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59 TOP500
ORNL
Frontier Fugaku
LUMI
32
200 18
TOP500 3.04Eflop
Is 4.4Eflop/s
162,520 182,864
Performance Development
1 EFlopis "_-w"::.
100 PFlopis 't'“ anaast
10 PFlopis ""‘ K
- .;‘ \
. 1 PFlopis ‘,-".i“_"“ —-..._i_.-
§ 100 TFlopis '.-..-.fu‘“‘ ji -..-'
SO
ponl) Glineta
1 GFlop/s .-'--.
1 TOP500
TOP10
Fugaku 4
Frontier
(ORNL)
Frontier HPL E
100 8,730,112
1.102Exaflop/s HPE Cray

EX235a HPC
AMD EPYC AMD Instinct 250X

TOP500

201203 jliu@ssc.net.cn

Slingshot-11

(RIKEN)
Fugaku
7,630,848 442Pflopl/s
ARM AB4FX
CSC
LUMI
EuroHPC JU
LUMI HPE Cray
EX235a 151.9Pflop/s
ORNL  Summit IBM
148.8Pflop/s 4,356
Power9 CPU CPU 22
NVIDIA Tesla V100 GPU
EDR InfiniBand

Mellanox

LLNL Sierra #4 Summit
4,320 Power9
CPU NVIDIA Tesla V100 GPU
94.6 Pflop/s

93Pflop/s

Berkeley Lab Perlmutter
“ Shasta”

NVIDIA A100

HPE Cray
AMD EPYC
64.6Pflop/s
NVIDIA DGX
AMD EPYC
Mellanox HDR InfiniBand
63.4 Pflop/s

NVIDIA
A100 SuperPOD
NVIDIA A100

2A  Milky Way-2A
NUDT
Matrix-2000 61.4
Pflop/s
GENCI



1 TOP10

Cores . Accelerator/ Rmax/Rpeak Power
Architecture/Processor/Manufacturer
Co-Processor (Pflop/s) (kw)
. HPE Cray EX235a/AMD Optimized 3rd AMD Instinct
1 Frontier 8,730,112 . 1,102.00/1,685.65 | 21,100
Generation EPYC 64C 2GHz /HPE MI1250X
SupercomputerFugaku/ARM A64FX 48C
2 Fugaku 7,630,848 . None 442.01/537.21 29,899
2.2GHz/Fujitsu
HPE Cray EX235a/AMD Optimized 3rd AMD Instinct
3 LUMI 1,110,144 . 151.90/214.35 2,942
Generation EPYC 64C 2GHz/HPE MI250X
. IBM Power System AC922/IBM POWER9 NVIDIA Volta
4 Summit 2,414,592 148.60/200.79 10,096
22C 3.07GHz/ IBM GV100
. IBM Power System AC922/IBM POWER9 NVIDIA Volta
5 Sierra 1,572,480 94.64/125.71 7,438
22C 3.1GHz/IBM GV100
Sunway Sunway MPP/Sunway SW26010 260C
6 L 10,649,600 None 93.01/125.44 15,371
TaihuLight 1.45GHz/ NRCPC
HPE Cray EX235n/ AMD EPYC 7763 64C NVIDIA A100
7 Perlmutter 761,856 70.87/93.75 2,589
2.45GHz/HPE SXM4 40 GB
NVIDIA DGX A100/AMD EPYC 7742
8 Selene 555,520 . NVIDIA A100 63.46/79.22 2,646
64C 2.25GHz/ NVIDIA Corporation
. TH-IVB-FEP Cluster/Intel Xeon E5- .
9 Tianhe-2A 4,981,760 Matrix-2000 61.44/100.68 18,482
2692v2 12C 2.2GHz/ NUDT
HPE Cray EX235a/AMD Optimized 3rd AMD Instinct
10 Adastra 319,072 . 46.10/61.61 921
Generation EPYC 64C 2GHz/HPE MI250X
CINES Adastra
HPE Cray EX235a LUMI Adastra
46.1Pflops HPE Cray EX
AMD 2021 EPYC
TOP500
3.1 3.2
Frontier TOP500 173
TOP500 1.102Exaflop/s 34.6%
7 HPL-AI 149
128 13
21100KW, Green500 1
2 TOP500
% Rmax (TFlops) Rpeak (TFlops) Cores
173 34.6 530,240 1,158,771 29,413,676
128 25.6 2,085,045 3,150,398 27,715,304
118 23.6 890,252 1,294,550 16,213,648
33 6.6 626,506 817,353 11,984,068
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2 TOP500
3
TOP500 Frontier
32.5% 47.4%
20.2%
21.5% 17%
12% 20.7% 14.2%

Countries System Share

Countries Performance Share

4 TOP500
TOP500

254
Lenovo(161 )

@ China

@ United States
@ Japan

@ Germany

@ France

@ Canada

@ United Kingdom
® Russia

@ ltaly

@ Netherlands
@ Uthers

@ China

@ United States
@ Japan

@ Germany

@ France

® Canada

@ United Kingdom
® Russia

® lialy

@ Netherlands
@ Others

Inspur(50 )

Sugon(42 ) Huawei(7
HPE Hewlett Packard
Enterprise Co. 96

57th 58th 59th T O P 1 0 H P E

O o e R A R Frontier LUMI

3 TOP500 Perimutter Adastra
3
Rmax (TFlops) Rpeak (TFlops) Cores

1 Lenovo 161 322 448,702 896,002 13,799,328
2 HPE 96 19.2 1,928,597 2,864,953 25,541,024
3 Inspur 50 10 105,843 260,865 2,484,560
4 Atos 42 8.4 253,743 386,354 5,942,128
5 Sugon 36 7.2 72,666 194,315 3,089,780
6 DELL EMC 17 34 110,528 182,670 2,512,868
7 Nvidia 14 2.8 147,754 186,955 1,465,472
8 Fujitsu 13 2.6 535,092 684,006 9,307,872
9 NEC 10 2 43,175 63,423 678,152
10 Huawei Technologies Co., Ltd. 7 14 14,668 25,910 303,456




3.3

Intel
TOP500 77.6% 81.6%
408
388 AMD 14.6%
18.6% AMD 73 93
32 AMD
20 AMD Milan 500
5.6% 35%
Processor Generation Performance Share
@ Xeon Gold

5

58 TOP500

Processor Generation Performance Share

@ Intel Xeon E5 [Broadwell)
Xeon Gold 62 [Cascade
Lake]

@ AMD Rome

@ xeon Platinum 82 [Cascad...

@ Xeon Platinum
@ Intel Xeon ES [Haswell)
@ AMD Milan

@ Xeon® Platinum 83xx [lee L...

@ Intel Xeon Phi
@ Others

@ Xeon Gold

@ Xeon Gold 62xx [Cascade
Lake]
AMD Rome

@ Intel Xeon ES (Broadwell)

@ Xeon Platinum 82xx [Cascad...

® AMD Milan

@ Xeon Platinum

@ Intel Xeon E5 [Haswell)

@ Xeon@ Platinum 83xx (Ice L.

3.4
169
/ 151
84 NVIDIA Volta 54 NVIDIA
Ampere 8 NVIDIA Pascal
32 6 AMD Instinct MI1250X

14 NVIDIA

Accelerator/Co-Processor System Share

@ NVIDIA Tesla V100
@ NVIDIAAT00

NVIDIA A100 SXM4 40
GB

@ NVIDIA Tesla V100 S...
@ NVIDIA AT00 80GB

@ NVIDIA AT00 40GB
69.8% @ AMD Instinct MI250X
@ NVIDIA Tesla P100

@ NVIDIA Volta GV100
@ NVIDIA A100 SXM4 8...
@ Others

7 TOP500

Accelerator/Co-Processor Performance Share

@ NVIDIA Tesla V100
@ NVIDIA AT00

NVIDIA A100 SXM4 40
GB

@ NVIDIA Tesla V100 S...
@ NVIDIA A100 8068

@ NVIDIA A100 4£06B

@ AMD Instinct MI250X
@ NVIDIA Tesla P100

@ NVIDIA Volta GV100
@ NVIDIA A100 SXM4 8...

::::E'f"” P @ Others
6 59 TOP500 8 TOPS00
4 /
Accelerator/Co-Processor (%) Rmax (TFlops) Rpeak (TFlops) Cores
1 NVIDIA Tesla V100 68 13.6 226,796 443,631 4,688,680
2 NVIDIA A100 21 4.2 245,338 355,999 2,347,776
3 NVIDIA A100 SXM4 40 GB 12 24 131,321 181,292 1,361,928
4 NVIDIA Tesla V100 SXM2 11 2.2 90,370 180,163 2,031,440
5 NVIDIA A100 80GB 9 1.8 121,225 160,208 1,026,944
6 NVIDIA A100 40GB 8 1.6 52,766 84,264 555,588
7 AMD Instinct M1250X 7 14 1,329,823 2,001,850 10,368,896
8 NVIDIA Tesla P100 7 14 46,445 68,784 944,960
9 NVIDIA Volta GV100 4 0.8 269,439 362,565 4,408,096
10 NVIDIA A100 SXM4 80 GB 4 0.8 25,397 27,245 206,112
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5 TOP500
(%) Rmax (TFlops) Rpeak (TFlops) Cores
1 Gigabit Ethernet 228 45.6 1,987,373 3,361,469 30,519,552
2 Infiniband 195 39 1,426,740 2,137,960 26,598,404
3 Omnipath 39 7.8 161,805 250,892 3,696,264
4 Custom Interconnect 32 6.4 335,259 500,646 22,008,172
5 Proprietary Network 6 12 491,906 597,474 8,609,792
3.5 500 228
Intercannect Family System Share 456% |nfiniBand
@ Gigabit Ethernet 195 39% TOP500
@ Infiniband
Omnipath 18 InfiniBand
@ Custom Interconnect ..
@ Proprietary Network 250 InfiniBand 10
Slingshot 10
InfiniBand
TOP500 44.5% 32.4%
Interconnect Family Performance Share
@ Gigabit Ethernet
@ infinicand 4.1 HPCG500
11.2% Omnipath
@ Custom Interconnect H PCG
@ Proprietary Network HPCG
HPL TOP500
HPCG Frontier
Fugaku 6
TOP500 HPCG
9 TOP500
6 HPCG500
HPCG TOP500 / Cores Rmax (PFlop/s) | HPCG (TFlop/s) | HPCG/HPL(%)
1 2 Fugaku/Japan 7,630,848 442.01 16004.50 3.62
2 4 Summit/United States 2,414,592 148.60 2925.75 197
3 3 LUMI/Finland 1,110,144 151.90 1935.73 1.27
4 7 Perlmutter/United States 761,856 70.87 1905.44 2.69
5 5 Sierra/United States 1,572,480 94.64 1795.67 1.90
7 HPL-AI
HPL-AI TOP500 Cores HPL-AI (EFlop/s) | HPL Rmax (EFlop/s) Speedup
1 1 Frontier 8,730,112 6.861 1.102 6.2
2 2 Fugakua 7,630,848 2.000 0.442 4.5
3 4 Summit 2,414,592 1411 0.1486 9.5
4 8 Selene 555,520 0.630 0.063 9.9
5 7 Perlmutter 761,856 0.590 0.0709 8.3




4.2 HPL-AI

2019 4.3 GREEN
HPL-AI Frontier TD Green500
HPC Frontier
Al TOP10 GREEN
HPL-AI Frontier Frontier 52.227GFlops/watts
Fugakua , 32%
Summit Selene
8 Green
Green500 TOP500 Cores Rmax Power Energy Efficiency
(TFlop/s) (kw) (GFlops/watts)
1 29 Frontier TDS 120,832 19.20 309 62.684
2 1 Frontier 8,730,112 1,102.00 21,100 52.227
3 3 LUMI 1,110,144 151.90 2,942 51.629
4 10 Adastra 319,072 46.10 921 50.028
5 326 MN-3 1,664 2.18 53 40.901
Frontier
4.5
51 ) 8 ,
Fugaku
COVID-19
CCF HPC China 2021 LUMI
LUMI
CAE EDA Application Area System Share
@ Research
® IT Services
Cloud Services
@ Weather and Climate
AI HPC HPC Research
@ Crergy
TOP500 © Software
HPC @ Aerospace
® Benchmarking
@ Information Service
Frontier @ Semiconductor

10 TOP500

@ Mot Specified



1 0 2022

5.2
HPC TOP500 HPC
TOP500 LUMI HPC
100% (
) HPC
20%
12400 4000
HPC HPC HPC

[1] TOP500 https://www.top500.0rg

DepGraph
24 Graph 500
DepGraph
Graph 500
Graph 500 DepGraph ACM |EEE
DepGraph Supernode
“ ” Graph500
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2020 9
2030 2060
Top500 Green500
2021 7 Green500
MN-3
29.7GFlops 1GFlops 10
20
27 /
11.38GFlops/iw
10~30% PUE
PUE Power Usage 45%
Effectiveness PUE E—
PUE 1 1
100% PUE
1.1
PUE

1.5~1.8
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2%~3%
288
480
0.7%
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2016 2019
2.1 6.5
PUE
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IT IT
2022
PUE 1.4
2019
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3000
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17.7% 16.9% 94994
15500
45
2012 2021 300
11 45 GDP 2021 10
21.6% 39.8% 12.0%; 1512.28
22.73%
5000  5G 170 5G
4.2 ;2021
15.7% 12021




2022

200433 huanan@fudan.edu.cn

2021 10

2.1

2020 2 8



— ” 24 60

CNNIC 48 “ !
2021 6
10.07
99.6%

2021-2023 !

VR/AR/MR Al

VR Al :
: ? 2022 1 1

2.2



2022

2.3

mt
3
[m}
aF

W5liEE

HELMERYE, BESZ

SO EABHE
\
\
v

MEE

A

BEATR, BEEREAR




2021

2017 6

2021 u "

21
o * "

2021 11 1

164

2021

201203 hchen@ssc.net.cn

2021 11 15

2021 180

2021 11 30 :

2021

179



2022

2021 6 10

2021 9 1

2021 9 30

® - .
2021 12 17



2021 11 14

2.3

2021 3 12

2021 14
App
39
App

(]

2021 4 26

App App
App
App

(]

2021 8 20

2021 11 1

1 « .
2

2.4

2021 7 30

745

2021 9 1
[

2021 12 28

8
2020 4 13

100



2022

1
2
3 2.6
4 2021 1 8
5
6
7
25
2021 7 12
2021 66
2021 9 1
[ ]
2021 9 17
2021 7
[ ]
2021 9 13
[ ]

2021 12 31

10



23

[ ]
2021 1 22

2021 2 22

5G

2021

2017



2022

Chiplet

201204 jiangyifei@126.com

18
Chiplet Chiplet
Chiplet
Chiplet AMD Intel CPU
2022 3
Chiplet
Chiplet
Chiplet
2022 3 AMD ARM ASE Google 1.1 Chiplet
Cloud Intel Meta Facebook
Chiplet
UCle Universal Chiplet Interconnect !
Express UCle voBl
die-to-die D2D UCle m AMD Intel Xilinx
UCle 1.0 2l UCle Chiplet
Chiplet
&l Chiplet
Chiplet reticle limit ©
i193 EUV 26mm
Chiplet x 33mm 858mm2["
Chiplet CPU GPU
die ™ 3D 1
Chiplet 1090 (Reticle Liis ST
| | £ b_‘,‘.‘i-,f-':‘z;"r =
Chiplet Chiplet 8 H.‘. A
Chiplet 8
Chiplet 100
2006 2009 2012 2014 2017 2020

Chiplet

@ ServerCPU A GPU
1 CPU/GPU Die



Chiplet AMD Rome

8]

8 die Compute Core Die CCD 1
1/0 die 1/0 Die 10D CCD 74mm?
10D 416mm? Rome
1008mm?e! 2019
5 910 Ascend 910 Chiplet
8 1228mmA10!
2048 Chiplet 14336
wafer-scale
15000mm>t
Chiplet
Chiplet
Chiplet

2
2
[12] Chiplet
AMD Rome CCD
7nm 10D 12nm
AMD 7nm  12nm Chiplet
7nm
50%!8
10mm? Chiplet
200mm?
Chiplet 20 700 800mm?
10 &1 AMD
EPYC 4 Zeppelin die
die 8 Zen
20% 32 [141115]

AMD Rome 12nm 10D
CCD CCD
8 8 ~64
QIEE
Chiplet
(161
Chiplet
1.2 Chiplet
Marvell 2015 Lego-Chip (171
MoChi (28] Chiplet
2014 TSMC
16nm FinFET CowoS 3D
IC 1 28nml/O 16nm
1l Chiplet
2016 DARPA “ IP
" CHIPS Common Heterogeneous Integration and
IP Reuse Strategies CHIPS (201 Intel  Mic

ron Synopsys Cadence Analog Devices
AMD EPYC
Chiplet
Chiplet

EPYC AMD Chiplet

EPYC
Naples 2017 1Sl EPYC  Naples 4
4 Zeppelin
die 3(b) Zeppelin  die 2 CPU
(CPU complex CCX CCX 4 Zen
L1 L2 CCcX 4
Zen L3 Zeppelin die
SATA PCle USB
Zeppelin die
EPYC Global Foundries 14nm
Zeppelin die 213mm?
die 4x 213=852mm?
die 777mm? Chiplet
10%
AMD 4
599524
2019 EPYC Rome
7nm [81(9]
Rome 9 [6124] 3(c)

Naples 4
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Diel

Dic2

[0 |[ o |[ v ][ 1o | [ ] [0 | gﬁn[l’ ‘;SIE
|G, | L B e || wem B | G2 | =
=) =] | el el
i (»1((‘-:(;?05) Miifxes: : ?3? (“%‘?‘{“] (“%?‘;’ : ;F e
10D
ccx CCX 12m1__
g| Gem | G 3 oo 4Comy |3 5 33
[ o ][ w [ w ][ 1o | |,§e3 | l|)i_ﬁ:& (;E“r: "”.;ES
(a) Traditional monolithic chip (b) Homogeneous chiplets (c) Heterogeneous chiplets
2 AMD Chiplet
Rome 9 EPYC 24
8 Core Complex Die CCD 11 AMD EPYC
0 1/0 Die 10D CCD Chiplet Xilinx 2011
TSMC 7nm 10D Global Foundries (Stacked Silicon Interconnect  SSI)
12nm (25 Virtex-7 2000T Virtex-7 H580T FPGALR®
Rome CCD 2 CCX Intel Chiplet Stratix10 FPGAZ7
CCX 4 Zen2 L1 L2 Sapphire Rapids?8I29 920
CCX 4 Zen2 16M L3 Chiplet 7nm 64
10D PCle ARM SoClI
10D+CCD AMD
Chiplet
Chiplet die-to-die
2021 EPYC Milan
Rome 9 1 10D+8 CCD Chiplet =
7nm+12nm CCD 10D
Rome Milan CCD 2.1 Chiplet
1 8 Zen3 CCX 8 32M Chiplet 2D 2.5D
L3 8x 32M=256M L3 10D 3D
AMD John H. Lau [31](32]
Chiplet
AMD 2022 ISSCC 3D 2D die
V-Cache TSMC 3D 64M package substrate
SRAM die CCD Die Flip-Chip
Milan Milan-X C4 bump wire-
CCD 32M L3 64M L3 bond 4 AMD EPYC
CCD L3 96M Milan-X L3 Multi-Chip Modules MCM
768M Milan 3 @& 2D
Chiplet Flip L\hli Wire Bond
Chiplet AMD EPYC
Chiplet 3 EPYC
2022 6 Top500
5 EPYC 4 2D
Green500 10 8 2D die-to-die



EPYC 4

die-to-die
die-to-die 2D
silicon interposer

silicon  bridge Redistribution

Layer RDL die-to-die 2.X
John H. Lau (2
2.1D
/ 2.3D
Through  Silicon
Vias TSV 2.5D Intel
EMIB 2.1D FOCoS 2.3D
TSMC CoWoS 2.5D
2.5D 5

a Silicon interposer

Silicon Bridge
pBump

Package Substrate

Solder Ball

RDL

Solder Ball
¢ RDL
5 25D
TSMC CoWoS 2.5D
B34 CoWoS
5(a) die HBM High-
Bandwidth Memory
u Bump/microbump
C4 Bump Intel
Embedded Multi-die
Interconnect Bridge EMIB (3516361
die
EMIB die C4
5(b) RDL die

RDL RDL

Cu pad Cu contact pad RDL
Cc4 5(c)
ASE FOCoSPY TSMC InFO_oSE”

2D/2.5D 3D
3D
3D
Intel Foverost® TSMC SOICE
Foveros die
6(a) SoIC
bumpless - 6(b)

C4 bump—>060068606

a Microbump b Bumpless

6 3D
1 Chiplet /
/ 2.5D
2D
6 3D die
2D/2.5D
AMD 3D V-Cache
TSMC SOIC SRAM die CCD
CCD
1
(M m)
2D C4 ~110%
CoWoS | TMSC | 45%
EMIB Intel 5509
2.5D
RDL FoCoS ASE
RDL INFO_0S | TSMC | 25~408"
Foveros Intel 501
3D soIC TSMC gt
2 soIC| TSMC | 0.9%)
2.2 Chiplet
Chiplet Chiplet
Chiplet
OIF Optical Internetworking Forum
OIF 110 CEl Common Electrical
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1/0
CEI-11G CEI-28G CEI- SDR DDR
56G CEI-56G chip-to-chip
3D 25D die-to-die 56Gbps  Serdes Chiplet die-to-die
56Ghps Serdes 1“0l
CEI-56G 5 3 Chiplet
LR Long Reach MR Medium
Reach Very Short Reach XSR
Extra Short Reach USR Ultra Short CDR Clock Data
Reach LR/MR/VSR SerDes Ser- Recovery
Des AC 1
XSR  SerDes die-to-die D2D
die-to-Optical Engine D20E USR
SerDes 2.5D/3D D2D
10mm Chiplet 1/0
XSR/USR SerDes SerDes
2 CEI-56G 5 SerDes
Chiplet die-to-die die-to-die
Intel
AIB Advanced Interface Bus AIB ®1 TSMC 4
LIPINCON®¥2  AMD IFOPEI#I [48]
OCP Open Compute Project OCP ODSA BoW AMD IFOP
[44~46]  OpenHBI [47)
DDR
2 CEI-56 SerDes
SerDes
PAMA4 100
LR - ENRZ <2 35dB@14 GHz AC
50 15-250B@14 GHz
MR - PAM4 <1 20-50dB@28GHz | A°
VSR - PCB PAM4 ;101 10-20dB@28 GHz AC
XSR ~ PCB NRZ 5 5-100B@28 GHz DC
USR - NRZ 1 20B@28 GHz DC
3
/ / PHY (pd/bit)
AlB Intel EMIB 2Gbps < 10mm 0.85 3.56ns
CoWos 3.875T*
LIPINCON TSMC \nFO 8Gbps ~2mm 0.486 6.25T
10mm 0.5@7nm
BoW-Turbo OCP ODSA MCP 16Gbps 50mm 0.7@14nm <3ns
8Ghps 0.4 -
OpenHBI OCP ODSA RDL 12~16Gbps 3mm 05 4ns
IFOP AMD 6.4Gbps 10~20mm 2 <9ns
* LIPINCON T 1



4 BITHITEROME

CEI-56G/112G XSR/USR AIB Bow HBI LIPINCON IFOP

2.5Gpbs~112Gbps 2Gbps~16Gbps

1.0~1.5 pJ/bit 0.5~1.0 pJ/bit*
BER PAM-4 FEC
Substrate Interposer
* AMD IFOP 2pl/hit
AW PCleFCXLHS £ ] B EEH B UCIe
W2 UCle & & X T it (Streaming Protocol)
Synopsys 75% TSR e H - B g SOl
25%4%)
die-to-die 1P Protocol Layer

3. ElW S Chiplet B EFRERTEE

Chiplet?E .32 WEE I Z DA Th g A
T2 BE&E ARG TG R, KA Fhdie-
to-die FL3%EH: R I i 1 2% FE . Chiplet HE br itk
b — IR E S T A, fEUCIebREHE H 2 BT, ODSAM
HMIDARPA CHIPSRACESFR A HE 3k Chiplet FLIE bR #EAL. -
UCle 1.04R#Ef 45 R Chiplet 47 Ik 4% LR A —
FIBIR, P B/ G A B 3 s v B A2 T ) o AT AN O
ITHO, HAAREEA .

3.1 UCle

8 N & HOE 8 TE AR #E RS (Universal
Chiplet Interconnect Express, UCle) #&—FhJFJ
APV ARAE B, AR /NG R 2 (R Pl vy e . KA
IR RIhAE H A ARG 3% 8. BT
P %, k. 5G. RE. mtEREHHEMT
R BN T AN TR AR R AR
3K RW, UCle Rl ZMokiE /NG F, A
ANFIR B AR B FIAS [F] R 3 e Fe R

1 UCle

UClesE2 — AN 4r 2, BHEHHIZE (Protocol
Layer) . D2Di&MRE/Z (Die-to-Die Adapter) F4H 2
(Physical Layer) , 7R,

UCIefETHhSUZ LR 2 M, f45PCle 6.011
FlitBE z{FICXL (Compute Express Link) 2.0 J5 %2R

_ Flit aware D2D interface
(FDD)

ARB/MUX (when applicable)
CRC/Retry (when applicable)
Link State Management
Parameter Negotiation

Raw D2D interface
(RDD

Link Training

Lane Repair (when applicable)
Lane Reversal (when applicable)
Scrambling/De-scrambling (opt-in)
Sideband Training and transfers
Analog Front End

Clock forwarding

Physical Layer

7 UCle
D2Did it J= 11 33 B IR S A S H i rg . ol
35 R PR TU A 5 360 A0 B B 20% B 1L ] ORAIE B8040 11 7T
FEAL . UICREZ BB, B TR R AR

NI N3 2N

UCle 1.0¥E T hrifEdt e, St e ol ik
3R, R8T R, brdEdl3EEI2DHE 2, die
Hdied it # 3 E R ER. it HE R E T 2.5DH
%, dieSdielEd HEMFER: (Wintel EMIB. H A%
FOCoS-B) . HEH/rZi%EHE (WITSMC CoWoS) -

2D AL B, 2.5D%} %5 v IRAS o
fit. WESEHAIL, UCleR K3DH %, Wini AT
W, ATH H 3D R AN 2 > diedE B i AN SR,
S 5.
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8 UCle

UClef % T Intel i iz L a2k (AIB HR,
KA FATEOE 5, BE It AR AL AR
ZH (module) , WE9FTR.

Dl | ——mm-—— ~ Die2
= : Mam Band : S
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