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e HhEBEX

o Linux®BFEEBFIT. Linux KernelX>Z®D[E1JMD0Open Source
Software(LL1&0SS) DiLEERF Z1EH
oV MHFENMNEP (J\— REIFIBE(IIBIZBFT)
o OSSZ M F (CIMBILRT DD TI(EIA<. OSSEDED(upstream)
ZREELEUTHEDER DD =V 3>
o ZFE)\WFMDOSSA=1 =7+« DR, FHim. 2%/ W FOREANDY—HHBHSE
o EXRX & L TTupstream\DHERED Y —H\WiZB
o JMBEHLERUZOSSIEZDEDAS FTFH O AIARA MIEITE T, BRENCENRLIRD
® 2003~2008tE., #tt++H—)C(PRIMEQUEST)MEIF(CLinux KerneldMemory
Hotplugt¥gez ¥
o ACPI/g EDEBEE(L NItz (ED> T, BHIRB DHEEZ Linux KernellR4EDY — X TXEIR

0 2016/7LUFEMNSIRIEE T, AFRF—LZXR\TLINUXDRNEFEAETD
DIMM(NVDIMM)3} 5% 184
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@ SRDMITNWKDBHUTNEITH, CXLICDWTEENERAEL TLVDERR
PAREERQMEFID T2V ETEVTINE B A
o CXLB KU Z DR HEMARZ (IMRDDR—=ZETH D, EBBFIRLFILES K —EPDRETL
MEEHTULEREA
e CXL 3.0/t#k(F911page (CXL 2.0DB5(X628page T+283page)
o CXLOEARDAIE &R BPCledDGen5 ARAAT1299page
e ACPI ver.6.4C1063page

o THRDEXZHRITDILDICLTLIEEL
o NHYUA MBS ERETEAI>O—-—RTEFET, (BZEIEA—)L RLADEKISHE)
o BDONMHNL, CHEBWNEEITDEENTT
o TARNEE LU\ &R U Tz 5slideshare NBiEHDER B EL 2L
® PCIet>ACPI/Q E DRGNS, FRAEDDDIFEHELWNTT
o BREENIEE (CZ L \DT"1.2 Terminology/Acronyms”1ZIFBIRENRI U TERODNB I I8
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https://www.computeexpresslink.org/download-the-specification
https://www.slideshare.net/ygotokernel/cxlpdf
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CXL&(F FUjiTSU

o T/ \A RIQEZIEH I DIITIRA > —AFRD bR

e Compute eXpress LinkDB&E T, “Open industry standard for high bandwidth, low-latency interconnect” &N TUL\D
o RETXRD > —1%2 N THBPCI express(LI#PCle) Dtz i (PCle Gen. 5N %)

e 15(CGPGPU, Smart NIC, FPGA, XEU(IERM. REFM), Computational Storage DK S72F /A ADIEFHTA U W k
o EFTIAR(ZV3.0T. 2022/8/ 11 TN B

o i U CLVVZAIARDHRTIE, EEFTRDHHEELIEFE

e CXL®dDBoard of Directord>iE% (202268 AN : IRF(F2BLIR(CEAN)(CE. EBRRAS-—HNRESS

e Alibaba, AMD, Arm, CISCO, DELL, Google, HPE, Huawei, IBM, Intel, Meta(facebook), Micron, MicroSoft, nvidia,
SAMSUNG

o CXLEBMMEWSA/ULDMAERE U TIE. CCIX. OpenCAPINFEELIEA. BEAIIRFE D12
e Open CAPI(2022/8/1(CCXLICIRIN =Nz ENEES M cENTz
e CCIXDPromoteriPZE. REFZTDEEAENCXLDAIN—PEEROTH D, CXLICEEXELEEDBEI 2EHBND
e CCIXDPromoter& LTENL TLVZDIFAMD, ARM, HUAWEI, Mellanox(¥8nvidia), Qualcomm, XILINX(IR AMDF&1t)
o FEEdDSB. QualcommZiR < £EENCXLDBoard&E72> THD . ETDQualcommECXLDContributorX > /)\—& L TEN
e CCIX®DPress Releaseld2019F % &E (CHIT/RNIBEHRR L
o SRXFLINDIFFERIEELTGen-ZE&Ho>IeMN. OOV -7 LAB2021 F(CIRINEH
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https://www.anandtech.com/show/17519/opencapi-to-fold-into-cxl

CXLDEFNEE= FUjiTSU

o 5 — I DER/IIBDNEMEDIEXR
o HEAMF B TR EDIRFEDIAM b L > RDFE

o CPUDIIBRE DREFT B (C K DUIEDA T O— FOEE
®GPGPU. FPGA. Smart NIC2& (L& BF—FUUBDBHAND

o XEDEEDIEXDUEE
o CPUE > DHIHIR E(CLDISLILA >4 T T — 2D DIMM(JZ(F) TISIRA

-

PCI expressicfihH3d. T/I\AXAPOAEY ZIEHi T D
i+ > A -0 M E
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CXLIC K> TEbELLI\DH ? FUjiTSU

e f5l) GPGPU/IR EDETE NI (TITZ D
o IXTIE., CPUNEDS XEU(DRAM)EGPGPUD"T)\A AAD" AEURIT. BWLMIT—FEmENNE(*)
o HEBEMRODT—FIEIT TR, GPGPUICEITETE DT DIRERBET. EAIR DX EFEANND
o CXLTIXCPU,GPGPURY, BEL\DXAED ZinteractivelCBIEZSIR - EFhCEd
o HWMFHREDAENMNRIITRADEEZILOND
® FPGAY>SmartNICIC kD7 —FAUEDA TO— RICDWLWTHEE

/@ ~ CXL ~

PCle PCle CXL
CPU GPGPU CPU GPGPU cPU GPGPU

: : _IA /
AEU AEU XEU AEU NED] AEU
Ee]

e [ =] % 2

1) CPURGPGPUDEHZ 1> /1)L L. DatazAE 3) GPGPUA'ETE CXL/R25CPU,GPGPUNELV\DXEU (CESIB, B
2) GPGPUDAEU(C t %% 4) GPGPUN'BCPURID ATV (CEH R A dRi% / k TEBRH. WMENRE(CRD /

e F/z. DDRXTH#EHi I SDRAMIZITTIFE DAL RO TS ATV ETEDIEFRIR EEBHREY

(*) &% : CUDA Programming https://www.sintef.no/globalassets/upload/ikt/9011/simoslo/evita/2008/seland.pdf
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https://www.sintef.no/globalassets/upload/ikt/9011/simoslo/evita/2008/seland.pdf
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e HL\DAEY ZinteractivelCEF 9 d/zsbIC(FICachezfE >

IO ZANWNARTR
e PCIleTT(EZCPUY>T )\ XD Cache& FE> 1= 77 IR (X TERN

o F)\AADAEYZERZRA RDZERI(CY YT L TEWrite Through M7

THEZAUNTEY ., EL)
e DMADEKSR—IEUET —FEREEITOICENFHRTH D, BT
interactive’la XEUSIE, BFN TSR

e H(\(CCacheZz{#E> /zinteractiveld 7Otz X% LJzL)
o ME(ZIHU TWriteback=t/zL)

CXL(?IJ:EE’&%L%@“%H:#%&:EZ%

W(Z. interactionM PRV T )1 A TlE. CXLOBE(EZ(FIC U

o S —%—IEIIE L CDMAERX L. #IDD>1ESCPUICEIDIAHZEMNTS...

ENDIREDHEEDT )\ A X125HFDRFRNEEND

BRIFT £ DA (LT (EInteldDkeynote DIEER)
https://www.servethehome.com/wp-content/uploads/2021/08/Intel-Hot-Interconnects-2021-
CXL-1-Open-Interconnect.jpg

CPU-attached Memory
Writeback (OS Managed)

Memory i : PCle DMA
Il. '-.- e Mt( B 4

(W - L Ll
Memory P
Load/Store

Accelerator-Attached Memory
(Runtime managed cache)

With PCle-only

CPU-attached Memory

Writehack (OS Managed)

Memory j .

mem e e
L L

~ Memory
o \ Load/Store
N Accelerator-Attached Memory
(Runtime managed cache)

CXL Enabled Environment
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https://www.servethehome.com/wp-content/uploads/2021/08/Intel-Hot-Interconnects-2021-CXL-1-Open-Interconnect.jpg

Cache-Coherentiinterconnect FUjiTSU

o CXLDOWebR—=(*)TIICXLZ—STUT DK S (CEREA / \
e “Compute Express Link™ (CXL™) is an industry-supported Cache- CPUO . Cacﬁ:%{ﬁﬁ OK!
Coherent Interconnect for Processors, Memory Expansion and Cacgfﬂig/ LTERHOD
Accelerators. “ T YRR
= ZZTUL\D [Cache Coherent &(&? |
o CNETIICPUDMEIEITT, XA AEFUICHITDF v 1DORBICD /}-:E;E FTIAR BRIRLN. ..
WT. BWCHEETNELN ST \_ 1 j

e MESI, MOESI/& & dcache coherence 7’00 M JLAFIFEESNTLS

o BIRDCache TOEWDT7 ITZAZRIRTBIEHICE. T/ A RE
CPUDBEICTHE. EHRDIHUFZITOINE

ol 7 - == / CPU 0 \
e CXLTIEMESIZO rILEHEALTCNESER cachew i CPU1

Ui || e
. - e — o F—AEARE
Modified AEUNEBESIN, Yt v 1 (CDOHRHT—INFE
Exclusive LT VS ACOHFRFHT —IDNFELTVDIN. AEY EFEFT—4F
P—E(clean)
Shared FENDF Y aAlCET—HINMFEL. AEUET—HIF— CXL
Invalid COF VSIS TE K
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CXLOD4FEN FUjiTSU

e Gen 5.0LA[FDPClezitH (AK)
o ZHe(YEE)(FPCleZDFEFICLDD. D LAIL 1Y & pCl Y CXL.cache, N
e, CXL.io
BIEEHE
o CXLIFLATF3fEEDT O b )LDHEAFENET
RECHEA (PCledTO ML ZZDFETA) iEE
e CXL.cache : 7/\A/X (7Ot&>L—%) &CPURET | 4
3 = C ional S KD,
AEUTOCRERET BHEICER S A

ZCXURBEOTO ML ZENT D & TER CXL.mem
F(CFvr v a1IBHRZIEE - BRI DEHICFIA
TE357/)\( X

e PCle (ZGen 5.0Lf(%. PCled/\ZX L TERZF0O0NIILD -
® CXL.io : CXLTF/\A RDt&4] - PCleX— X DI T —iks -
e CXL.mem : CPUETI/INA R (ZPOotzTL—%) BT (XYt S5 L —4:SmartNICK®
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CXL®D 3 EHDFT /N1 X

P
FUJITSU

o LT D 31 BEDT ) A ANER

Type-1

FryvIazFEAEYZRE UGN
or

RABCABAEDZRELEN

PN 74

a )

(] : SMART NIC
FPGATRL T
DIBRDIHE)

B9 BCXLT
O ~3JL
- CXL.io
- CXL.cache

Type-2
FINARACFvrvSaEAXAEUE
N EERSPAS P
@ N\ (1 : GPGPU.
N9 DT —X
RE)

. / fERAI3CXLTO~
b
- CXL.io
« CXL.cache
+ CXL.mem
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Type-3

CXLICH#Ht I DIMIITDILERXED
(BERMETEMNMERMETEOK)

4 O

 Memory

ERIBCXLT
O ~3JL

- CXL.io

- CXL.mem
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CXL Type2 FINA ADF v YSa1ERXEY  rujiTSU

e Type 27 /)\A ADDevicefllDF+ v > 1 DEE(L

DCOH(Device's Coherency engine) &UL\S 12 7R— CXL Device Host

;Il7\\/ hb‘*ﬂ% DCOH cogﬁgzr;cy
o DevicefIDF v S 1 DRIEEIT - BH EBIBAAEY 7 IS CXL

RZEITOVENDD _

o 2B, Type3d T /A RDFE(FF v v > 1 DEIR(FHostAI(CPUAI) HEZH

o 7 )\AXDHFDAEY THost(CPU)ICREBZAXAEU %
Host managed Device Memory(HDM) &5

Host
attached

Memory

13 © 2022 Fuijitsu Limited



Type2 5)\A A S5DHDMADFP IR FUJITSU

® CXL2.0T(&. CXL Devicefflh 5 ZmDeviceP CXL. Device Host
(DHOStICREB)AEUADTILRIE, UFD oo __ZEee ) e
2 BRDREITIE U TP OERBEZENSTS ! M
BENBHD
e Host Bias state (G.L) Hoﬁ:::gfyed

e F+ v adcoherencyZRDIzbDYU I T %z Devicefilh
S5CPUICHITWRENDD

o MDFDKEDLS(C. —BCPURIICU IR b= LTH,
SHDM(Z 7 ORI 2RENDD

e Device Bias state (&) DCOH =Xt W
1

CXL Device Host

o CPURIN'F T v 151> %D TLWVRNZ EMMRIEEN. % Bias
DeviceflFRETRU I TR MRS T LTI TES Flip

e Device Bias modelctI D& X3 (Bias Flib:#%&ED) &.
HEFTINAINEBUTTOLERATES (FRKED) Host attached

o CXL3.0C(IRIDFEEH AL (aR)

Memory
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Type 3 AEUF )\ ADiEE FUJiTSU

CXL 2.0 Memory Pooling

® LX_FGD J: 5 Td~ ;QED\\E_{E‘E Benefit of CXL 2.[] Switching
o XEUT—)LE LTHEIL THATEE et e
(E J:) L I i e ol L. T
* —DDAEUT/ A XZZDFEE—DDAE = S
DBtk & U CTIRMELUTHE LKLY
o DT )\ A AZERRTIDOAEYMEFE U
TRETHLL - .
o —DDFT/I\A REEHDBEHICRERZ &6 =N
RLE e e=n
e InterleaveM%TENAIEE eoeo ooee
o BT IFEHD AT F)\A X%ZCXL Switch(Z e = BE o o o
KD T4x2=8waydDinterleavesEZ L 1=H| B T I T I T T

B
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CXL Type 3 XEUDA>HFIT—R FUjiTSU

e CXL Type37 /A RIHIEFA T U ERE A
:E IJ %%%ﬁﬂﬁg CXL-CL! NDCTL

LIBCXL LIBNDCTL

e CXL2.0 UETIE. RS /\ZCXLAICHRIC MRS oci svsis | ocr svses B
VERNE BN
o /\— RDFRH; - HlfEHF5ENDRAMY>Optane
Pmem®D K S57&, DIMMODAEUNSZED N
=)

o CXLDOAEY DR - 3%E (HF(CPmem)
D RS/\ZE. Linux community CIEETZ
FICHAFERDIRRE (1&ih)

SYSTEM
MEMORY

PERSISTENT MEMORY (PMEM)

o NEFRATUDZIRILDT /7T URITD
IF (AREFA) (ZOptane Pmemae., 7 Optane Pmemall¥d
}BF X £ DIMMODIFHM ik N T ROWCXL Pmem™T
e Storage, Filgsystem DA)H(, Device DAX&0UL\D :5%@? iiﬂj}zﬁT % 5
feH—FRIVDMRIE T ZRIERAEUDIF
o ggDK (REREAEVUAITSAISU., W=l %‘ﬂgg
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SwitchDE) 7R 15 ZEE

P
FUJITSU

® PCleTI(&Switch® _Efiz/E(CPU){EIdDport
(upstream port) (w9 1D

® —7/5. CXL Switchld., ZDH(CHEED
upstream portz#F DO &NV E]EE

e T~ {i(downstream)®DportZz _t{fiiportd & Z(C
bind g AN ZECRECED
e /z1Z2UL. bindDE&TE T BDi=sb(C(IFabric Manager& LS
OIR—FR> MHFIET DNE
e Fabric managerz & CTEIRI INIBEHEHNEL)
o IRAMLETENEI DY IRTHEOK
e BMCT#MEI DHAHAHFY T FTHOK
o —/)\—BIBY T ha&
e CXL SwitchdDevicefAdAFH T 7 — A T 7 THOK
e CXL SwitchBE&(C L% "State Machine” THOK

17

=

bindBIMDIKRE
UP1 . Fabric
CXL Switch Manager
DP1 DP2
Dev1l Dev2
bind&DIREEDHI

Fabric
Manager

© 2022 Fuijitsu Limited



7 )\ ADiwIE D E)

P
FUJITSU

e Type3 MAEUF)\A X (IZDHHEE %=
smiE L. AT —)NUCHIT5RD
_ENHED

e HDXTIIBDEFF EEBDEFIZ
BlldDUpstream Port(CEINDH T EHAHR
=

o AXD XS (CUpstream®D I RIDH —/\TE
Ok
o DTSR BNIEXETUDMEEIIZT—/ K
=T=]
e EVAX D E. SRAFLARBDAEIUHEBILCXL 2.0
Tl3IAH]
o TRIFM D ENE| D B TZEIE(C DLV TEFabric
ManagerdDi&E|
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Serverl Server2
CpPU CPU
Port Port

[
UP1 UP1
CXL_ESwiltch
DP1 DP2
CXL type 3 device
LD1
LD2
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https://www.snia.org/sites/default/files/PM-Summit/2021/snia-pm-cs-summit-Wang-CXL-ComputationalStorage-2021.pdf

Hotplugxiis FUjiTSU

® CXL v2.05MD5 )\ (&, PCledD kL
D (CHotplugr]ge’aT/\A X &7xD =
o Type 3IMAEUFT )14 ADIGEBREEK(C
Hotplugh'r]gE
o NMEFREAEURITTIRL, BEAEUICDWVWTH
J\— RBY(C(FHotplugagE & 72D
o M2+ (FPrimeQuestdDi=s(CLiNnuXICER U TS
Memory HotplugD#gent. CXLICK D —figt—/\
TR
e /=fZU. HotpluglCEAUL Tl ERATUDESH
OSICIFRLNEE L LY (18iR)
o NEBEEAEVUDZS. BIFDOUSBIREDA ~
L—25 )\ ZDDIH9 U EFEE UIRE
o YPIBM IR )\ ADIIAD(IH. HBD YT —/—
(CIEFLCWLWEXEUZERDS L. Blob—)/X
(CEDIFTBKIDIRC &ERIEE
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CXLZEO ERMPTFELRE FUjiTSU

e CPU/AI
e InteldXHEY —/\[@(FCPU Sapphire RapidsTCXL 1.1(*)&Hh— bk
() REFE A E U hotplugid & (G EIERITIEDAR
e AMDEREACPU Genoa/Bergamo TCXL 1.1%&H7R— b
e ArmidNeoverse N2(Arm v9)TCXL2.0&H7R—

o 7)1 Z{l
e SamsungldHPCEFICCXLDAEYFT)\A X% 2021/5(CFHE
e 51Ot T Scalable Memory Development Kit(SMDK)EFZ
o 1FEDREER (CDHINFH
e X5(22022/8MFlush Memory SummitTld. “Memory-semantic SSD” & U TCXLIERDSSDZFZE

o NERFT—HDFRHEZ(CDOVWTERELLTHN., F£le. S LU—RTIE20/FDMHEE(latency E R)IL—Tw il
AHELTWSD

o INERRFT—AESICHTITIUNIENEKRT DAL/ MLOD—2o0O— R(CIEENEDZ &
e AsteralLabsh' CXLXAEU > SO—SOY > ) LB ai% A
e DDRS5MRDIMMR EZ AWM ETIEARIBETPCle x 16(C i C. |mA2TB
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https://cloud.watch.impress.co.jp/img/clw/docs/1345/040/html/005_o.jpg.html
https://northwood.blog.fc2.com/blog-entry-11142.html
https://cloud.watch.impress.co.jp/docs/news/1321510.html
https://news.samsung.com/global/samsung-unveils-industry-first-memory-module-incorporating-new-cxl-interconnect-standard
https://news.samsung.com/global/samsung-introduces-industrys-first-open-source-software-solution-for-cxl-memory-platform
https://news.samsung.com/global/samsung-electronics-unveils-far-reaching-next-generation-memory-solutions-at-flash-memory-summit-2022
https://statics.teams.cdn.office.net/evergreen-assets/safelinks/1/atp-safelinks.html
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CXL v3.0D#{tiE—E FUjiTSU

® 2022/8/14FFTCXL v3.0DRMN A
e Open CAPIIRUR IR & EH (Features | cxio/11 | cxe20 [ CXL30

Release date 2019 2020 1H 2022
e AzxR(Iwhite paperd& D Max link rate 326Ts 326Ts 84GTs
}E*ﬁj Flit 68 byte (up to 32 GTs) o 4 v
T Flit 256 byte (up 10 &4 GTs)
Y E\ 7-\3 “I'I_‘"I_\ Type 1, Type 2 and Type 3 Devices v v
ﬂzl* ’J d/I E Memory Pooling w/ MLDs v
e Fabric capabilities Global Persistent Flush v
. CXL IDE v
e Memory Sharing =

Switching (Single-level)

T T S S S

® Enhanced Coherency Switching (Multi-level)
Direct memory access for peer-to-peer
\
] %nl’/{91~ Enhanced coherency (256 byte flit)
° Erﬁ_b\"ﬁ‘ﬁ[ (PCIe 6 Oﬁﬁ}ZEE) Memory sharing (256 bwte. flit)
Multiple Type 1/Type 2 devices per root port
e SwitchdH R — Rizkt Fabric capabilities (256 byte fiit)

(Switching (Multi-level))

o )\ R CTEEFT — X
(Direct memory access for peer-to-peer)

e efc.

o SHIFMEANWISFHUTULBRIE 3 DZ 5t

Figure 2: CXL Features over Generations

© 2022 Fuijitsu Limited


https://www.computeexpresslink.org/_files/ugd/0c1418_a8713008916044ae9604405d10a7773b.pdf

Fabric capability (1/3) FUjiTSU

— . o Port
e /| fabriciZiizH/R— ~ | i |
e CXL2.0E TldRoot Port=JER & 9 DAREE Switch Dev
o CXLTEEMIICEERIREE LR, AIEBE(IERD ’_‘_‘
PCle%& AEE 5 S
ev ev

e CXL3.0TlE. BDELSICSwitchZE 1L I=fabric
Efh elgE(C
e = K4096_J — RZ& gkt
® FPGA, SmartNIC, GPGPU., XEU &L\ @ - - W
CXLT/\1 X%, b—/\—RICHHRICREIbE
o EANCRHEASTREER

o H—)BHEHGDIED AN KE L ENDEIEEM
o RERDDENZ AT LADEEE(C

e NNDTDHPEMDThe Machine(*)X DIREAIIRENSR
(IYAEBVZS AT LADHFNIERD T —FF70F v
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' host

Fabric capability (2/3)

e Port Based Routing(PBR)
0 X(ETTOXRELDportDidEIBE I D ETilEE
e id(Z12bit (40961E457)
e PBR¥FIGMSwitch(dPBR Switch EME(END
e idDIRND 53 F(FFabric manager M&E]
e Management NetworkZz/TUTCEINDHT
e Management Network(&SMBus, 12C, I3CTHBEthernet TERWWESESNTULD

host

SEP
CXL fabric
SEP

SEP

SEP

P
FUJITSU

Routable CXL Fabric

;{

dev

24

dev

Fabric
Manager

Management

SEP = Switch Edge Port
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Fabric capability (3/3) FUjiTSU

o B I(C DU\ FEEIR
o IERMDSwitch & DX B

o K MDtreet@is DAz B 7Rk— bk UTzswitch(EHierarchy Based
Routing(HBR) switch &I (341, PBR switch & (EXBI &S

o PBRMD =Dy
e PBRD _t1iiportiCIdHostdDRoot Portd# M & EF SN TH D, HBRDTF
AIportDIFFRII TERVNEWVWSEIFIN G D
o PR IF Do) 6%

o HPERF DOkt L — MEIRIQ EDHEEE (E. IREEPEDARRTIEIER S/ TLVRL
o TE3DIELink DownDIERHET

o fICE TTNNBRDD] EVWSEHEFINEIR SMNDDT. FabrictEEDIIERDZARK(ETN
JANSYANS]
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Enhanced Coherency(1/2) FUjiTSU

e CXL3.0TldDevicefllE5Cache CoherencyD|&#k= F1F o] G

e CXL2.0T(FCPUN CNZEEE
o 7 )\A ZF 77 U1z R 9 BRICCPURIICHRIVAER
= EVMEX B &, CPUECXLT /1 X (dcache coherencell DUNTIEMFRDEE R
® CXL3.0T(EF )\ X fill & CPUDBEFR A W (C
o CXLEDFv v 1E#HEHRET /A ADDCOHAITHEE SER
° ;SB (. BECHUTT/INARAINSF v 1 DREZCPURIICEFHTIT DL OSBRI DL
VEJHE(C
e COHBT. CXL.memlCZBack Invalidation Snoop(BISnp) &EMF(EN D F &) LASENN
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Enhanced Coherency(2/2) FUjITSU

® BISnp TODT> DEYD MDAl

o (TEREPRI(C(E. 77OTER/I\F—24°
BHAZTCDNTERA IR =
AN

o 7 )\« R AIDEPE TCPURIDF 17 v
> 1 DRREZEEDPT—SFDIUITT A~
Z REENHY (CESKATRE (B X)
o CPUAILEE L THUL\DF v a1Dik
RRzBEEIDIENOND
zg”ct DIEMERS — T > X (IR EBDU T %=
/“’"\3.5.1 Flows for Back-Invalidation
Snoops on CXL.mem”
o BRI -T2 XNEEE
o EEFEDF v v 1DEENEDKSICIT
OY ARSYYANAN =S SV
= [FE. —H5iZifR
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Memory Sharing

P
FUJITSU

o H—/)\—RITCOXAEVUHEHEEEC
o HL\DU—)\WMHBUIEXATUZFIFAUTHFAULEENT]EE
o CDMHEIBZEEDKD ICHBETEDINDERE(FFabric ManagerdDi&E]

o HBEN/=EIEK(CT I D Memory Coherency DHERD
FEFIN—=RICKBDEDEY T MMZKDEDDWLT L

e Multi-host hardware coherency
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https://www.youtube.com/watch?v=jVinRq9xQRM
https://www.intel.co.jp/content/dam/www/public/us/en/images/product/RWD/xeon-scalable-chart-rwd.png.rendition.intel.web.1920.1080.png
https://www.crucial.jp/support/articles-faq-memory/how-much-power-does-memory-use
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https://lore.kernel.org/linux-cxl/165603869943.551046.3498980330327696732.stgit@dwillia2-xfh/
https://lore.kernel.org/lkml/Ysyog0OFUu+5MIxT@casper.infradead.org/T/
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https://lore.kernel.org/linux-mm/20220713083954.34196-2-ying.huang@intel.com/T/
https://lore.kernel.org/lkml/cover.1637778851.git.hasanalmaruf@fb.com/
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e CXL 3.01t#E
https://www.computeexpresslink.org/download-the-specification

® CXL 3.0 whitepaper
https://www.computeexpresslink.org/ files/ugd/0c1418 a8713008916044ae96044
05d10a7773b.pdf

® lwn.net
https://Iwn.net/Articles/894598/ B XU https://Iwn.net/Articles/894626/

® CXL* Type 3 Memory Device Software Guide
https://cdrdv2.intel.com/v1/dl/getContent/643805?wapkw=CXL%20memory%20d
evice%20sw%20qguide

® SDC 21 “Compute Express Link™2.0: A High-Performance Interconnect for Memory

Pooling”
https://www.snia.org/sites/default/files/SDC/2021/pdfs/SNIA-SDC21-Rudoff-CXL-
Interconnect-Memory-Pooling.pdf
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https://www.computeexpresslink.org/download-the-specification
https://www.computeexpresslink.org/_files/ugd/0c1418_a8713008916044ae9604405d10a7773b.pdf
https://lwn.net/Articles/894598/
https://lwn.net/Articles/894626/
https://cdrdv2.intel.com/v1/dl/getContent/643805?wapkw=CXL%20memory%20device%20sw%20guide
https://www.snia.org/sites/default/files/SDC/2021/pdfs/SNIA-SDC21-Rudoff-CXL-Interconnect-Memory-Pooling.pdf

