4/mirror) miror (X-axis
motion)
A‘:‘ coated Ceramic Traces fo Inner axis
mirror reflector package gl comb drives
surfaco each mirror (Y-axis
motion)
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Google Bt XS H Palomar T{E[RIE

Palomar OCS F&eng 1T
BrEE , AR MEMS
RETEES T/E, H%REis

SESHE , St

H-

aN:Nh

&)

R{ESIRERESI0 , 850nmiE
KEE (48 ) BFATK

B,

AEEICR BRI RV R,
FEFERYMIZR D 2BATHEML , M
IRER=IA==VsR

® zoMl

(136 mirrors) (136 mirrors) ' \
¥ array array \
/iber collimator array Fiber collimatorarrk

y
Injection module
(850nmlaser dio@e source)
/ -

Monitorlight

(850nm) Dichroic splitter
Je———y " :
(split/‘combine 850nm

4 light to signal light)

{

Signallight
. (O band)

2D MEMS array 2D MEMS array

N ZD lens

(136 in/outputs) (136 in/outputs)
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Google B $iEHX it/ Palomar SLE]

Palomar OCSYERRFA |, LARIBMNAYKERRMY : a ) SEeERRS | b) HBHURIR | ¢ ) FRMEMSEE
F,d)iENER , e ) ZRBSEIESGE.

® ZOMI

Camera Modules
(850 nm Rx)

Injection Module
(850 nm laser
diode source)

Dichroic splitters &
combiners
(spli‘combine 85(C
nm and signal light

Fiber Collimator
(136 inputs &
outputs)

Fiber Collimator
(136 inputs &

outputs)
2D MEMS Array 2D MEMS Array
(136 mirrors per v~ (136 mirrors per
package) package)
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Palomar OCS

* Palomar OCSSEHJE|, HECPUMR. EEIR. XUEHIBERIZIRAVSHIAE,

HV Driver
Boards (x12)

Fan Boards
(x4)
Power
Supplies
(x2)

CPU board
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Palomar OCS

* Palomar OCSIFHf8RIEME , E7~FRU,

4RU Chassis
HV Driver
Front Panel Boards (x12)
LC/APC <
Connectors
(x272)
Power
Supplies (x4),
Fan Modules
(x2)
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=

{RAJZE : 3D Tours AEMEPT R IBRIEMEZANES: , FJLIRKERATER ; TEHITRIE
HRIETHMEEION. EMaHIFHTIESIEIEA.

(BRI | I THEESENT &=, 3D Torus FHFNVEERETF Clos 3hFh , EMELLZT ,
RIS ISRV S R IR B E R | NBERED | TTalep.

BRI ERD | Google OCSMZE oI AI ERFCISH | SilicERRHERIE < JIFI LAZEIR NG |
THRFEHEIMBW ; FEXIMMFIEE S ZIRE N EET <.

SBFSEHTR - SEMELIREE FHIENT REEEE LR , 1EZEI/OB(S. data-flow
KREERERRE , #RERAVEETTHE | RRIUL TERMINFE. XEiZE3D Torus FAEEHE
EYEIERESHEEN , BERIEHEERL,
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R

RFERAE(R : ClosthM B REZIFEER A | MERSse B RIS —BEAILFIN , HArah
NiHERR £ EITER , TTMRTFEZE | IXTE3D Tours HFMNPTTALRIL.

IFMETE : TEClosiXFSpine-Leaf SMIHRFNF |, ¥ FFTHIM IR ERIEIER |, TTHEENSRIZR ;
fREEZT |, 483D Tours SSHILCIREZAIFERT | AJRERREMECER AT,

SEIIEIEDRE : ClosBEETHRNTRZENSHEZ R , MNMSEIMRBIIEMITR ; BA3
D ToursE5SHtIRMAZ AR , (BEMB N ClosHIBRIBRHET S , BEFBNRATMNENEE.
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RERNEHESEELCRINRITERER , BEXNERBN , SIFEZERBALTESR | MAHESHET
BN (BRSHFLOPSIRAPAT ) , TPU v4 X TF s B BA IR LAISZES.

BE-CRIMERITETPU vARNRHR , ATERCHESFAZANESRERITEERR, BRENTHE
JEigTl ( HF32/BFl6 ) SZHF , I TMERITESR | W THREIKERE AT HINERS,.

Benchmark ZYMRZEFIMGRIMREIEIRERTTEZEMITN , XLA fmiFssiu i B ELAEIEN. 2K
TPU vAEHIABAENS ?
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louppi, Norm, et al. "Tpu v4: An optically reconfisurable supercomputer for machine learning with hardware support for embeddings." Proceedings of the 50th Annual

International Symposium on Computer Architecture. 2023.

https://mp.weixin.qg.com/s/xq4G52YA4x020X0]o | KRmg
https://mp.weixin.qg.com/s/XKé-pbocjg5XXx5AvGD9Lg

https://www.nextplatform.com/2022/10/1 | /deep-dive-on-googles-exascale-tpuv4-ai-systems/

https://unwire.pro/2018/01/06/go0ogle-ai-and-tpu/news/

https://www.zhihu.com/question/594797182
https://blog.csdn.net/df12138/article/details/ 127045083

https://www.youtube.com/watch?v=VQoyypYTz2U

https://zhuanlan.zhihu.com/p/564 158324

https://www.cnblogs.com/sea-wind/p/10993958.html

https://cacm.acm.org/magazines/2020/7/245702-a-domain-specific-supercomputer-for-training-deep-neural-networks/fulltext’mobile=false

https://www.top500.org/news/google-reveals-major-upgrade-and-expanded-role-for-tpu/
https://baijiahao.baidu.com/s?id=1762327109978922365&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1762787905708085293&wfr=spider&for=pc
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