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G HS R, Yole #M E] 2028 4, CXL 73 S Aa ANW§A21E 150 12 ¥ T,
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It FHRERBELFASRELTHR BT AAWGIREREATER, AR E
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B R EAI, WRER KRG ERGITH A/ . Transformer £ 4942 A A48
KEZABBOER, HFRFEW 41045, @ GPUAARAERF 21509 B Ko

BA3: RBEHFSMFHEKRZAREMGERBE BEk4: RREREANEKLEEND

Al and Memory Wall Scaling of Peak hardware FLOPS, and Memo:
y HLOO
o AL00 3
10000+ . 1000000 HW FLOPS: | 60000x / 20 yrs (3.0x/2yrs) e
Transformer § 410x /2y wttch Tranaformen DRAM BW: 100x /20 yrs (1.6x/2yrs) o 8 ™ Tl
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E . - 10000 & GTX 580 .
2 1005 £ L] .\ i ’ .
£ - 5 il
3 00 (8064 L ]
8 Megatronth @ r Xy et e
5 0 v zew v Tl P % e e o 15 . .
. .
§ [ s ) .y . ..
............. 7 oone 8 -t .
L ] )
. « I v 3 ui wink 1o | PSP
P thd ., LR R Cle 3.0
0.1 "‘“": ‘‘‘‘‘‘‘ o t101 Transformar . Pentium Py 2.0
-
EEEEEE DenseNet
L e
o. T L AL AR LA RARS RARNRARS LARS RARS RS RS RS BAAS RARERALESEAN SRR RALERLLI ARAS BAL) SLL) AASS ALRS SAn)ARE) AR REASS
9 1996 1999 2002 2005 2008 2011 201 2017 2020 2023
Vear
T - — FE T TR - — R a—
FHRE: Amir Gholami % (Al and Memory Wall) , EESIERFFRET FH kB : Amir Gholami % (Al and Memory Wall) , [EIRE KA 50 HT

22CKL B R EBpERE, BREANFAAKE

CXL (Compute Express Link) # K2 —## B HR ZHEK, BEREZHY
HESLBRRIKGER, AHKAANALT,. REAAFAARE, HLB “NE
B FARGHGBERT R, CRWBFZHR, AMD fe Lt S] IS4, FF2 T
OIS MIF NN AN KE L. XL W BIRERRA T Mk CPU Ak & &
EAIR B Z BN BBA, BRN AR KRR RMEA AL T M5, CXL i@
A E b Er B, BRAGL, ARt SEERENETR, RAHE,
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B&5: CXL A Aitfe it ¥

KH# & : CXL {introducing the CXL 3.1 Specification), EBiEHKAF R AT

23 CXL BRAKLEYHE

5 PCle A4k, CXL HARREHHH. 1) CXL 2R 4K, BF H 10ns, & PCle
893ER ) 100ns, 2) CXL X H A A —H b, —HK M52 R4 T PCle & A425 . 3)
CXL 3t 2 1] T 45 52 L 4 74, PCle bbb M@ % 17T 4% . 12485 T PCle & K H
MM LS RZE, OXL BATR AT %, 1A He KRR,
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B %6: PCle #= CXL X F &4k & M 4y 45 b 5t b

HbE PCl Express CXL

N PCle5.0 # 32GT/s x16 CXL2.0 4 32GT/s x16

i 5 PCle6. 0 # 64GT/s x16 CXL3.0 4 64GT/s x16

— sy e

e x XH, e

3L R 100ns 10ns

=) 2{»

;; PCle ik A]38 % R °T 48 & CXL Huhk = 8] 7] 45 & L4 /4

Wik | BB AERAK CXL2.0 42 3.0 % 4

ARERAHZ
BA | EMFRE, - EMEEE, EK, &4
ﬂ\]é il % A DMA + F] CXL. mem
17 |8)
PCle 4131 & K #9346 A AR #AT T AL 4403 )
et pe%ﬁﬁkﬁi%ﬁiﬁ”kﬁiﬁ%\%ﬁkﬁ CXL 41 %f 64B & 7447 fedir A7 7 41
Ko fit (512B, 1KB. 2KB. 4KB) : JF#i#{K, &£l T4 e B o5 LA E R
B AR PR AT
Bk X A F CXL 4% o 49 SSD #= DRAM, & Al
H F PCle #9144 (NVM i . ’
wop | BT PCle #1AA (NVie) FRSHENG/ AR
¥ % 32b - 512b J2. % 512b
944 | 1024b 1024b

[ % # PCle 9 CXL =4 &
X &P A E % Home agent
BB FHTFaE (RIRE

58, | /X PCle

I —BHIRA A KA DMA S di, 15 5 1442 F

BR | SR EIX) SSD B4 = it HA
Zs; NVMe
W4
£ 5 . . . FEAALE, EAFI)Z; CXL
- g}(‘ a—g—~k ’ ’
25 o K LAk #, s &iL2| PCle5. 0 P

FH KRR synopsys B H, BEIRIEFIF LA

2.4 CXL A A K& A B ik X

CXL /3 4 5 MM A BRI, NAEXFAREHREMHEZ. CXL1.0 T 2019
F3ARM, BHE 1.1, 2.0, 3.0 Ak, 2023 F 11 J, CXL BRELAAH T RATHY
CXL3.1 A& . & CXL ARG RUTiESE, KEAKBT SEATHET &Ae N A5 569
BB hotkit, B RiE.
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CXL Specification Release Timeline

March 2019 November 2023

——i

September 2019 November 2020 August 2022

CXL Consortium CXL 2.0 CXL 3.0 CXL 3.1
Officially Specification Specification Specification
Incorporates Released Released Released

Specification
Released

CXL 1.1
Specification
Released

KH#EB: CXL {introducing the CXL 3.1 Specification), EBiEHKAF R AT

CXL1.0 & 1.1 B AR Z A —RATAE, —HMLFZAR KRG EA. CXL2.0 A T
2020 F, #FHET e, NGk, HEANEHH. IDE (ZRERFRKIEME) Dk,

CXL3.0 MRA A=A XML FTERA&BE., 1) PCle #ild PCle5. 0 L3
PCleb. 0, &4k £ 32GT/s 35+ & 64GT/s; 2) CXL3. 0 T A X # £ /m % 7E8) Switch
B 3) BT AHAAR, CXL3.0L#H—F EHANAEEFE,

CXL3. 1 # s At B4 Ak OXL 34T T M etk 3 m T #89 TR PATIRIL A B8,
HNAETRERHTTRE. 1) AHFEALEHERAF (GIM) i@ CXL 25493t/ £
AU GYIEAE, X IAKR KR Z R LM, 2) @3 OXL A HFH a9 A R 2 i &
K3 GPU A A 0948 B 2CE, Xt TR KB KIESEF Al THEARIEFT AT,

B &8: IEMR A CXL 895tk

reatiees | cuu/u o 20 oxL30 cuar |

Release date 2019 2020 August 2022 November 2023
Max link rate 326Ts 326Ts 64GTs 64GTs

Flit 68 byte (up to 32 GTs) v v v v

Flit 256 byte (up to 64 GTs)

Type 1, Type 2 and Type 3 Devices ¥
Memory Pooling w/ MLDs

Global Persistent Flush

CXL IDE

LRSS S

Switching (Single-level)

Switching (Multi-level)

Direct memory access for peer-to-peer
Enhanced coherency (256 byte flit)

Memary sharing (256 byte fit)

Multiple Type 1/Type 2 devices per root port
Fabric capabilities (256 byte flit)

Fabric Manager API definition for PBR Switch

< P ] F] P | B B ] e s e

Host-to-Host communication with Global Integrated Memory (BIM) concept

e | P el el el B B B Bl el et ] el e,

Trusted-Execution-Environment (TEE) Security Protocol

Memory expander enhancements (up 1o 32-bit of meta data, RAS capability enhancements)

Mot Supparted  Supported

#H# &K : CXL (introducing the CXL 3.1 Specification), EIEiE K 50HT

25 BFREXS 49 MmN CXL BB

CXLEEE M ERRELREL, BAR R LEARL 255 NRR, R ET 246 CPU,
NG, BEARMELEHER., BIFE k99 m A CXL BRHE, 474 B CXL #H K, I
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d X 4 OXL Ry = o, Bh7) OXL 89 & &.

B%9: CXLBEHEFLARR

e 2, ' I (] I (]
Alibaba Group AMDa arm |C||Sé°' MLEMC

Google ?wlett Packard g’é _:;

Enterprise HUAWEI

intel QMeta

»,
Bm Microsoft > Rambus SAMSUNG

NVIDIA.

CXL Board of Directors

Compute
Express
Linke

Industry Open Standard for

High Speed Communications Z03s Member Companies

KA &K CXL introducing the CXL 3.1 Specification), EEE &K AT
26 CXL KB R LT =M AR &

CXL AREZ X T =AWz 1) CXL. io WK L2 PCle 5.0 &9 it, AT
WA, A, BB RNAFI R AR F A EZiTFl. 2) CXL. cache WU LT EMAik
&0 B, A EAE OXL & & AMAKGY 2ER & e sE A EALA A . 3) CXL. mem 1t
AR T THLEE, & R Ao G 47 PR & REG N Ao

CXL R R T =AM XA RE, S AXBELRRG TR, CXL. io A T
MRkt dE, P VAL B RAFATA OXL L& 09 L, o R K A8, #ERLE
BT H— AR R TR NIC Fik & % APk & A TFA N GR35 4= CPU,
GPU. FPGA . % =47 & AT A &6 RkAeit,

B%10: =#e s hy CXL X&EAAR

Type 1 Device Type 2 Device Type 3 Device
*CXL.lo + CXL.cache * CXL.Io + CXL.cache +CXL.mem *CXL.lo + CXL.mem
* Accelerators, smart NICs with coherent * Accelerators with attached memory and * Memory buffers/expanders
cache optional coherent cache * Host accesses and manages attached
* Device coherently accesses Host memory * Device coherently accesses Host memory; Device memory

Host accesses Device memory

FH KR synopsys B, EIFIEKHF KA

2.7 CXL 3% 72 18 ) ¥, DRAM & 4% £ 24341
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CXL ZREFKBAMATTHEANTHNE, ARAZRRRRLE, KA CL
BBUR S B69 B LB SR, ARIE Yole a97M, 2] 2025 4, KA CXL Mhisay 48
PRS2 b ik 2] 60% A A, £ 2027 F, X —HAEF L 100%, Yole TRM E] 2028
., COXL 7 3 B AFA8 1L 150 12 £ o

B&1l: 2R %BFEMA CXL hidy &b

2022-2028 CXL CAPABLE SERVER CPU VOLUME MIX
BREAKDOWN BY CXL VERSION (% OF TOTAL UNITS)

5S0r X port, Yole Intelligence

100%

80% I
)0/

40%

20%
5% -

2022 2023 2024 2025 2026 2027 2028
mCXL30 mCXL20 mCXL11 mNon-CXL

r

=

g

o~

@©)YOLE
FHRIR: Yole group, [BIFRIE A 5LHT
DRAM & 4% CXL 7 % &) + 24y 3, B IF E K99 #47# Ko Yole 7t 2] 2028 4,
DRAM 77 % MAR A ) 125 /L 71, &3] OXL T ARGy 79%. = ZAeif /) a2k 4
TRA CXL AAEHBE® L AAMKM, 2023 55 , Z20FsAEHLH
CXL2.0 &9 128GB DRAM, 7ok T — MK A& fift & % sk 77 R 69 7 M AL bAZ,
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B %&12: CXL T3z MAL I LA

® CXL DRAM

® CXL memory expander controller
® CXL memory expander*

@ CXL switch

2026
$2.1B 4

2022

*inclusive of DRAM and CXL memory expander controller
CXL : Compute Express Link

FH %K : Yole group {CXL: a promising solution to data center memory bottlenecks?), EI¢iE K45 T

3. BEFEN: XEEZHHAE A 48X

Al RARAIGY B R, 3 “i27)” RE T X &5H0F K. OXL B &k R K02
R, R TARANEGLRT, RAAAAZE, AEHEER “AAE. CXL T
BRI, BASEEMREIK, KEAZDERBRAE, R, CXL &9 KR A
WHE A AR SRR Y, SMNEBCTEEHAXE.

4. RIeRT

CXL % & ERAFAI S, Al KERBIAIG RS, F Bl Rk R AT
R,

10 HH L FERERNGE L
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A

BB BATE PR A
& R BT BAGIF B LA B AAT LR EAN ABXT ) A48 K AE A 3 AR R AR kRS 20% A £
(B ABLIGIEIN) T BAREARELF BB 6 ) 124
B At B 448 K A T 9 KK S SR MR AN T 5% 20%2 18]
AN T AR, B AREAF A 6 212 | prom ey
ASA RGN SR (RAT 530 BT B A48 KA T % BH ABXF B AR KA T 5 KA A SO R AT -10% 5% 18]
X AR MEAG A TR MR A H e  H P (AR 3% 0P IR 300 . B
RABARE BTN B S AR 207 % £ A8 % B A AR K AE AR T 5 KR A5 10% A

A KR, HEZMT ARG (B3 HEiEAR

9) REMMT AGH (BHa T #510AREY) AR &% BT RT | Aast R4 RAER T KA H kg 10%A E

THABAREFANE B4 IR KATHAAME | oy 0 il ARSI ) AR K AE AR T R G SRR A F-10%710%2 4]
FEFEAGHIATE 500 A4 Aok HET AT L

X . BT KRT ABST B A48 K AE A T 3 AR A AR Rk 10% A B
SLAEH R B F A MM AR Kk,

— 45

W dE B A AR, AR P 0 B A AR AR 3 B BB GE R R A PR AN 8] (236 BRI 294 T 030 A4 B30k 58 46) A HEB ALH) (AT AR BLRRIE £ ).
AZEREAT LS DR, FEMEITH KIBR. KESH LHARS AP O A0, AR, P ARE TR ORISR AARILH A BBIE
FTAR, IR S ARIR AR,

ARERANER, EEMNGE PR, BFIEATRERA AR ARERLL A BIRIERGE P o ARE T 0915 8RR T RAVA T 6 2N 4,
A2 E BRIE A3 X S AT B 09 R b B R M AR AT RRIE . ARE T, TAFHRBEF LF, FHAATRIELE LG HH RAENEIFRELH, ZFHE
& BRIAAZRIRBAREAR LRI B 8, M HRUARFEE K, EETHEYTHBOHETAGMAME . &7 B G ARE T 612 &AnE
RAATREIFE, FERNEFEEANRT BN, MHRUFRRTER, LEWHEE. Tk, Bi. HEFFTEHENERGE L, WRBRA R ARE
P —ma R, BRRIERR/ I RIEA R ¥ RRIEAT S EF A,

ABEFHAE R, REAFMIA RIBEH LB G EAHb, Z5EL, BEATMNALE B &P T 2%, /R0 EAT RN B BRI TF
2t ERREE, BRIERATRAKS S AMENEE N, FELTNR— B RHRE

BRER M EAR ., LHAR RAIAE L AL TR QARBETR R Fo ik R RR Q5T ik m o kR @ RE L AREELAEBR— BT it
WA/ R H A Fo BIIRIER XA L & LB B IRE A B AT RAF YU S o BIFRAER I F3Z30T. 8 F 3 TTAR AR Ak 530171 7T e gk 24
H 5 AIRE P 09T R — BB H R

475 B9

B SR TR RUT, EBAER T i & A AR PRAN A RATOER AT LS, TR AT A TR K SRR AT, WM SR i &
FEAERRS. B, 8FHESH 8B BRIERRL/ REAXAR THA A0 ARSI L EG B AEF ZF R, BT H W ARSI A BT R
* R AE—SF IR,

MRAL 7 B

A BEBERF RS @ HT, EATHH SAATAE T KM, LA 8, PSR 3] A. B0 bt R — R BB RACK T A Q8. L4,
HEL A AE R,

BA &M
T ALK T RIRE R TTIh KB 208 5 FARENT 9 A% 44 L B AR Rl 1198 S LIC—F 37 #
R LHERBT &kk—#r 8 F ERERK 12 4 R JHRERY TGS X 5 @3 4068 5 AR K% 149 13 4

% 75: 0510-85187583
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