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Eh Al B TPU [HSE&RE
TPUI BXaNB&5HAT

FUHIX GPU 15 R ZEREEIAT

- S ~ TPU2 5—5R0lZ5+
SHHL DOJO it A ZEFa 34T
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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
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After 4 Years, TPU Be back

ZA3E : TPUV3 (2018) vs TPUV4(2022) , FRjEIFGE T 4 &
&% - NV &7 7 Volta, Amber, Hopper—IE3{{ZE44 , #kik Al
BHESR : TensorFlow B2 , PyTorchpl /9 7 AIEZEREE

A . KRB KNREE DRFE KB
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TPU v4 Z215E

- B v4 TPU B EEF TensorCore,

MRERNL

B TensorCore EFEIM™ MXU, — ]NEKEEITTHI—

Virtual Core
TensorCore TensorCore
Scalar Vector Scalar Vector
Unit Unit Unit Unit
Matrix Matrix Matrix Matrix
Multiplication Multiphication Multiplication Multiplication
Unit Unit Unit Unit
Matrix Malrix Matrix Matrix
Multiplication Multiplication Multiplication Multiplication
Unit Unit Unit Unit
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TPU v4 =55

TPU v4 2 Google TPU Z5IHE5|ZRIEIEFAZ |
TZM 16 G0KGa/ R 7 K, MXU BEER T
—& , BERTEEINT 9 (= 244 MB, HBM2 §
T BN T 33% & 1.2 TB/s , A& HBM2 AFE
BERFEFFAZE 32GB,

TPUv4 B/ X=180Y5T 3D torus BEXA T, , 5558
& 4,096 /> TPUv4 5|Z£ , TPU v4 POD EiHEH
|.126 exaflops AY BF 16 IE(EE ],

HIREIINE4E | JiE1d Sparse Core 325 , EFT
PUV4I ERIER Transformer {&EIZE5#),
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Sparse Core : Embedding EIEf#

Embedding Y IEESEIBY 3 2KIF1E ( Categorical Features ) , 2iEH{CAYHEENTEEIL. NLP/
IEEA USSR ( BFEIE Prompt/instruct ) |, TN BHIREIRI 45T
I ENE S RS2 LRI AR TTH I TTensor it |, BIREIRHR.
NEFIPRTHEMRBEEENE Tensor LITEMREEN , EItE={5F Embeddings &AL
HIRRER D S AR R B S B B/ NIFEZE Tensor , /E9 NLPASHEELLIRRIISE—E,
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Sparse Core : Embedding EIBfi# (1£3)

REZFIPHTHELMNEBEREIEE Tensor LITEMBEEN | FIESEE Embeddings 158K
HUMRER 0 SRIAFEAE 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)
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Sparse Core : 37§55 Embedding 717

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

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

ERbaciing b Z Columns 64-127

Columns 64-127

[global_batch / N]

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 : tZ/I05E14

SC BeS R HBM ( Z¥{LIF GPUDirect ) , 1IN IHIL fetch, scVPU, flush SFAMRERTT , LIELLEUES
UG IERIFREFL2E172.5MB Spmem ( Sparse Mem ) , FEECAI4RFE 8bit SIMD EBJT ( scVPU ) AILAURIRITE
HIMEHE. TR TPU v4 SRB 4 1 SCZL , B SC Rk 16 14 tiles, BMINAB—LESZFEIDMA, Sort, S
R. ForkZFEE{FRILIEERTT,

. DMA Unit « > g
— Sort Unit
D I
é . Sparse Reduce Unit
SparseCore _
Sequencer > : ] Fork! i
T & —
C — i 3
H —» ...(16tiles)..._ 8
Host I I lI
Metadata g

Concat Unit

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

3D torusHEX , EEBEZHIH A
EElELE , BRLIEEHES4,096
N TPUv4 5|28 |, 21T 1.126 exaflops
HY BFl6 118, GmIERIIIR 6 Tb
/sec , FA{ERIZEHZ-=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)

8x8x 1 6(v4-2048)
8x16x16(v4-4096 , half pod)

M AR RNETTEROE , TIART HEL

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

BT EEAO]EECE ( Optically Reconfigurable ) #1285 S)#B% &4, POD , E 4096 4™ TPU v4
B RAMRIALTEESERE | TSI lexaflop ( BV I0RYISXGERIEE ) WED , @88 TH
BIekERERERRIVBERITEI (&) .

KERER | BRI ( Optical Circuit Switching , OCS ) , PODAILISISEMECE S H
ZIBRUER |, EE% IR SERT R LIRS 1 RE.

BRINZERI : 5400{Z52 PaLM / PaLM2 {ERAF TPUv4 POD i)||% 64 K&,
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TPU v4 POD RGNS : BEAHPRK

HAEHI ; [54x4x4 (64 ) N TPU v4 it Y+[fl)][3] o Y+[|3][3]
REBRE—E , FER— LG (C | ST R
ube ) , FHIE 4x4x4 Cube F§ OCS &EE— | ,'°?""| _-’-”'I .’?‘”I N
; Y+[O][0}mh 13'11‘ ‘mfv m";
R — S HE 4096 4~ TPU v4 B4 VN S AT e
HFAL SR T
\{b\ . A X L _’_.['312:_.':6:_
FEHMAN : S REREIRE A o Casons O 4 S
*E%\B%/r\l_\__l\ ( J:' I\'/EE'I/:'EU'E ) I EX'Y' ‘010 (110 210 5;0"3; ofll
— N P \ e . T /7 /7 /7 (01—
Z=ANEEFIR— R, BB 1L
. L . (00 :190' za_)o‘ 3:_:0—)(4-0 0
M, TBERATES MR FTER—NES < LS oX0
$ $
&R, EILFRY 3D Tours, o L
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TPU v4 POD RFME : K6 HEX

YRR Cube WRILIFIEMAVEREEK (IC1) J3iRIER | IREHIT Cube [BIFIIERSE
Bif., REHETENLXMRAERITENS , SHEEERREEE DRERINTENE |

NRBIEEEAEABSHIE | REMMET A EESFTREEMT R EYERIALITRITE.

NTIERITEFRE , WiRROH ZBEKSwn , (KER, MmytEiEX TR IEE RO
AL T Bk, OCS B 64 Bl TPU ¥apk—*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: , BITMHER 16 &
FEER , BRI 96 SHERIEER] O
CS k.,

ZEft 3D IRk |, EXINIRNIEREY R
EZZIHERAY OCS, Eitt , B Cube &
B2 6 x 16 + 2 =48 4 OCS .

48 ™ OCS ZEREEH 64 ™ Cube B 48 X45¢
a4 RIEFHEX 4096 N TPU v4 5,
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MIHENVITHEERERT

* DGX SuperPod #BELSE UL, NVLink/NVSwitch BxZ2B]LAESRE 32 1™ node /& 256 B HI00 {5 A, FFCIlEE
GPU 900G/sHYEET 5. NV BH128 45 DGX (H 32 FiHI00 GPU ) |, HIZER/INEEICAIER. NVAY
SNERELZEMENEIVEE , BEERSHILHRITEN | NGRS .
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MIHENVITHEERERT

NV EZBZE4096ENGPULERE , W] R E S SuperPod FHIRIZAIKIEIEMNLE R |, BT EZE
4, ERFNRITEERMAZI568 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|u|=

SN3700V switch SN3700V switch

-

S

7
12T

Vi
nfs_01d
LIF
I [ ] —
e
I _— o
-

AFF A800 - Controller 1 AFF A800 - Controller 2

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

TPU v4 POD TEICIMIZRNER 64 E TPU+16 £ CPU B BT B & H4E1ERZ{T 43 Cube B
@ , ICIMNEZINNOCSHEFEIREIE ; TPU ££E$48 > OCS Switch BJ{EER SuperPodJERE 4096 1 TPU,
HHRE. AERTE FIIMNSKBERENLL , DARBEESFEAPFHAIXILLEAR.

b T
L e 4
-ttt -
(@i L.-
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TPU v4 POD

S@ERTEN— , TIERBHEAEMENEFRE , FRATR @ 6415

C 128 . 256 REEE. Hn

finiband #HEL , OCS RIRKAE(R. ITIFEE(R. EEER , AREIRFAAR 5% , IIERAZIRFIZRAT 3
%, T TPU v4 ERELE SparseCores #URIMALIERS , AIISHEER ANRIRELINE 5 2 7 %, (B{NER 5% AY

R A ERRANTIRE.
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TPU v4 POD ¥

EFERRECECEIE ( LINGIR ) BT, RIRCAEIFERAEII%RIENR T , HEARSHIE
IR TEEAMEOCSH Eik6fE | Rl D EIEARAVEEE,

Goodput vs CPU Host Availability with/without OCS

100% e 09.9% w OCS
99.5% w OCS
e 99.0% W OCS
w= == 09.9% w/o OCS
99.5% w/o OCS
w= w= 09.0% w/o OCS

50%

25%

Goodput: utilization of jobs at slice size

0% =
o O o o o o O o
o O o o o o O o
~— (9] < (o] o O (@]
— N
Slice Size
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Optical Circuit Switching
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Y X A Palomar

{ERRIRET MEMS REFRMEFIREAR |, BINRIERFER— 2D MEMS [R53i5R47 | BId =6 5T 5=
(EREEEIE , MTISCIEEETIIR. (R MEMS SEEEFF K A e LASCERIRIRAE | (RVJHRIER ( ZF0RK

Bl ) . ED0FE. (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)

Dichroic splitters &
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nm and signal light

Fiber Collimator
(136 inputs &
outputs)

2D MEMS Array

v~ (136 mirrors per

package)
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2D MEMS %5

Palomar MEMS/ 59 E14<HVRR ., B EEER MEMSZ ET5Sig : BNNRETESEENT
ERNEFERENAKBELSHL , R EEF 176/ a R MRIKEIXIE, , FFERAN R _LELE
b A ANV SRR .

Outer axis
MISHE " Wirebonds ~ poialaser comb drives
mirror die ; -axi
(4/mirror) mirror (X-axis
motion)
A‘:l coated Ceramic os soa 2 Inner axis
mirror reflector package o mi comb drives
surface 9 SRGEANTE (Y-axis
motion)
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Google Bt XSk Palomar T{E[RIE

Palomar OCS J&nZTTFISE
e B |, SEARMAN MEMS
VRIS TIE. B%RZkTS
TR ESEBE 5%
RIESERIZEN0 , 850nm;f
KiEE (468 ) BHATx
CNEE

SRR B RIS HREY,
%%EE,EI’JIW THIIRL , A
IRER=IE==VsR

® ZoMl

Injection module
(850nm Iaser diodesource)

Dichroic splitter

Momtorllght
(850nm) \
l ]
Signallight
. (O band)
y 20 MEMS array
» 2D lens (136 mirrors)
array

iber collimator array
(136 in/outputs)

J——— " .
(split/‘combine 850nm

4 light to signal light)

2D MEMS array
(136 mirrors)

N

(136 in/outputs)
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Google Bt $iEHX it/ Palomar SEE]

Palomar OCSYEHRRFA | LARMBMNAYKERRMY : a ) SCERRS | b) HBHURIR | ¢ ) FZRMEMSEE
F,d)iENER , e ) ZRBSEMESGE.

® ZOMI

l
D

8 | 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 OCSSEJE|, HECPUMR. EEIR. XEHIBERIZERAVSIAE,

V Driver
oards (x12)

Fan Boards
(x4)
Power
Supplies
(x2)

CPU board
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Palomar OCS

* Palomar OCSIFHf8RYEME , 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 AEMBIPT R IBRIEMEZANES: , FJLIRKERATER ; TEHITRIE
HRGTHMMEEION. EMaHIFHTIESIEIIEA.

(BRI | I THEEERENT &=, 3D Torus HFNVEERETF Clos 3hFh , FEMELLZT ,
RIS ISRV S R IR B ERIR | NBEXRED | TTalBep.

FRHRIERD | Google OCSMZE S FFaI-AJ ERFCISH | SilicERRHERIE < JIFI LAZBEIR NG |
THRFEEIMBNE ; FEXIMMFIEESZIRE N EET <.

SHFSEHTR - SEMEIREE FHIENT REEEE LR , 1EZEIOB(S. data-flow
KREERERRE , #RERANEETHE | RRIUL 7RI, XEiZ3D Torus FAEKEHE
EYEIRERESHEEN , BERIEHEERL,
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R

RERAE(R : ClosihiM B REZIFEER R | MERSae B RIS —REAILFIN , HArah
NiHERR 2 e EATER , TP | IXTE3D Tours HFMNPTTALRIL.

IRFMETE : TEClosiXFSpine-LeafSMIHRINF |, ¥ FFTHIM IR ERIEER |, FTTHEENSRIZRY ;
fREEZT |, 483D Tours SSHILCIREZAIFERT | AJRERREMELER AT,

SEIIEIDRE : ClosBEETRNTRZENSHEZRRT | MMSEIMRBIIEMITR ; BA3
D ToursZ5HtIRMAZIRAETSR , (BEMB N ClosIBRIBRHET S , RN TMNENEE.
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RERNEHESEELCRINRITERER , BEXNERRBN , SIFEERBALTESER | MAHESHET
BN (BRSHFLOPSIRAPAT ) |, TPU v4 XS F s B BAF IR LHISZES.

BE-CRMERITETPU vARRHR , ATERCHESFAZANESRERITEERR, BRENTHE
JEigTl ( HF32/BFl6 ) SZHF , [ TMERITESRT | W THREIKERE AT HINERS,

Benchmark ZYMRZEFINGRIMREEIRERTTEZEMITN , XLA fmiFesiu i B ELAEMIFN. 2K
TPU vAEHIEBAENS ?
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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.
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