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TEXT Input
Sequence
Gemini Ultra \
Capability Bencl Description A a
% ' Image +
g K .
Text *
" = ‘ E’ Decoder Aa
Reasoning Big-Bench Hard 83.6% 83.1% L
3-shot 3-shot -
(AP1)
DROP i 82.4 80.9
Variable shots 3-shot
(reports 4 +
Prompt Response
» Here's a solution to a Physics problem by a student. The student did not get the correct answer. The student made a mistake
HellaSwag o 87.8% 95.3% inthe calculation of the potential energy at the start of the siope. The
0-shot* 10-shot potential energy at the start of the slope is given by mgh, where m is the
eporte = mass of the skier, g is the acceleration due to gravity, and h s the height
i 8 of the slope. The student used the length of the siope, L, instead of the
\& height, H, in the calculation of the potential energy.
40 m 2
Math GSM8K 94.4% 92.0% - — This cormact sokution le
maj@32 5-shot CoT s BRI The conservation of energy means that the total energy of the skier is
(rey Sohion: the same at the beginning and at the end of the siope.
aben P anergy Mg ot e
The conrensahen rfv 7’ & e beprruoe At the start of the siope, the skier has only potential energy. which is
i . ovqy 5 e sion & swre e bopniury given by mgh.
MATH ?3‘3/" ?2;"94 and o ' te o0 At the end of the siope, the skier has only kinetic energy, which is given
P Stul 3 67 MG L o
End: B2 Lmv” Therefore, we can write:
ko mghe Lot
Ption G gameata = = mv 2
Code Humankval Fythan coce geperorion 74.4% 67.0% 4= 2 . o i <
0-shot (IT) 0-shot* = v=yZal ‘JZﬁ G880 = 39.6ms Canceling out the mass m on both sides, we get:
ted) i
& g gh= %v'
Try to reason about the question step by step. SCRRgforv et
Natural2Code 74.9% 73.9% Did the student get the correct answer? If the solution Is wrong, please v=VZgh
0-shot 0-shot

explain what is wrong and solve the problem.

Make sure to use LaTeX for math and round off the final answer to two
decimal places.

Substituting the given values, we get:

v=VZX981% 40 =28.01m/s

Therefore, the skier's speed at the bottom of the slope is 28.01 mis.

HAF R Google B M, FEa)iER
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FIIGFF T oMERL. A T R ExF sy B A E R, Google —7 Erid it 3 E
ARG GPU FERARBEI A IR, ok #1 & A 44 A3 A4t FALEP =T & 4% Nvdia H100 GPU
B, A—F@RBRAH TPU 695 X, H2 A H o KR D %A XN A AT R,

F) BT 2SR H ) 2
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e ol mmove | S | ool _
the geclogy. widife, and peopie of the area. You can bring your dog on the Highest performance Most memary on Inferance and Highwest
e e d @ o el [ CPUs Campute Engine Visuallxm::usmimlxm Performance GPUs
AAvches, oy Arches
has y than Bryce Canyon i i, though
they are. pullouts, roads.
Both prks ffer ulded fous. anga-Jed programs,pcrc ares, and
restrooms, and both prks equie pts o beasshed, €2.c20 M1, M2, M3 N1 wi T4, G2 A2, AZ Ultra, A3
o= - o o @ Lanpe databases MLirtarence. Mach
AP HANS Ceragsh High
g ActontowGuioe X Gaene sanacs [res—— Mo nd Tramcoding [
Action Tour Guide o
. . Lage in-mamary cache
P—
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% A~ TensorCore, 4/ TensorCore #{ g — ANk % ANEME R L LT ((MXU), — AN a2 432
#A(VPU) Fo—A&) 2544525 (VMEM), H 9 MXU dic4E 147 & 49 128 x 128 ik R Ao
B, ABERF Ny T E5 5, EHEANRREBIAT 16K RE R H,

W& 6 TPUVAGE t9iB48EH

Tes. TensorCore TensorCore ; Kﬁ:mm
H D:Men\cryandl)m
MXU = MXU MXU — = MXU
R
i veu | B ey == 4-% Fast MatMul, Conv, Transpose
Vmem Vmem
: & = cptmized forcompute
MXU K= MXU MXU = MXU ) L b iy
I : C‘}:PFCD\nEnumaw
41 1| T
Cmem L
[ - ’
Fast Chip-to-Chip | = of o 4 £
. ) ICI Router =
Connection i @ 8
t § $ T T T T ¢ o o 1
el (| e ﬁ’” o Fé’” R ’7‘&? ’[—k:
e trl trl =3 ICILink
g

e <] Fastin kg oRav

7 ## JE: Google (A Machine Learning Supercomputer With An Optically Reconfigurable Interconnect and
Embeddings Support, #44/7EK

q

TPU R A BRI T hoik K4EMEHHH, 234 Al RA¥E. TPU HEH T2 M4 T
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HATHMIT ), ZAGKRERA M IR T 7 G680, mkahE7) 8 KRt 2E
A BRI RS 0 TG A K EL AN TR ERRFNIET) KIS 6 it A2
F (Y=WX+b), BME WHEFE X 55 A L6 FIMAE ZAMANIL, BRPUTIRET 2
AT RALE R AT E R A0 ZobaT o)t B4R T, A ZHBRBEARAN. EMkE)
it Aedp B AR 61242 TPU LE Bip P A 4. TPU R ARAB4E T i@ A M, (2L Fafhiksh
M7 64 B B K i3t T it B ek 8, REMRALT JEMEL Afris a4z, @ KAEA 499
YAt , T BRI AIEE R AT, B TPU ¥4+ AR % R 45518 A
TAIWERGZT.

B& 8 TPURAMSIEF| ARSI L AL T

' CPU vs GPU vs TPU | Up call |
I 1
C P U Thread Thread Thread
X X X
EXE E o it
e EEp— cell Cell
\\ “ /I
~ \ 7
Memory
Parallelized scalar multiplication | T r
GPU TPU
L L
Matrix- :I] —> —> —> Data
Thread Thread Thread uttply unle l
block block block :I]— —
H 1T E -H EY v
X X X X X
CxBl B x X L X X il !
L x B x X L X X X i
Ay ) / \ —
AN % 4 ‘\\ = i L
N B A : i
Pl 4‘_ - o Partial Sums
Ry 5 —
\\‘| / \\
Memory Memory
Done

parallelized vector
multiplication

parallelized matrix
multiplication

FALF N EITC, Jeg)iE &K

##+4 % : Norman P. Jouppi, Cliff Young, Nishant Patil, et al. (In-
Datacenter Performance Analysis of a Tensor Processing Unit), 2
7, FEEIER

2% ReGF48 £k, RITA A TPUVSP HEEEA 438 K. 2016 <F Google 4 i #) TPUVL
FALAIEIEE A AlphaGo #R44T T &4 5 /) X 4%, 35 Google 4L Fi% 4K TPU
R A EARPERE, 2017 SR A6 TPUV2 RBR T 432 Ao 469 2 6k, 4842 F TPUVL, TPUV2
AEE R REAZANGEF RAPEETE, mARA T QELHEEELTHF X
EIFhE. TPUV3 89 AEmAr, ARG TPUV2 RAARRHEAR, 2% MXU = HBM
REH AT FAZ, 2021 K A e TPUVA N8 K 5| AL Z AL (OCS) AR RIS AT 4
MG IERE, 2023 4 Google % /5 3 TPUVSe & TPUVEp A% K. % TPUVBe, /8
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Bl AE LT, AHKIEZTHEAFA R X Al BRI T TPUVA &1k 2 13699 4k

fefe 2.5 120433 AE; TPUVSp 152 Google A £ ik hab iz k. TTH EbRik, 2
EHER S AL R, V%4 KA LLM 2R 6918 A TPUV4A 49 2.8 1%, 42 TPUvGe A L
50%#9 4% 7.

A& 9 TPUMAEFRHA

& A B a) 2016 2017 2018 2020 2023 2023
HF2 28 nm 16 nm 16 nm 7 nm RONAT FnFw
HBM A 4 (GB) N/A 16 32 32 16 95
HBM A 77 5%
34 600 900 1200 820 2765
(GB/s)
Y1E 7 (BfL6,
N/A 46 123 275 197 459
TFLOPSs)
A H A (Ints,
92 N/A N/A N/A 393 918
TOPs)
B RICI R
N/A 1984 2624 2400 1600 4800
(Gb/s)
£ 2 Pod %k 3K N/A 256 1024 4096 256 8960

FAEZ: 1T Z K Norman P. Jouppi, Doe Hyun Yoon, et al. (Ten Lessons From ThreeGenerations Shaped Google” s
TPUV4I Y, Hd)iEREmw

TPU &4 Google KAER N %48y £ HFE. A TPU #91& B Lk A, B AT Google 90%»A
AR 435 2 TPU L3t47. 4R4E Norman P. Jouppi 4 A9 «TPU v4: An Optically
Reconfigurable Supercomputer for Machine Learning with Hardware Support for Embeddings»
#4%, Google .23 E T 4+ 4 TPUVA BRI L, P4 8 &4:@iT Google Cloud 4
INEER . P RITR A SAEA KRR Gemini £-E#t 2@ 1T TPUVA vA & TPUV5Se
Yhely, TR AT A AR 4 5400 10 AHGE Z AR PaLM 12 ) B A~ TPUV4 pods 1l 449

GEWE AT AL ANE AT EI L S AAE R T JEMIAST (2009) 1210 5 10
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HUA CHUANG SECURITIES

i

AT LI BAR SR

W& 10 Google #5 TPU ¥l % R K 4Bt

TPU vl 52{;;5 TPU v4 Lite| TPU v4
DNN Model | 7/2016 (Training & 2/2020 1 0!2.’ 0-22
(Inference) Inference) (Inference) | (Training)
MLP/DLRM 61% 27% 25% 24%
RNN 29% 21% 29% 2%
CNN 5% 24% 18% 12%
Transformer -- 21% 28% 57%
(BERT) -- -- (28%) (26%)
(LLM) -- -- -= (31%)

744 /% : Norman P. Jouppi, George Kurian, et al. ¢TPU v4: An Optically Reconfigurable Supercomputer

for Machine Learning with Hardware Support for Embeddings ¥, #4¢/z£4

(=) Google Cloud ¥ 32 8) 45 @3%F, Al ABILTA 2#—F ik

Al B EE T Google #)iH & B B )38 ik % k35 5. RIE Google 23] A4 448, 2022 /3]
M 282812470, FlH+9.8%, x4/ 2019-2022 4 CAGR £ 20.4%. 2023Q1-3 23]k
ANH 211K A, FIH+6.9%. 2022Q4 vAR/N 8] E AR g KA H £ 2 4 Al KA T
OB RS F b G B T b Srbik R TR, B A E) AVE R A P E N £ 2 E A 1) Al 6
FREIRT R TASKGG3EE; 2) AL T TAEAAL, Wik TiEEME; 3) RFHEA
B A AR,

A& 11 Google 45 & & LM B F)iHE F

m— 2N (L £ )
AR (HH)

900
800 -
700 A
600
500 -+
400 A
300
200

100

201901

201903 202001

202103 202201

202203 202301

=0 BN F b (5 4)
HFAE (hH)

PTTIIH

202003 202101

r 70%

- 60%

- 50%

- 40%

- 30%

- 20%

- 10%

- 0%

- —10%
202303

HAE R Google 2Na] 24,

iR

EW A FALILANEAIL T E 0 b ST T JERIFYT (2009) 1210 5
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HUA CHUANG SECURITIES

BEAT LR EATBE

A& 12 Google 2 FE &L HH AN b

Google Cloud b 4-& tbR il , A BRANE) F oKL, AIAEHEE, £%
QiEr Ekg . FRHFRAMALS, HofEL ST 20 E. FLA You Tube J~ 4
b, mLFNELCHEZFE. TERAAIMALRS. HFRZLGFZEETEH
IAER 46938 K, N bbb 2 bk Eik#s %, 2022/2023Q1-3 28] = L SN & b7
7 9.3%/10.8%, FlH451+1.8/1.6pcts. ¥ =-F & FN G L2 E P AR TWH PTG
A BIEARIZFe AT G IRS5A PTG RATEL. ARIEAE) IR &%, B AT2ERE K69 1000 £~
3] F A21E 60%49 4k 34 % Google Cloud 9% 7, »~a]iA4 B AT H 42 Al Bk 75 % Vertex
Al. Duet Z GCP. Workspace #9% 7 A5 % EARBA R Z69% 7, AR5 HFak 4R
WRFFATAD K LS098, FALSH B RANE) 695 R K.

A& 13 Google Cloud 4% A K438 Kk

mGoogle) 41 % "Google=1t% mGoogle bk 4 m H Ak 4
1

90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% A
10%
0% -

3 5% O 6% 7% o 7% T 7% 7% 8% 7% 9% 9% 108 01 1%1 1%1 1% 80 1

s Google = 1k %  ==O==Googlem L H AR tb (& 4h)
90 A r 60%
20 | r 50%
60 A r 40%
50 A
40 |
30 4 r 20%
20
10 A

0

r 30%

r 10%

il e r 0%
2019Q1 2019Q4 202003 202102 2022Q1 202204 202303

201901 201904 202003 202162 202201 202204 202303
FAFIR: Google 2a] 24, FEg)iE R HAEIR: Google 2N 2828, FEg)7EK

Google AT X #ANG LiBiE, A 2#—F ik Al AREF. 2022 F, 4Kk, Google.
® Gk, ER. Meta AT L F) Hb 5 5]+3%/28%/5%/13%/67%, Google AT ¥ 3k &
FATLATZ), BEARRA, Google AT X T B HIRSBAMLK G TR, LF ol
Al. #3EF S A BLEZ RS R A 0%, 2022/2023Q1-3 Google A Z 4% 4 315/212
1LE T, B 51+27.8%/-11.1%. &) % Q3 A XA 80.6 1CET, RIS
+10.7%/+16.9%. Q3 F AT XL B HF® IR £ 2 & Al i1 F R K@K TR S B A%
P PRI KPR, ARIEAE) IR A%, 2023Q4 A 2024 8] F AT T K,
AL BRI 3% KT 8) BfIG k. EFATF XEZE 5 @, 4% 2T Google & /) sk /e
Al AUBREGAARIZT, KRNI FAF XA R EAS K EHE K, itF| 2025 4, Google
FE Al AR50 EAEAA4A 2] 1000 12 £ 7.

GEWE AT AL ANE AT EI L S AAE R T JEMIAST (2009) 1210 5 12
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HUA CHUANG SECURITIES BAEAT IR B AR IR

B& 14 #EIEET RUAFEFARATFLHEA

META — R — T 5
Ak m— R =O=YoY-%-3k (% #h)
~/e=YoY-f4k (% 4h) ={F=YoY-T Lk (% 4h) YoY-# % (&4h)
450 - 250%
400
200%
350
300 150%
250
100%
200
150 50%
100
0%
50
0 -50%

TR DN AE, S0l

GEWE AT AL ANE AT EI L S AAE R T JEMIAST (2009) 1210 5 13
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HUA CHUANG SECURITIES

BEAT LR EATBE

—. BAFEA T OCS & EHFE, #—FRHA TPU FH M

T RIE3H OCS HAK M, FEIAH XL HF. OCS (Optical circuit switches ), BF St
W AR, RAENES) S E LiEdnd), RUTHAR KBEAE L E R GER.
Google % f THYFR T SRy, BT AEFREINE. RETH. R E. 24
M. SRS T IR E5ER, B R H AR AN ZHEE K, Bi| AT OCS
iR 69 Rk 7 5 . ARIE Google 18 569 43, fE453E TPUVA 89 £ B2 8T, 5454 Infiniband
R EARL, OCS 5 ERA R, HFEIK, KF Lk, L ¥ OCS Fo it 304
B RAME B S B AN b AR T 5%, h4E &k KT 3%. B A7 OCS /£ Google # a4kt
T £ 2A Jupiter #3EF oA TPU BT SAREAH T, XPeHAEET Al EAH
& &/ NN

(—) OCS ¥ A= 1: Jupiter #4& F&

Jupiter: Google &4 F ENRMLREHM. T4 Google #9438 & A& F 69 &2 —FF A%
6 ey MR M), | 4 AT Rt B B IRRIAH R, 512 & ToR ML HAF
SAd BARES, 6 ToR MG 40 6 IR 5 H40iE, MR T —/~512x40, £ 27%
GRG0 R, XA RMEL SRR, T RAME, ANELRERN T RXFTELAGT.
B Tk St 5 5E F R Ak AR F oo oA Kot A 9 AR RELE, A 2005 FF
%5, Google BPifesh % —4X A AF 4224 Firehose, 81T #4345 b & W & 58 P ok pF 5
FITEIAER D EBEME, MENE T AREMERE, BRI H AR A T4 Jupiter
RAH.

A& 15 Google fiAREIE & W48 3

A TOR R #ALEL Spine & X #ALEL REEHak [ WL
R WA M )i B T LR ER BB E W 4s-if
- #
- - 10G 1G 2T

Four-Post CRs 2004

Firehose 1.0 2005

Firehose 1.1 2006

Watchtower 2008

Saturn 2009
Jupiter 2012

vendor

8x10G

8x10G

16x10G

24x10G
16x40G

48x1G
2x10G kAT X .

2x32x10G (A &)  32x10G (FEFME)  10G 1G 10T

4x10G (ToR)  24x1G TAT

4x10G B4 . .

64x10G (# fLE) 32x10G (FFFLE)  10G 1G 10T
48x1G T4T
4x10G B4 . ‘

4x128x10G (dEMLE)  128x10G (FFFALE) 10G nx1G 82T
48x1G T4T
24x10G 4x288x10G (JEFAE) 288x10G (FEFLE) 10G nx10G 207T
16x40G 8x128x40G (A L) 128x40G (ErLE) 10/40G nx10G/nx40G  1.3P

A4 /% Arjun Singh, Joon Ong, Amit Agarwal, et al. (Jupiter Rising: A Decade of Clos Topologies and Centralized Control in Google ” s
Datacenter Networky , F£¢/#E%

#4R, Jupiter —Biz A, RAXTELHRE 3 TEREBAEM. £ 2015 446 (Jupiter
Rising: A Decade of Clos Topologies and Centralized Control in Google’” s Datacenter Network?
%, T vAK F)| Jupiter %% ) CLOS &A449, & ToR. Spine ¥:4= Aggregation & = X 34
YR, FhF R A a6 R TUARR B S K, % R TR 16x40G F 64x10G 49
W, A4S R A —4 Centauri sARAURAR AL,

e Spine ¥: A3E 6 & Centauri KIEAAR,. T4 ELBSRAE, LEH A4S
Centauri R IEAE) —F 3% K 20, @ T T4 32x40G 559, FEWM 2 6%
#44 Centauri IEAWAR 4 & Centauri ZARALF T —F- 49 I H T2 KR, @)

EW A FALILANEAIL T E 0 b ST T JERIFYT (2009) 1210 5 14
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HUA CHUANG SECURITIES BAEAT IR B AR IR

L4789 £ & Spine R #AUA= T 4749 Aggregation R 4&AL4 5 -4 128x40G 5% 7 ;

o Aggregation 3&: Ak 8 AN FIE] (Middle) 3R, AT iEskd 4 & Centauri
THAALA, A F AT 6 474 L& Spine ZHAURM 64x40G 3 1 4o F 47
49 TOR SHALA A1 42B% 256X10G 5% O ;

e TOR X 4EAL: BP Centauri 344U, ®IZEE 4 /N335 R FTLEAR, BRI R
WAL E A 48x10G 49 FATH IR 428 45 447 8x2x10G 49 LA4T5 8 A~ 18] 3k 4 pLik
.

AR KO BCE IS, Jupiter 7T A IR S35 42 46 % 45 1.3 Pbps 49 M4 58, BP T L AT
37 &5m ik F A 40Ghps 49k 554N

& 16 Google % ZARM L RAHM Jupiter &9 A 344

Spine Block

p— Centauri
SEEARNY 32x40G up f ) o)
Silicon ; ' ' 1x40G| -
O EEIEE] | e e )
16x40G - OO0 M) MM mom|
x40G down ; :
64x40G up

1x40G

,"" /
Middle Block (MB) / /i/ ajiﬁ-

[Oo] [@O@D] [@Om] [Cm] (@M x32 [@

##H# /% Arjun Singh, Joon Ong, Amit Agarwal, et al. (Jupiter Rising: A Decade of Clos Topologies and
Centralized Control in Google * s Datacenter Network) , Z&-6/72K

Jupiter P& RMIFFEFK, 51\ OCS FILE A 693k, 44K Jupiter 49352k £, Google
st P - B M AT H 4 A 4R, i@ i 5] A OCS ( Optical Circuit Switches, & #:4L ) 34X, Spine
BB G, SR AL, K W 4438 34 g CLOS R 478 41 %) Aggregation 369 A4E L EHK. &
T OCS KA Ksdk, sttbtragig AR, Bidst—F AN WDM GRS EA ) FoifH %
FEART A Z I FARAL A48 4493 m A B TXIRX MFAZ 5, RAE LT 694
AR &, SIS Jupiter M4 EIRA T AHAEIE K. ATl L ARESH, Jupiter
& AT 6 Pbps 552, PrAAxt TR EILY 5434 HRA R M, & AR
T 41%, AATEIK 30%.

EW A FALILANEAIL T E 0 b ST T JERIFYT (2009) 1210 5 15
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HUA CHUANG SECURITIES

BEAT LR EATBE

Bk 17 4% CLOS E#535| A OCS ML REM etk

Apollo
SP1 SP2 SP3 SP4 G |
| |ocst ocs2| |OCS3| |oCs4| |
&4 H AB1 AB2 AB3 AB4 4 = -E
AB1 AB2 AB3 AB4
s TOR Switches
Spine & 4 W, AL, fE 4% Aggregation AE#rid kA OCS JAX, Spine & % L #:4L, OCS 3¢ d1 Mems A
- éﬁ%ﬁ#}%ﬂa‘, FEATHRE AT R . M MR, BERIRAEANARE, FAERTER
AR, HE. REF—AFBRE, AR BO IR, HTABMTARE, LFEHITEENL
TR T RIIE 0 L ARAE . I, A M2 Aggregation 3 8] AL3E K IL A EK,
b SN LB Pt 3
THAL I IE % 45
REZIFRBEFEN  F, WIEF IRHC AL ik 5 A, R ik TR
2 A B B, HRRMZE L G5 0k R 68 A &, TF &4 OCS k&
HiE = {9

### % : Ryohei Urata, Hong Liu, Kevin Yasumura, et al. ¢Mission Apollo: Landing Optical Circuit Switching at Datacenter Scaley, #¢/
TER B

B4 18 42 OCS A sk E5I AN WDM. 3 REH KRG Jupiter M

’ﬁ Bidirectional Link Cable \\nh fiber str: nni\ *‘o’
[ N { :
= o (d !
a06¥ FH—) i e _,,_J S ¥
‘ 3 — an N —
(4x10G) o (=l — W DCS g —E|
“ 'l _\\_,) \ ’I \ \_/)_‘ |- s
L=l Circulator e g = ;
- g . = =
| N\ ! (7 O\ |
3] | ) ’\\ t(‘/) i |. w
100G i - R Vi e 1900
4x25G) & {SHT0) ' O L
. V\_, \“/ ,I \Cross \‘-/;' : | '
el e / connections D M=
’ {] '(\,)/\' p - nnection ‘\( ) | ’
~— / ~—~ =
y 7 . _: — y s N F U!
2x200G ’_3_" & \ () HE]| (2x2006)
(2x4x50G) = T - B
Transceiver with Tx and Rx 100 Gbps link (4x25G lanes)
w40 Gbps link (4x10G lanes) 200 Gbps link (4x50G lanes)

### % Leon Poutievski, Omid Mashayekhi, Joon Ong, et al. (Jupiter Evolving: Transforming Google §
DatacenterNetwork via Optical Circuit Switches andSoftware-Defined Networking Y, Z£¢//72%
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(=) OCS 4B R %% 2: TPUVAHHEF &

Google B AFeGI&MRAZ AL TPUVA R E&T EALERE, TPUVA 6942 283+ AL g 2020 SF7F
4 72 Google 53] KAIUALR F, %% 4096 /> TPUV4 &% F 20 5%,, 43 256 TiB 49 HBM
WA, % H A8t 1 ExaFLOP. M4 &M ¥ 5] AT OCS 4 Jupiter #4754 K . B 7T Google
TAHRFTH+E TPU VA RETFA, BN fsh2rid iE Google Cloud 124 . f&
TPUV4 R BT FAY, REAAGHIEE A LARL TPU LR, RAANRELARHAZEAT:

e TPUv4 Package: BF¥:% R, E2d 14 ASIC+4 A~ HBM AR

o TPUV4 Tray: BP34nF, w1 44 TPUV4A %A 28, 44 TPUVA &5 & 6 544
%, EFRERTHRAESRE, WA THREEE. TPUVA & A AEHRF AL mesh
7 Xk, ZEMFRN L 3D Torus E42. HRFT AR A A 4 4~ PCIE £ 5 4=
16 /A F MR RAZIE ZF% (ICI, Inter-Core Interconnect) #4349 OSFP 41,
BP4E/~ TPUVA 7% K T 1 A~ PCIE 3x16 421 4= 4 A~ 3+ 400G L&) OSFP 4
a, MR RS A

e TPUv4Rack: BP#AUIE, & 16 /4> TPUV4 Tray 25, F+3t 64 8 TPUVA &4, B
A AR A 4 x 4 x 4 Cube. HUAEA 497/~ TPUV4A Tray Z A8 i TR w45 (4R145)
AT, B 4x4x4 4 3D mesh 245, A/ Rack #E A4/~ OCS %A
4, KA T Rack 5 OCS X Al 49548, T 24 B4,

e TPUv4 Supercomputer: .44 Pod, & 64 4~ TPUv4 Rack 41 5%, 23t 64 x 64=4096
M TPUVA S . 4/ Rack #'E &A=& A OCS R ——ik 3k,

BA& 19 TPUVALSAHE (£) # Tray (&) BA& 20 ¥/ TPUv4 Rack & 16 A~ TPUv4 Tray £8A%,
The Rack
Data Center Power In

Networking
(DCN) Uplinks
-

CPU Host
TPU
Heat Out

(Air & Liquid)
Copper Intra-rack

IClI Interconnects

##+# /% : Norman P. Jouppi, George Kurian, Sheng Li, etal. ¢(TPU  ##F%J%: Google (A Machine Learning Supercomputer With An
v4: An Optically Reconfigurable Supercomputer for Machine Learning ~ Optically Reconfigurable Interconnect and Embeddings Support, #
with Hardware Support for Embeddings), #¢/7£4 G EA

GEWE AT AL ANE AT EI L S AAE R T JEMIAST (2009) 1210 5 17
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HUA CHUANG SECURITIES

BEAT LR EATBE

A4 21 8x8Rack HIAREA TPUVA it EME 4%

e Each system consists of 64 Google racks, deployed in 8 groups of 8

4096 interconnected chips sharing 256TiB of HBM memory
Total compute >1 ExaFLOP
Each group of 8 racks gets a CDU (Coolant Distribution Unit)

e Dozens of systems deployed [Sundar, Google 1/0]

Up to 8 superpod systems in a single cluster!

8x TPU Racks 1x CDU

###£ M Google A Machine Learning Supercomputer With An Optically Reconfigurable Interconnect and
Embeddings Supporty, #£¢/7E4

AR g AR F A TPU 3849 1.545. — A Rack BP A —/~ 4 x 4 x 4 44 Cube =7
R, @1 64/~ TPUVA S H 2. ZHARM3ReGEBE A ML, P8 2@ i4R5 T4
H, 20% 3D mesh 464L. LA WINREBIRE L, EHAGE 6 MNE, HAE 16 4T
& AT EARE L OCS Liklit s, FPENMARS LS —4 16 6 OCS KALiEIE. [
— N E AT (LT, A4, B1/E ) #RE ZiE453|F —4049 OCS bk,
&, 3D Torus 4641, HI& & 49 mARIE FIFFIRAK, EEA TPU v4 2B AT HAURA T & 5%
VAT, T B 44 TPUVA BB AT, 48X Bkt &

TPU &% K 42 4096 4
OCS R &: XYZ EANHE, HNEE 1646, L4845,

KA T /N cube FE6 (@) x16 (.8 ) =06 A st oh o bl #hik 4,
St 64/~ cube AT 64 x 96=6144 A K18 34

KA T FAREIE 2 1A I Cube M4y bbbtk FE bk
NRGEZ 6144 AN AESE, PP RAERS T A TPU #2149 1.5 12,

K S4RLE A ST Rack MR a9 A 28 i 4R g% 45, B sbE4 Rack A3 16
B TPUVA #FZ 18 E % 80 £4R4 %4, 64 4~ Cube *t 5 64 x 80=5120 £&-4RA%%.
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BEAT LR EATBE

B A& 23 HA cube #FEBF =/ F#H) OCS HE4,

B& 22 —A cube (rack) & 64 A~ TPU ¥ &4 48 % 3D Torus J64t
¢ orus
Y’I(I)l[3l Y+l|3l[3]
| SO X3 N\ e 16
032 1R m —«3}!— § F\\ F\\
T L S N vocs zocs
| \/ )/ N\ AL] == —
©0) A (200330 e | } Yo
*\/ /1 ‘ 4 m-.51§_ {18 =10 =16 18
WS @l AT 8 X0 e
/: / T TN ians e
| ] | ! X0Cs
(090110290} 310 b | = cube '
& /7 ,/} / I jun (
e 108183 X+[0][O)]
o B e *16
N2 '
1 .,-\_ '1"/ -

#A#E# & Norman P. Jouppi, George Kurian, Sheng Li, et al. (TPU
v4: An Optically Reconfigurable Supercomputer for Machine Learning

with Hardware Support for Embeddings ¥, /72

##+ % : Norman P. Jouppi, George Kurian, Sheng Li, etal. (TPU
v4: An Optically Reconfigurable Supercomputer for Machine Learning
with Hardware Support for Embeddings ¥, #¢/z£4

B& 24 64/ TPUV4rack & 48 4~ OCS Z A& & 6144 4448

64 Racks

6,144 Fiber Strands

X[0..7]
X |[8..15]
Y[8..15]
Z[0..7]

Z[8..15]

Every cube (rack) connects to every OCS

#A#+# R Google (A Machine Learning Supercomputer With An Optically Reconfigurable Interconnect and

Embeddings Support), #£4/74

W AT AR E AT E )L S Ak 2 L5 GEMIFET (2009) 1210 5
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=. FE3M Google OCS e H %£: BHZHEZFML

(—) £F MEMS B4 OCS RAM AL F E

OCS R ¥ Z AR BMEF R, LR F ARG AARLRTF, AT EIEESG
KT £ AKX AT X F2 MEMS & 405 #5A id— 2 69 8 ki B . Google 1A A A8t T i,
e, AT MEMS #9533k 77 B AT S8 R BORR R R 4E. IRIER 57 mARE
B, BikiFT AAF OCS. KA A RIAT B = K L84, UMR—IMERAG
MG KA K A%, OCS W94 A ME, KK ETT iAo mmET &4

o FTAL L EEATHMI=H. & 24 850nm AL HALLL. 3 A 850nm AT
FEWN @ E4. 24 MEMS RAAEIET] . 2 ANMRAZARLAFTLA MR, T2 Thie2
WA 850nm HOKAE KR BB F A HRA, P MEMS RAT4L6948 £ A
3, M EIFEZ KA 5 AR

o TA% 2. ARG FEIFMER., b 24 136 BEA AL EHLEES . 3NAHE
4. 2/~ MEMS BUH4E% 5] Préans, @it MEMS BU4La9 %454, £ILT
BT e A BTN B IEZ A 6 B R B3,

Bk 25 OCS & WM R EFRA A

Qamera module

Injection module ) § \ /(850nmRy) (Camera Modules
(850nmlaser diodesource) » . < (850 nm Rx)
P \. \ N
Monitorlight "}’;;':,:‘m”‘,;‘;’;‘,"
@ ) Dichroic splitter diode source) X
Dichroic splitters &

(splitcombine 850nm

~ lightto signal light) combiners

(splitcombine 850

h
Signallight nm and signal light)

// N o 2D MEMS array 2D MEMS array y \\ Fiber Collimator Fiber Collmator
ens » 4 4 (136 inputs & (136 inputs &

// = (136 mirrors) (136 mirrors) aray \\ outputs) outputs)
/{bercolhmatcrarray Fiber collimator 'M 20 MEMS Array 20 MEMS Array
(138in/outputs) (138in/outputs) (136 mirrors per y (136 mirrors per

package) ! ! package)

#A+F/&: Google (A Machine Learning Supercomputer With An Optically Reconfigurable Interconnect and Embeddings Support), #6724

MEMS B #45R& OCS #94 SR B4 . B4 MEMS RATSTARLL XA M A3, AE
—3 MEMS & i E4IMET 176 M4, BT AT AR IRT 42, ST AL AR K
ALY HFE LA, ERATARERHERLE TR 136 MR T LT P,
AT B L MRRIRZ) BAT IR, 12 X $hAe Y s/ b B L3R4 2 ILPT S
8 BT R RIE L. XA MEMS 89 R R AT Z ), EA B E 272 A~ LCIAPC 54235
BRI @M. 12 35 /EEM. CPU 4. WRAN GBS, HRIART ML
136 x 136 X L% 12 &9 OCS. %+ (Mission Apollo: Landing Optical Circuit Switching at
Datacenter Scale) #%#%, @A 4% A~ OCS &2 4|1 k3% .
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HUA CHUANG SECURITIES

BEAT LR EATBE

B4k 26 MEMS B AL M) Fads s 20 %, W& 27 OCS tg8RgH

MEMS
mirror die . -

4RU Chassis

Wirebonds
gl (4/mirror)

HV Driver

Front Panel Boards (x12)

LC/APC <
Connectors

(x272)
Power
Supplies (x4),
Fan Modules
(x2)

a)

Outer axis
comb drives

. Fan Boards |
Inner axis (x4)

comb drives
(Y-axis
motion)

CPU board

### % Ryohei Urata, Hong Liu, etal. (Mission Apollo: Landing ~ ##/%/%: Ryohei Urata, Hong Liu, et al. (Mission Apollo: Landing

Optical Circuit Switching

at Datacenter Scale), #¢)7£%

Optical Circuit Switching

at Datacenter Scale), #4¢)7£%

OCS W4l AR, A BT MEMS RTk4693a/k. 44 Google 484 Lt ik, K
141673 OCS A B B o, 11348 £ Bk 2EATA R BT AFKIA P, 40 MEMS &
SR, ARAE Yole 69T, MEMS 24 & w4404 T 4% &1 2022 69 2 10 2 3G
K £ 2028 49 8 /2%, CAGR 3| 28%, £& %69 MEMS & A T 3 F 38 K g b o
Moy e, o BAR 045K MEMS Fo 4 F MEMS #9335 2. s MEMS KL 897
WA X 38K EHe, MEMS /X T ik -89 S Bl 38 K 6%, £ 2]k 7.7 102 7%, —# DM
HFEERAG D MIELAEH L AELT AR, HidAGE EX, 5 MEMS
R85 P SR, 349 MEMS HR844F, Google # OCS 24 &%
HEZYF. 27 MEMS KL/ 3L LR HE L B A2, F R Feg o ia
3 silex S HAFRIFHL F—. RBRALFAEZTH ST S WEGE L, NaH
B P 3464 £ 5 8,45 OCS (Optical Circuit Switch, MEMS & £7F % ), MEMS-OCS & &
F 8 ¥~ MEMS L% Aok it4d R4k, st-F KA piig f 49 MEMS-OCS, 4\3) #5381
PR T RFACEIE . AN AR LI GRATH 2 FHANTEAK, ARG
a5 Robe e 3t RS 3X = & 7~ .

PE AT AL EAE AL E0) e S A I G RIS T (2009) 1210 5 21
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A& 28 MEMS £RZAURN T 53 Kk

A& 29 2012-2021 E A MEMS KL #4

® Consumer
® Automotive
@® Medical

2012-20215FELBRMEMSK T RIS TN

@ Industrial
: 1[;r;feecnos:]and Aerospace — R ‘T "_! “,_! m m ‘ﬂ m sileg; ;“eg silex
$20B A
CAGR 4% Ne.2  SONY SONY SONY m m‘ﬂ““"' 2 PP RGP ISP R P R
/ No.3 (’:‘!;m sony v sileX sony sony sony t!:tlg‘;t
$148 ¥ , . —
!‘ CAGR 8% No.d4 | agpmemss gjjgy PP memss GRS goNy &‘qc silex "}‘F ":'“.F XFAB
‘ CAGR325: 5% wes | silex gemmcs silex  silex silex XFAB tfific XFAB XFAB sowv
7AFJR: Yole Development #7/ g &Kt 7 2022 #4R, 44
AR Yole, HGJEK e P ”
BEFR
(=) B OCS FR, ZHFMuikt gk
45 OCS #4945 2 5L Al , Google & %14t & #7 2AEH % 3t . Google & X (Lightwave Fabrics:
At-Scale Optical Circuit Switching for Datacenter and Machine Learning Systems» A%,
TR P SH iR, ATMEFD AARNEHRARRESFTR . KER R F 4
WA 25 éﬁ%-ffa SAEG AR R K £ 7, B Google xt ALk o 4 XAELA4F, 4o
AR, FATR, BIAKE(TIA), Kaifn %(PD) #3155 4L 22 (DSP) ASIC 44T
T EHL ‘fx%‘i)né’iﬁ P VA FILBARAA, 3-& T H|1E M. B AT Google £ F OCS #9
TPUV4 Pod ¥ Fr 4% 649, ZA%F 3T 235 +CWDM4/8 ¢4 52 #t —/X, Bidi OSFP 3 & Ak,
SRR FF L 2 x 400G (CWDM4, 20nm 7% K 18] 3 ) #=3 T 800G (CWDMS8, 10nm %
Kia k) e9tEtrik &,
A& 30 HHEF ST WDM KAk ahig it A& 31 CWDM4 (L) #= CWDMS8 (T ) & tAdsk
; B, o 4
ml | ek mrly =
§, I :r\:i:qzw % circulator  mux/demux  Laser digital signal processing
F ol Sy A = @ ; -
e Power:<3.5W &Y 4-\ CWDM per optical interface —_— \
g [4:: !‘GG NRZ o % e Number of optical lanes matches
o - : PO /:W ‘h{ ;3 ?XS;):G number of electrical lanes »
100 f#ﬂ’ ’GDG QsFP+ 100G QSFP28 Year !
2010 2014 2017 2022 2025

circulator

lasers

mux/demux digital signal processing

### % : Hong Liu, Ryohei Urata, et al. fLightwave Fabrics: At-

Scale Optical Circuit Switching for Datacenter and Machine Learning

### /% : Hong Liu, Ryohei Urata, et al. (Lightwave Fabrics: At-

Scale Optical Circuit Switching for Datacenter and Machine Learning

Systems )y, FE¢iER Systems, FE4)iER
IEEE AL LEAREES ), RREABRABELS, B HEABRHERA. &
1% Google & XTI K 6915 &, B AT OCS F £-24¢ A 6937 — KAk A 800G 3% 1 i& % 4
E, JFEE 2024-2025 FA £ 5 N 16T ik A0k, B AT B 69 btk b b £ 2550 B
A 8% T 4 ), A 800G/L.6T 4 &9 ik = o L LA AR 67 By, & A11IAH, Google
GEWE AT AL ANE AT EI L S AAE R T JEMIAST (2009) 1210 5 22
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BEATLREALRE

JLFF OCS ¢4 e A8 b dt E 2 KRS, Rt Ak

800G HAEH 6448 57 7] B L% 2

FEF R TGRS E ), IR AR R ZH T HMER, R RALRTER K
BRARLZ AT Fo RIFEAR K R0 A k. Al T —REHRE, 4o 16T #9048k,

W FRERSE, B TR

M 1T E &, RANFIBT, EF 800G HALBAL 1 22

It NG B R AR, LR B faiRag ALY,
BA& 32 vTEALE EBLFAMEE Toplo LR KT

2010 2016

Ranking of Top 10 Transceiver Suppliers

2018 2022

Finisar Finisar 1 |Finisar Innolight & Coherent
Opnext Hisense 2 |Innolight (tie)
Sumitomo Accelink 3 |Hisense Cisco (Acacia)
Avago Acacia 4 |Accelink Huawei (HiSllicon)
Source Photonics |FOIT (Avago) 5 |FOIT (Avago) Accelink

Fujitsu Oclaro 6 |Lumentum/Oclaro |Hisense

JDSU Innolight 7 |Acacia Eoptolink

Emcore Sumitomo 8 |Intel HGG

WTD Lumentum 9 |AOQI Intel

NeoPhotonics Source Photonics |10 |Sumitomo Source Photonics

##F#£ /% LightCounting (Al Clusters, Data Centers, Optical Networks 4,

BA 33 okAEks b E 800G/L6T =&k B

T S T T

800G HAZHILA 4x100Gx2 F= 8X100G HAr B2y 7 %, €354
Bk S R ASSR, T 24Q1 BAR X AL AT R AH B

X
A,

EiE AR

CHEFER, BIRAET 24 @ 0E T,
25 % FF;

P IRIEA]  EAK T 5 0L3E 800G OSFP-T-OPSCNT-NOO: A3k 4% #hrik F ik BLAK & .4% 1.6T OSFP-XDDR8+: A3k 4% 4k &
800Ghbps, IAEMRE A 0-70C, hAef&F 16W, T Z4F 2 N2 a94t ik 1.6Tbps, TAERE A 0-70C, hAefkF 32W,
HriE s, TEF2NEWNERIED.
23 T 2024 4 800G i 5% 7o k45 40838 K
Finisar  EL4k = & €.4% 800G DR8 QSFP-DD: ##3k3% i+ F 800 Ikt K A&) A F —k 1.6T /= S FlitH F R R IUAF 4 5
S, REAEIE R % 500 K.
. . 20230FC £7ia] /3] § 4 th 1.6T 48K AL = 3
800G /= & @465 .. LPO A AHAISE, o0/ b ORI E \ S )
k o EAR 5 5 8.3 1.6T OSFP-DD: £ i 4XFR2 #Li%.
£ 5¢, 2023 4 OFC Hia 28] & 4 1 800G LPO A 71 /= s L. s
o i . OSFP-DD ##, K/H 4XSN i # ki o,
G BAKE 53 800G OSFP-DD: 800G & 200G Ak 44 . L
o ) 16X100Gbps w4 v, T ZHFRiZ 2 N BAEHy, HF
QSFPDD800MSA &9k #ThaA; EfF L #H CMISE.0 v EAThA; i .
© ] 1.6T &, & 04 & 2x800G,4X400G ¢ & s X &4T % &
% DR4+. 1xDR4. 1xFR4 #= 2xFR2 {644k .
JL )
&P B AT 800G #Y BARAEFARM, b E 2023 4 10 A, ZEEiL
_ . F124NA 400G AN B b E T 90%, sRif—ANF A E) 800G M
=
) N O -
(cloudlight) ~ .
BLAK = & 8,45 800G QSFP-DD DR8: #-ANi# i T ¥ 4%
106.25Gh/S(PAMA) ) £ 48 4% iy S AZ e 4045 K B 5 500 K.
PE WA F AL RNE AL T E L SRS GEMEFT (2009) 1210 5 23
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2023 4 OFC #1813 & 4 1.6Tdemo f& A

800G % AZAw S AB o Ut R BN F), EAEG B4 AT H, AR = 5 8,45 1.6T OSFP-XD DR8+: iXit A T A%
FAAHE AR F 5L 6,45 800G OSFP 2xLR4: it A T 10 A2 AR oy AR Eidl i PAMA A 446 XAE M fe il 51k 2125
800 F Ik 1A K W 4434, Gbls #4Ei2 % (H1E8) 6 AT FHIBHL, R

J #AdER T XOF AT EML L&
WAL 8] A0 K 800G 22 sk 6 - L A, b2 800G /= s giEAF = ob B TR F
—# 2 800G ok LHANNIFL G, HAEL. LPO Fond e
MR P, sbsl, HoEE 2023 5 10 A A 8] 800G Ak B A CAGER
SIMFAHL i, REES.
BLARF & 8,45 800G QSFP-DD 2xFR4 EML: L LC ALK 47T 15
22, TARBRE A 0-T0 KA
2022Q3 /™3] 800G AR CIE X th 73, Ak £ 2023 4F 11 A
/3] 400G/800G DSP % 7| ¥ €. 4632 th it . it 24Q1 K
PP 800G ‘LPO FE AR Y. |  samree
A4k E 5% €145 800G OSFP DR8 SiPh: B A8 2,5 i L4338 130
EEF7nm; DSP W EIRF) R AIR; LF%A TEC 428 AR
At F 15W,
Ik £ 2023 45 A 48] 800G SLAESAL T& P e, Rl 43
A RATF SIP (A58) A= TFLN (GEME4RE42 ) AH13 K49 800G
BAFAHL ol ARkt JESu i FAEE
ELAK 5 % 8.4% 800G QSFP-DD 2DR4:  #h#£4%F 14W, 8:diE PIN
B, FAKA AR IE B VT 15 500m
800G # 45w KAk L EIE &,
B 5 4 8909 FR4 (4x200G ) OSFP: A 8 1%?%;%%%:}%& 20230FC i8] 4t A F 16T ook b 55k
B At it 3D F F LIRS I IR Sk AR AL, PEICE S
. y . , . . 200G PAM4 EML 3% %%
EJE % B PIN/TIA 3L HBe b4 T % 5nm DSP &4 Ak 34 45
ik, AEHSES T2 2km 2R E K.
28] N Hy AR IUSF 400G+800G /= ot 4 B LT feA2 1L 31CET; &
1k £ 2023Q3 A8 6 FI RE P #4T 800G = sngisAt, ARRitisut
Y h RN RIS E SR P A, NG T 24Q2 3, Q3 /3 800G
KA B E .
HAFRI: L a| o, 26 BRF, FKefiER

2023 4 OFC /g /3] & E 1% A 200G Lumentum
HOL B A 16T s RA,

FLIR 5 $b 6145 1.6T OSFP-XD 2xDR4 EML: #4258
HAEHTEE R A 500 K, TAFERE A 0-70C.

3
X
8
3
&

AAOI

(Z) RABRARMKUINAEE, HREFR—FTRHA

FINTTE, LARFHRFTRRR;. LITAVBELERAETOA —FHER, 125
FHBATE, AMRIMEOBAARLAG, WM E R ANEZIGER HF T &
¥ st v 1A 64 @R ARAEAR Y #ILF T &, Google R4 T 4 IR Hey TR, &
J IR B 5T I RAR L 0 S AR 4y, 2R ZFRB L Eam @, wldsge 14
NEF, TRJUF R E MR T 2 8t , BRI T 34E; B0 e 2 MAnT,
TUALFRIRHAE T 3 #t, fERTMBT 1#HE,. AHEGENRETEZLIEATA
IRIRAF . I B T2 =/ MAH R, A2

o PBS, R4 RE, THEIP RIFLGERE, S RIkLHRA;

GEWE AT AL ANE AT EI L S AAE R T JEMIAST (2009) 1210 5 24
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o FR, RiFAE, BHIFLHH, Eattinfe et hikSrst e —K
o HWP, ¥k, A AGM, E@EFf R ik &5 7 @8R
WitvA E B M BAER, T AR LSS I 812

o KAHIHEIRA: kdssu 1 HAKRHEE, A P RkAe LT vadE PBS, £
it FR Bk A% 45-45° |, B2 HWP BRIk 554 45° 3K T FR #9924t
54 P iedkzs, meadid PBS £ 3| L4,

o ARG AHATFHNIKHEE, 21 PBS 244K S hikSH P hiks
B8, L PRIkRAEALSTE PBS, it HWP f= FR MR Rk 45° 7%
i mRA S hIRAM R, %iL PBS MR R4 /G Bk MsE T 3; STRtRAREZ
it PBS MR L4t B 43iE HWP 4= FR Bk hikzs 45° 455 mA P adks )
K, FlRENGED 3. BRHE T REINH BT LT LA s i B 3004

A& 34 AHBTERLALHR LB B& 35 HHBBETHBIRYZARE
HWP
Transceiver Transceiver Rx
Tx ‘j@z Bidirectional Link 2<\i:' Rx
Rx H 3 : 1 1ILE:
Circulator Circulator s polarization p polarization
(a) Fiber n Tx

FR

#A#E# & Hong Liu, Ryohei Urata, et al. (Lightwave Fabrics: At- #A#-# € Hong Liu, Ryohei Urata, et al. (Lightwave Fabrics: At-
Scale Optical Circuit Switching for Datacenter and Machine Learning Scale Optical Circuit Switching for Datacenter and Machine Learning
Systems ), FE4)iEAK Systems), 47K

I BB A R, BB FREE RN B EBRIK. I BAT 3 2
R B RA AR E T, FH—AR A 6935, £ Google 49 OCS & 3% F
WA e PR B EAR S BT, VASRIF B 5 at. BRI A B, BGRSHANIR
A M, HEHRS, ﬁ#i%%#rﬁ@%%@ﬁk(mwm)HW(a )N
W= 8 B, SLOMNEFT BT ARABET R AR ¥ 0T 5 7 5, £ BN,
FEF AR AR B —. REAEABRER L, BAEEFEh T 2HET
2 B A GRANOPT A= £ B 84 IV, = frikiafkst i 73504 EA F4H481E 90%.
A, KRS, R A REU4F A8 ki F 34 R Sh iR A B
o) Fon LA T KR P Ik, A3 FkbAnf, o PBS Rk REEFEA
IR RE R AR AR, edddh AL, BaAHi. EFARFHOLEE T

GEWE AT AL ANE AT EI L S AAE R T JEMIAST (2009) 1210 5 25
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A& 36 BRARTRELEEYHIHSE

LWDMZE: H

VLSRRG BT O 84 A 2 T SR GEH T

AR : R B, FEER

(W) EHUBTAERFROLEH HET A REAR

BtA OCS #5303, RAESR A A B SR FHAFTRKEE. & T OCS AT 5 6914 ,
BERRE B R E SOMATE, R et d £ & 0 6903 A e EAKA 3R
., SO NIRRT AT KL E:

o K% H: Google 5o LT E Y HAFAM(RAEBIENE), Fitd
T &Gk A0 ERAHRER, AT RBEREEE T Rk % LT H(MPI)
RO, FAEHR PR R 693 RS R E A DML IR 3t 4 3R 4 B EML;

o WHK: T Hik IC/HLAIAR, Google A DSP 7 £ 4 #: T R kA& FARI4 it 4
HIEWRE(CDR)F %, 128 DSP & R3GIn T hAeAiEiR, (28 5 EBRIKT xR %
B FarE it F U092 R, Bt RN TS B A 49 % 36T 4k, A FEC &
FE e TE, BA £ 56 8mp Ty Rk,

GEWE AT AL ANE AT EI L S AAE R T JEMIAST (2009) 1210 5 26
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B& 37 OCS BaEAMRTE AW ARG R 58 R &

i irculator

customdigital
signal processing

/

ital CD ERS§§
& 4

##-# /% Ryohei Urata, Hong Liu, Kevin Yasumura, et al. ¢Mission Apollo: Landing Optical Circuit
Switching at Datacenter Scale ), #7244

EML & DSP %R ¥ ish b & 4 £, B Z AR ERIK. RIERAAHIB IR,
2021 4 25G KG K G E FALE L 20%, 42 25G vA LR K 0 E FALEABEIKLY A 5%,
B AT A SN G R T 8 £. 800G AAisk F £ %424 100G PAM4EML A%, ok
Ak de Lumemtum. -V fe Z X H NG TSI T F oA b, BRAS LR AFHL Kk
ARG F B T4, H P RAFBAZTH T 6IFE L 100G PAM4 EML = St 4T
VAL I et AR, B AT AR P smK; KOG A ¥ 9k 100G EML (56GBd EML
@it PAM4 A4))F % 087, DSP 2 B0k h 2, HE b ik Marvell 189
Inphi 72 PAM4 DSP 473% & 548 X 4047, koM Broadcom. Credo #= Max Linear %
& 424 PAMADSP =3, % Credo (BKAAHL) T 2008 4, & 3 Lig)aeA
P E kA, BATT4R4E Dove 800D/800/801/802/850 4-iE Al F I FF 3% 49 800G
PAM4 DSP.

B % 38 Credo & 800G #5£% PAM4 DSP

QSFP-DD / OSFP

DOVE

Octal

850 Driver
800G DSP

N

8x106G
PAM4

B8x106G
PAM4

V/////7/ N

RAHF IR Credo B M, FE6)iER

PR AT AL EAGE AR T E I L S FAE I T ERFET (2009) 1210 5 27
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(&) RELBEBARXEARERAER

Rack A R A 4R4EiEH, Rack sFRA KL EE, £ TPUVA ) Z4XT+, &/ Rack &
Ax4x4 A~ TPUVA & R4 p%, HF 4 A TPUVA 2B — K4, Fl—A Rack A 494 F 1] i@
4R Y545, Rack A= OCS Z A& A R BBk, & 248 F AR AT R ddsde, TPUVA 49
A% 18 ZLFE ICI 3 55 4 2400 Gbls, 4/~ TPUVA *F4MA 6 4 ICI 4434, R b4 ICI 44345%
1 i & h 400Gb/s; TPUVSp &9 ICI & 5 % 4800 Gb/s, A& /A 3D Torus 4641, & A1H| 87
HRIHA 6 4 ICI 4454, B AL ICI 48355% 0 12 £ ) 800Gb/s, 54 baTeyml £, HA

TPUV4 Pod J5#7K 6144 &%

Fn 5120 ARLL Y& EE K, B ANI TPUVSP Pod &9

ELARER A W %353t , (255 R #0& 4 8960 4, #2if TPUV4APod &4 =8 mMiE, &RATIA

# TPUv5Sp Pod & 249 4t F=47

B& 39 TPUV4 M EiL 4 4~ OSFP £ 2 R R EHE

GLARE N KhaR I, Rl A4 0 ik F 4534 5] 800 Ghfs.

Bk 40 TPUv4ARBEFHEMFHEA T KEG G LS

The Board

e 4 TPUs per board
e Liquid cooled

> 4 chips with parallel water flow

> Flow rate controlled by valve

o Similar to fan speed control in an air-cooled system
e PCle Gen3x16 per TPU for host I/0
e 4 OSFP' connectors per TPU for off-board ICI

Each OSFP supports 400Gbs each direction
> 2 more links per chip on-board for interconnect

The Fiber

e Each Superpod has enough fiber to encircle the state of Rhode Island!
e Over 16,000 individual connections
e Major focus on deployability and serviceability

##FAJ%: Google (A Machine Learning Supercomputer With An
Optically Reconfigurable Interconnect and Embeddings Support), ¢
G7ZEFR

#A#£ M Google (A Machine Learning Supercomputer With An
Optically Reconfigurable Interconnect and Embeddings Support), ¢
G FE

EW A FALILANEAIL T E 0 b ST T JERIFYT (2009) 1210 5
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wW. Al jk#ideig B R AR RS, T5KE 7 LR EALE R GIE

(—) #% 1. AFHMERRAEATNE T RIRAFEE, A THEAHRBZEGREE
K

B AR A B FIRRA G WL E A3 F, RRAF L EHHE Y. Google 49 TPUV4A 484
F AL100 M4 E4E. AT, FHHIIK, THEPAA LS SHN L, AR3E Google
WX, T RMK NG FZ %, TPUVA &9 BERT W%k E b AL00 4& 1.15 4&; *+F
ResNet, TPUv4 &34 AL100 &9 1.67 42, dafeER4- MKk P, AL00 &) Zh4E2 TPUV4 ¢ 1.3-
1.9 4%, *F-F TPUV4 F= A100 #9428 M, &A15# Google Cloud #948 X RN AT b,
TPUV4 Pod 7& us-centra2 [X 3%3&F /1 SFA8/3 SFALGY 2% B BN BAE A M A& 5 £9 A4 3.22
%70, 2.03 £7U. 1.45 £70, M Google 324 WAL (VM) E414£4% GPU %9k 4, A
% A100 80G GPU /& us-centrall X 3% &4 NBF 4829 4 1.57 £ 70, 44V L44E, TPUVA
BRI A AL RA L, ABET AL00 AFEA — a9, XA THEP RET L5 84
wAF, AN RARZH T RAFEE B & R XA T % AT R —F pa it
KOGHEF, AT H A K ahikse = 48, Google #9%& P 4= Anthropic. Hugging Face #=
AssemblyAl 3t &4 7 2 5 A TPU Prigstey B A IRS-,

A& 41 TPUv4 5 A100 & MLPerf 2K 84 & I3 b A& 42 TPUv4 5 A100 £ MLPerf R 6 hAest b

= A100 = TPUv4 = IPUBOW

S P 2048

:(g 15 = 137

2 MLPerf Benchmark A100 TPU v4 Ratio
% BERT 380 W 197 W 1.93
8 ResNet 273 W 206 W 1.33

E

£

a

BERT ResNet DLRM RetinaNet ~ MaskRCNN

### % : Norman P. Jouppi, George Kurian, et al. (TPU v4: An ##+4# % : Norman P. Jouppi, George Kurian, etal. ¢TPU v4: An
Optically Reconfigurable Supercomputer for Machine Learning with Optically Reconfigurable Supercomputer for Machine Learning with
Hardware Support for Embeddings Y, #¢/727% Hardware Support for Embeddings Y, 467725

Mefkdz o B AR N, Al E XA B ARG H . B3 Nvidia 49 GPU B H 4 £ &3¢
KRG RKIE, 27 4% RF HBM. CoWos 235 a94t, FEik HI00 %A G KE
v, & Al Ek#89 %69 GPU 22 A Mk, 4R+ GPU Utils ), H100 #4241 5L H
F4EZE 2024 4. T FT HI00 69BN CIA 35 T E LA, 3 mEFFERP AT
90%. Google i iT B #F TPU, ST AR A4z R 6988 I, B Bk Y 5 30 E R AR
P& Google ¥ASl, &x % Al B k3] LA B 8 #F Al 7% K, tb4e Amazon 4 Trainium
#= Inferentia. %%k 49 Athena. META ¢9 MTIA 5.,

EW A FALILANEAIL T E 0 b ST T JERIFYT (2009) 1210 5 29
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A& 43 Omdia ®F 2023Q3 A100 F= H100 # 4¢ & % 4 500K

Nvidia H100 GPU
Shipments by
Customer

Estimated 2023 H100 shipments
by end customer.

200

150k 150k

Omdia eslimates Nvidia sold ~500k
A100 and H100 GPUs in Q3 and

lead time for H100-hased senvers is
up 1o 52 weeks Tencont i Q

0
Baidh 50k 50k S0k 50k
@ o
d )\ 30k
25k
20k 20k
5 ...

Source: Omdia Research

FAEE N Omdia Research #£7/ g A48 H JE% (RRAFER, F2FEF 5 LK T 6)#A Y, 2675

(=) &% 2. Al EXHEAERTAUED, &—FH3HF[EZHRAH H LAEX

Al EXFGEENFHZAZE, XEMA L HFE xR E. Google. A X Al E

kiR AN ZE B Capex P L4284, st 24 SN TRMEAH R, B AT Al Z L
AT3% .45 Gemini. GPT-5 4 £ % A48 & Ky KA R4 A Ao KA, /& 3% AL Video
Poet. Pika % £ % #1#1 Al R F4dd, Tt FTHAGERMAFGEHERFT. TR
AT AN BRE, FEASHHEANL, i EBEHF TR E. Google F A
ERAYHAFRIRGBEAE S, ARLKA P, SERGEMEZARN, BbbA
B Al B4R 6 AR, s EARIRJ 7 5 & AT KRR A T 2 ik T K.

B & 44 Google 3 i &9 A AR 4 &AL A Video Poet

text

gy
/

depth
+
optical
flow

V'deoPoet

| masked
video

##F# /% Dan Kondratyuk, Lijun Yu, Xiuye Gu, et al. (VideoPoet: A Large Language Model for Zero-Shot
Video Generation, Z£4)7iE%

EW A FALILANEAIL T E 0 b ST T JERIFYT (2009) 1210 5 30
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5% P REGE GBS, AEHSEZRAME RGGIELA], KMAH, %
TR A T AR X BT, A AT EEH AR, Rots THEF BA XA
ROV, AVE A ST REEY, AEEREF L TR, FEAAAL
FAERLAE, RATBIZEPER, AT BRI XN FLEZZLaA, ¥4 Google HiE
Aot OCS RA, *UARRIATT LA, e THRHEFEM4, B AT OCS ¢
8 AR A B IR — AR A e ) RARSR A KR, M B E 411 PTRH, 2t
FFH A Google 4544 4948 K AR A W AR LB BE R F RS L, 5
AEF AT, FafleRHK.

AR 45 HARRAFEP X R ERBEES L ZHEAHTM

S e

SRt TR

BFE
(=

HAR: JeliE AR

(=) &% 3: RMERMALHEMELI OCS FHARENEIAA, R LEHTA

BRI RN I EHER I T RIS TN, IR Z EMAREMBELS K
HAEY Bt CLOS My, B T4 ¥ 2 B4 % 49 CLOS R éL4% Fat-tree = & LA 5%
WS R M A= Spine-Leaf — & Fabric RAMFAAF, FA Al Flkagbik £ &, B AT KA Al AL
A 4 BRI I T BNIUBACSEF B LT ACER], A3t F e H Ao BGRB8 F RALE2 5B
¥k, LRLmRAMEREHERG T X HAAEE R, wikihike) DGX £ 7] Al &
Bt FAL, RS20 49 InfiniBand M %=k 425 11 GPU 18] 49 NVLink M %-¥)2 KA Fat-
tree Z2H). 124540y Fat-tree BANAEY B, ShiE3ER Fo i A% 7 @ A LA, B ikdo
Torus. Dragonfly 4 &1 863+ B AR 36 MM R TR TIA BRI P, sARBER
P, IKIER . B RS HEAG KR LB, thdo Google £ TPUVA A Bt F AL Fr 5L
J ¢ 3D-Torus 464F.
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BA& 46 BT SEIRMIKL

WAECLOSZEHS

#BHEMDragonflyZ2iy BHEEMTorusiky

AR : TTHBHE T FER A (EXRBEF S HBSHRGE B, FEG)iER

FEAG RS R DT REAEEQEHN, RS LREHEFE, Jaibgitfd kW &x
%69 F37,0CS #hARA KA EH.IRT Google £ TPUV4A B HALF A T OCS
PA%k, Nvidia #F& & &) & k34 % #15 K Bill Dally /£ Hoti 2023 449 £ § g #tF 4.5
% 7 # 42 Dragonfly a4 52 Al OCS #9545, iBiL 5] N OCS 4K, 7T VAR HUF # W 44
By R EHRALNESL, RENEHZERFTEEN, ZHALRGZENTR. B
@it OCS ¥y R iE i, TERITAT ST EH Lo, #—FRGEZ2A0TE
M, " OCS #9455 4k Folt o b TIEALEG A K £ 7, B sbfe W46 vE42 3t OCS 13
ISR HET, FBHRBARE,

W% 47 4 Dragonfly $64h% & A OCS

Dragonfly with OCS

Solves problem of
incremental expansion and
partitioning

Groups can be swapped in
as FRUs

Bandwidth tapers between
group and global

R— R — R R — R — R R — R — R R — R — R

| | BHEHE B

Group Group Group Group

#AFF R Sharada Yeluri (GPU Fabrics for GenAl Workloads Y #47/ £ SDNLAB, #4725
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AR BB BRI R K BT 69423, vA Google OCS AR & M#H R A H &
KGR EA BB E S HA, FlibemEsudm IR, £ Ze) = kg
FBHRW, ENKREEABRT RS T LENE, FEERZHHEARAFTFTEMN O
B LRt kel 5 LR £, B8 RIEVA T 4769

o WER/AA] (300308): 2HAnt by HARS K IBER B, 8] FEAEAT LAR L 69 H AR
FREE T« AR du bl fE ) Ao o By 7T 32 69 ATRE D SFR S, AT T iBNINE
PO TN, PRI ASGE A fn 5 1 69 AR A AR

o R Fi#1E (300394): WIFAR 6B AR F RIRBEH . 5@ iT g 47
R ARG, EARFEBME. TREM. 464K, LFICHF a4 ERAR
R T 3 AEHARNE S TLER, ALRE P RES A EAEL 35X
Seff R &,

o JBFAI(688195): FAEFIMMMERZA . 8 A TH SR, HEF R
EAHRME R F AR T, L AREZQABRE T AT IRAS )
RMELZTANEXEA, RN EmyMRER RSN T HFm .

o AAAI(600498): Mkt B3 S R B FREA L, 5] B 7% 5b L4 2.5G.
10G. 25G. 50G. 100G #%H =&, CW bR, FESATEARRE =&, £
NI ZHIET R % 69 AR ABERREF .

. N5

ARENZFLEARBTH, BIRTHhHE—FFK, Al FLLRRERY, &
Ak A By o LA K B A
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WK, HFRIVIF: BRTF

TFHLRFAL&FE, BEHL, 6 FFABHEARMPREUEREY, PERTRWIES, 2023 Fhond
SHERFRLIT, PR AT,
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KEZF B E2E, LTEAMEELYE  010-63214682 zhangyujie@hcyjs.com
FRIEFE A & &M 010-63214682 zhangfeifei@hcyjs.com
x| & IR 010-63214682 liuyi@hcyjs.com
1E A4 R4 010-63214682 houchunyu@hcyjs.com
b T AU A AR 2 =R BAEE 23 010-63214682 guoyunlong@hcyjs.com
FARMR B4 23 010-66500808 caiyilin@hcyjs.com
X DA E 2 010-66500821 liuying5@hcyjs.com
A 35 BPAE B2 010-63214682 gulinglan@hcyjs.com
% —¥ A E 23R cheyizhe@hcyjs.com
HKAR X2, RIYPmsEE LN 0755-82828570 zhangjuan@hcyjs.com
pERTD DBAE 2 0755-83715428 wangliyan@hcyjs.com
RN A A AE B ks SBAE 2R 0755-82756804 zhangjiahuil@hcyjs.com
FIY A& 238 0755-82871425 dongshutong@hcyjs.com
T AW AHE 23 0755-82871425 wangchunli@hcyjs.com
R B2, LikAAALE ¥ 15 021-20572536 xucaixia@hcyjs.com
BRAR LA AR B S 021-20572555 guanyichao@hcyjs.com
S LA AR B S 021-20572257-2552 huangchang@hcyjs.com
FAR TRANE 232 021-20572506 wujunl@hcyjs.com
RIS SPAEE 2R 021-20572585 zhangjiani@hcyjs.com
LA A B SEEY BBAE R 021-20572509 jiangyu@hcyjs.com
7o Fh BRAE e 021-20572548 shijiawei@hcyjs.com
kKT AHE 238 021-20572573 zhuzhangyu@hcyjs.com
eI AHE 238 likaiyue@hcyjs.com
HE 454E Bh32 yixing@hcyjs.com
KEfE A5 E Bh R zhangyuheng@hcyjs.com
BAESE JTNALA A& B 0755-82756805 duanjiayin@hcyjs.com
TN AU AL AR ER J e zhouwei@hcyjs.com
ERLS 2 A AE 23R wangshitaol@hcyjs.com
& Tt & 021-20572559 panyagi@hcyjs.com
EFrE EIpSIS 021-20572559 wangziyang@hcyjs.com
FhFAKE ARE TiRAE 238 0755-82756805 jiangsaizhuan@hcyjs.com
EX B PAEE 2 021-20572559 wangge@hcyjs.com
KI5 AE 2R 021-25072549 songdanyu@hcyjs.com

GEWE AT ALANE AR T

B4 b AP T

JEMEFET (2009) 1210 5

35



RN

HUA CHUANG SECURITIES BAEAT IR B AR IR

)47 b ) FFFBAR B
FEFREGLA:
A RT3 2R A PR 300 454K, AT AR A B A IRA, KB W AR AT-E 500/ T X LR K.
GBS we AP

iR FHAAR 6 /N A MABAILEFEAL 200004 L

5 FHAK 6 A A WAZMAEIEIL 10% - 20%;

ok FAAR 6 A A AARRT A E B h8EAE-10% — 10% 14];
i AR 6 A A AR IRk N A 10% - 20% 1]

A7 R RHA

WFH AR 3-6 N F M IZAT 38R hE AR 18 A B 455 5%0A E;
P TR R 3-6 AN A R % AT L F5 A Shhd AR xR 45 £0-5% - 5%;
£ 4

=i AR 3-6 AN A ATk AR mk ha AR 1T AR AL 5%IA B

2477 5 BR

Blx i AR B A RARE AR R0 N Bt AT I AE AR VAT 5 91

ATV AL AIRE A P AR B AR I R RAT AR F AT Fa U, & 3 A M R T AN AT IZ IR R EAT A B =AW, 57T
SHAEAT Ho o A T K A 64 BT T B8 AR T B 69 A 50 4R T 00 AT AR AT AL SR 1) 4864 T A6 T 4L

SR AH

AARAEATAEERESA FRTAEE]) (VAT AR “AnE]” ) 8B PR . A8 A B AR ARE ML A Z P .

AR P B AAT 8 R IRAIA A AT e 8, A2AN3) RARIEFE AR T, ARSI RO TA & RLBAENAUR B AN 8] T & A A
AL B, ERRIMA, AnE) T RS ARRE BT, TILBIEN R - RE ., AN 8] 4B T0 B A BATIE LS

AT A B A B IAER S, FE MR A ) 3 BARIE A F 32 69 BN G . AIRAE T BAZ & M) ARAT BT 3 BGE A 09 AT,
ARF EEINANE P AFHRE T EAF. MERAREF R, BP EH EARE T ETE LRE R G AESHAFRIL, A ZEHEFTER
I AATARIBIZ T RE, AT X6 4 FAE A TR R A 428 A TR K 69 35 8 3 2 kR A A, ARE TR B Z T MAEF ML
VA B S I G R 6 TR T 482K 3D .

AARAERBAAR ) A 8) FTAT , AN B) SE AR R G — A, REANE FAB@ET, EFAAMAFANATIFAETH KB LA,
RE N R BT R ARIRE QAT B R AN FTHATII R FLR Y, SEAFGRBNEA, FER B e iERAR
FLRIF A R AT A B R 2 e 5L R A Aefd .

PEATHR AT LI REN T, HESLTRTRCH FBRGIAGR, ALZ B THTIEARSY. THARE, HKFEIHE.

A SR I

Wht: bW H G AR5 A 26 5 Wik R TARE R EMR 1061 F FHE it EAETHAFRLEEH% 33 5

eld.s C & 3A RSP A B 19 # KA 12 B
BR%: 100033 BR4%: 518034 BR4%: 200120
A5 A: 010-66500801 4£ A 0755-82027731 A£ A 021-20572500
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