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OCXLICHITD(MNEFR) AT DK
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O FRITIRA A —ART bDR&

Compute eXpress LinkDE&E T, “Open industry standard for high bandwidth, low-latency interconnect” & &N TL\D
REERDA > —I120 N THBPCI express(B#&PCle) D14z 7 (PCle Gen.5LABEH E44)

$¥(CGPGPU, Smart NIC, FPGA, XEU(IEFM. NERM)DKIRT/I\AADEFHE AU Y b

IREDfEER(IFver 2.0

CXL®MBoard of Directordit (202251 A5AN)

O Alibaba, AMD, ARM, CISCO, DELL, Google, HPE, Huawei, intel, Meta(facebook), MicroSoft, nvidia, SAMSUNG,
XILINX

CXLEBBMNEWS 1 /ULDEHRkE U TIE. CCIX. OpenCAPINTHE
o UMU. (Contributori>AdopterdEz=SsTE) SHPEEEUICKLELENRD SR
o BFITRLUTWBTE. KRFEETCRLBAI/INELUTSHMU TLDEE

e CCIX:
« AMD, ARM, HUAWEI, Mellanox(¥invidia), Qualcomm, XILINX/'Promoter& U TENN
® OpenCAPI:

IBM, XILINX/'Strategic Level& LTS
20214F(C(3Gen-Za> V=T LAERIRL. S RXFTLREEIT TR LSS AT LIMEBNDERTEREF (C
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0T — A DEIRIFNIBOMNEEDIEK

M2 31k E DIRTEDIRMT bL > RDEZE
OCPUMDMIBIREDREF | B (C KDVIBDA JO— ROES

GPGPU. FPGA. Smart NIC/R E(C KDFT—FUIBEDBHKHD
OXEYUDBEDIEXRONEF

DRAM(IXRFiEE FBEERFANRZ TE TS

—~

PCI expressicfihDd. T/\A X PXE ZiEHi I D
Hicid+1 > A —13R0 MhIwE
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CXLIC K> ThELWL\DD ? FUjiTsu

O f5) GPGPU/RX EDETENIZRI (CITR D
IR T(E. CPUNYMEDS XEYU(DRAM) EGPGPUD T /) \A ZAAD" AEURIT. BEWLNCT—HEENNE(*)
O FTEMROT —FRETTRL. GPGPUICEITIE ZMBDERXEMET. EmAR DX BRI HNND
CXLTIXCPU,GPGPURY, BEV\DXATEY ZinteractivelCEIZSIE - B CED
O HF B EDTENIRL TR D EEZBND
FPGAY®SmMartNICIC LD F7 —FUUEDA TO— RICDVTERER

NS CXL

N I

PCle PCle CXL
CPU GPGPU CPU GPGPU CPU GPGPU

| —A /
XEU XEU XEU XEU XEY

1) CPUNR'GPGPUDEsSZE 1>/ JL L. DatazFR 3) GPGPUN'ETE CXL?25CPU,GPGPUNELV\DXEV (LS, B
kZ) GPGPUD XA E U (C sk ini% 4) GPGPUNSCPURID AT U (CETEER % / K TEBoh. EENRECLD

O FJ/z. DDRxTHzHit 3 DDRAMIZII TR DI D> CETEAEVETEDIERIEECHEY

(*) &% : CUDA Programming https://www.sintef.no/globalassets/upload/ikt/9011/simoslo/evita/2008/seland.pdf
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HULWDAEUNDT7ZITCRAZNENI(C FUjiTsu

O BLDAEVUZAHSOT T ICEHT DI(C(dCacheZ=

“ CPU-attached M
EO T O ANARER Weteback (05 Managed)
O PCIeTIZCPUT/ {1 XD CacheZfE > fe 7R (FTE A0 —L %

O T A ZDAE U ERZ MDZERICT W & LT HWrite Through M7 L

I UNTET. B == W

O DMADO K S R—IEUeF — %175 Z EHRHETHD . BT T Loadsstore
interactive’2 X EUSEE, EHHATE/AL) Accelerator Attached Nemory

(Runtime managed cache)

O B\ [CCacheZ{E> fzinteractive’d 7Otz X = LTzL)
O MBS U TWriteback&=E 720

CPU-attached Memory
Writeback (OS Managed)

Memory :
O (., interactionMRNT ) X Tld. CXLOBRE(FZ(F (T '—L‘

CXLIE L= I DR EERD

Ul o

0 F—%—$EQIRE LU TDMAER% L. #1057z SCPUICEIDAFENTB. .. mem .
ENDIEEDHEEDT )\ A RIZ5HF DR (FRNEETND ' '

ARIF T K DigPr (L #T(EIntel Dkeynote DIEAR)

https://www.servethehome.com/wp-content/uploads/2021/08/Intel-Hot-Interconnects-2021- A‘fﬁf};ﬁh’;‘;ﬂ'ﬁﬂﬁtiﬁl’{“

CXL-1-Open-Interconnect.ipg :

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-CoherentiRinterconnect FUjITSU
\

O CXLDOWebR—=(*)TIECXLZ—ETUT DK S (CEREA /Eﬁ_“
“Compute Express Link™ (CXL™) is an industry-supported Cache- ipu—o R cacﬁzgl;i#ﬁ OK!
Coherent Interconnect for Processors, Memory Expansion and Cacbs;;;/ _LTERHO
Accelerators. “ T — = REy
= ZZTWS [Cache Coherent &(37? |
O CMNETIICPUDRMEEITT, XA AFBUICHITEDF v 1DREICD ,iE;E ERAY P BAfR7RLN. ..
WT. BWCHETEED o \_ 1 j
MESI, MOESI/} & dcache coherence 700 R JLAFIHSNTLVD
O BIRMCache TOREV\D 7O RZFKIRTBeHICE. T/ 14X &
CPU@FEﬁ_C:B\ E$§®§E1$¢&?‘_I5LZ\E / \
O CXLT(EIMESIZO hJLZRALTCINZRIR %?gg; CPUO CPUL
cachezrs | cacheor>
Modified AEUNEBESN, Yt v 1(COIHRHT —SIHEE
Exclusive LTV VI ACDIHRHT —INFEELTVDIN. XEVEEFT—H F/A 2
piEX(dean) cachex &
Shared FENDF T YSACET—INFHEL. AEUEF—FF—H LTEHD
Tnvalid CDF VS 1S D kCXL T YERE
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CXLD¥F:EN FUjiTsu

O Gen 5.0LUFDPCleZziitH
45 (YIERE) (ZPCleTDEE(CLDD. TOLAIL A VECXLREDT ORIILICT BT ETER
O PCle (dGen 5.0LB&(&. PCled/\X ETERD IO N IILOBEEZHS

O CXLIEUTF3EEDOTO NILDEHFENHETEIR
CXL.io : CXLT/\A A& « TS —REBRE(C{ER
CXL.cache : 7OELSL—FNWRAMAEY LOFT—FZF v v 1% TDRCER
CXL.mem : CPURN7OtESL—4 L AEJ/CXLAEYTFT/\A X(CRead/Write 3 BBR(C{F

O BUTFD3BEDT /A ANER

Frwva1ziFs TIARALCHF vy 21 EXEUEZRNEI D CXLICH# I DIMIT DHLERAEY
AEUZARE LR or ‘ TI\AR (BRMTHENERETEOK)
R MCHEAEUZ BERBLTY (1R
a N\ (51 : SMART NICK® - ) (f : GPGPU, 4 N\
FPGA T 9 B85 FPGATAEU%ZN
DIHE) B9 DT —RIRE)
= | BRI BCXLTO ~ ERTBCXLTO N
\ - @)EE?I%,CXLD"D NG AL = )
_ 3 - . CXL.io - - CXL.io
Type-1 - CXL.io Type-2 . OxL cache Type-3 . CXL.mem
- CXL.cache . CXL.mem
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Type 3DAEVUFTINAL RICDWLT(1/2) FUJITSU

O CXLType35 /A RIHEFEAEUREFE AT U Z 8 0l6E

O 3X) “DIMM” SloticHETEDTFRDT, CXLOTNERAEU &
NVDIMM(Non Volatile DIMM) & (FIEARIREED

O EDHRI. COERFTNVDIMMERI(CERHK L TLDIFES, CXLT
(372 <DIMM slot(CHET (FSDORERAEVZRIEIZLICTD

O NMERAEUIFCXLEARDV2.0 THE ——
o NEEAEUDRSA) K‘Eﬁ&)tcx%(ﬁﬁ%ﬁ(:{fﬁﬁm\‘@\g — Lt (wvok) i (1raditional)
USERSPACE 10CTL SYSFS | 10CTL  SYSFS EXT4, XFS [ baa .48
O )\—= RO - HHSENNVDIMME (IR E<ZE
O Linux community TIEFFELZHFRZ RS/ \@Iﬁ%EPGDH(%
o —AHERMDNVDIMM®Dregion/namespace & {lfzMemory poolt> 2 uawvonm  uawvonn
namespaceD 1>t (ki — . e MEMORY A
EFI_MEMORY_MAP
O ZOCXLIEECcommunity TRIRTROIRER — ACPI001/
= EVRR 3 &, BANBHEORREELFEE NS — — < - ion
TUEINE Y NAMESPACE s
o Ffe, MW/TTURIFOIF (EEFHA) SN SO, el L —
NVDIMM THIFE T E/=MW/77 TV (FZ DF FHI AT EE
O Storage, Filesystem DAX, Device DAX
© PMDK
O CXLI&v2.0L4BF HotplugEXthts

O EWSTEE, BREATEYDHotplugiinT /1 INNSEETSD &,
Linuxd®Memory HotplugtiEh\eMEs 2mEN G S ?
O PRIMEQUEST®M7z8 (/> 7=Memory Hotplugtégent. J>>1—<—m@EFD
R TEMEIT AN BDSIERZINE?
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Type 3BDAEUFT/)(A RICDLT(2/2) FUJITSU

OLLFICDULTIEINVDIMMICB| EHc=29TE
AJEEE IO TL\D
CXLOAEBYFINARIET—ILELUTHOEILTH]
FHB]gE
O —DDAEYUFINAREZDEFE—DDAEUSE
e U TIRELULTELN

OEBHDT)I\A AZEFRRTLIDOATEYMEGELT
BETHELWL

O —DDT)\A A= EROMEIFHICRE D & B0k
InterleaveDEXTENTEE
OB TFIEFAEVUFT/) A X Z8wayDinterleavei&iE%
L=l

® ([ (CHost bridge EMSwitch&EWO TEEENR S
N3N, BB NEIRD THIR)

CXL 2.0 Memory Pooling

Benefit of CXL 2.0 Switching

Pooling

Memory/Accelerator Pooling with Memory Pooling with
Single Logical Devices Multiple Logical Dev

| 1 | 1

CXL 2.0 Switch CXL 2! D 5wn h

1l | iéé% %

Host Bridge
ay@
switch
4 wcyOl k 4 wc:yO] k
(s e e e
0 1 2 3 4 5 3 7

| 8 \ \ ? \ I 10 \ \ n 12 \ \ 13 \ \ 14 \ \ 15 \

L= | = = | N = = | =
N 8 N 8 N 8 N 8 N 8 N 8 N 8 N 8
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CXLZ{E> =& mY°TE. FELRE FUjITSU

o

Intel($XHAH —/ @I+ CPU Sapphire RapidsTCXL 1.1(*)&H7R—
()NEF AT U hotplugid E(FFETZRMIEDAR
https://cloud.watch.impress.co.jp/img/clw/docs/1345/040/htmI|/005 0.jpg.html

o AMDE&XREACPU Genoa/BergamoTCXL 1.1&H7R— ~
https://northwood.blog.fc2.com/blog-entry-11142.html

o Arm(ENeoverse N2(Arm v9) TCXL2.0%= H7R—
https://cloud.watch.impress.co.jp/docs/news/1321510.html

o0 Samsung(dHPCEIFICCXLDOAEUF )\ & 2021/5(CFK

https://news.samsung.com/global/samsung-unveils-industry-first-memory-module-incorporating-new-cxl-interconnect-standard
&1t T Scalable Memory Development Kit(SMDK)EFE L TL\D
o RAEMFEDERICOHF N
O SMDKIC&LD. [CXLmemoryh'Al #+8. 5G-edge~N—o v NDfzDFT —F 5 —BREENCXLmemory ([CKD 7 ORI R3] £&E LTS,
O https://news.samsung.com/global/samsung-introduces-industrys-first-open-source-software-solution-for-cxl-memory-platform

0 2021/11/14~19(Z470ONERI O BHEDA RS RSC21IC TEHDEENCXLOTERZITOTL\D*
AEBVUFINARDT—ILDFTE
CXLOD#ESE(link up). XTEDread/write. XEF /o XDread/write
FPGAR—ZADAEVIRI> FO—-SDTE
IR ELH

* hitps://b373eaf2-67af-4a29-b28c-3aae9e644f30.filesusr.com/ugd/0c1418 4elbe90162be492a992e3fc485663915.pdf
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O
FUJITSU

CXLDIE =% I S Iz sbDuiE A8
~KDESHDBIZSHIC~

- PCI

- PCI express
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O PCI (Peripheral Component Interconnect)
BRI B E. [EEEREDOI> RN—F hOPIBRES: |
O DED. )\— ROABEHDIZHDFIE
O F—AERBDEESN/I\S IR
B3 SLILTHACES X DZEFDMNEMND I
O IREBRIRUSBEPCIeES (IS U )LEHRIEN. SEZSVWSEMNG o=
)1 A TESHFEZ"HE"9 3D TPCI “Bus”" &M (INS
O RIRIEN, BusDEBR(IE(FIBEEDBusEE U T, ST sEDomnibus(REEE)
® https://en.wikipedia.org/wiki/Bus (computing)
O F)I\A XEITHNMNFBIT 2DONEHEL TBUsiRZFERITD
O PCI expressCXLDARDNR—XELU T, LTI ET hMEEIESHRAN TS
Host bridget°PCI-PCI(P2P) bridgeh 57223\ —i&i&
Bus/Device/Function&ESDHE=
SRk, 1BMEZ 9 B IzsbdDconfigurationZ=fE]
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https://en.wikipedia.org/wiki/Bus_(computing)

Bridge L K181E

o)
FUJITSU

O PCIlFHost BridgeZz iR & 9 3 AEE (G (FERBADTZHDIX])

!

CPUA

Host Bridge (ChipsetdICH/South Bridge(C{&#i &N TL\/z Bricge
Host Bridge®E FMBusl3BuUsEE = 0 &7 [ Bus©
PCIto PCI(P2P) T w %A B EBUSEENENS | Pri=0 Pri0

O P2P TUwS(d. BOBUSES (Primary). THDBUSDES D#H DeviceO| | Device ! P2P P2P

%#"Secondary®ES~SubordinateBZS" MRl & LTEZ TH< Func 0 | |Func 0 Bridge Bridge

0 FOCANBRENEBSOBEN LA - TAENEN-BISHACESEE | Func T ey A
PCID& RO NIEYF )\ XU DeviceBE 2= EN AT = P et
5:/ \’(X(:%E?&@%‘%ﬁg(?) |/9:7R_ I\O)Ether NIC/R &)73\3551%3(1\ %ﬂ% Func 0 Bridge Device 0
NICFunctionB/ESZEIDHT Sec=2 Func 0

O AN 1 DDA FFunctionES 0 TEIE Bus 2 Sub=2
Bus&S - Device®&S « Function®&ZF=M 3 DT> bO—)LUELTIA X
%?EE?% Device 0

O 3DFEEHTRequester IDERHENBZTEEHD Func 0

O KBIH—)(UTIIELHost BridgeZziF D EETE. BusESD EI(CSegmentE Func 1

SZEEDHTD

BESPAEUTY T SHRFREDUY —ZD « CXLOEHRE TH"PPB"(=p2p Bridge) &L\ D fcEtih C&ES
FOHT « Device ¥ Function. Requester IDE LD ESE(FICXLODL

O T RSF AEREFEfirmware EE
O Hotadd#F(ZOSH'ESE

FRE CTHIFICHID IR EEE,
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(2%&) LinuxTOPCIDABIEDHER S iE FUjITSU

Olspci -vt N> RTPCIOAREEZWHR CTED

QEMU/Kvm®MVM guestidHost bridge1 D Tp2p bridge M EUL\D T, &I
ANSRE- AW
OLIF'C(EI Eb‘b\ Segment%v%\ busi&ES. device®ES. functionBFSDIE(CH S

11‘r on II]
ito

® host bridge 1 DTP2P bridgeM /2L \DT. Segment S EBus&ES (30 DA C[0000:00]

® Device?®§5(40,1,3,4,5,6,7,8W &I DHTENTED. ERDOHKAEZFFFDOEDIIFUnction®ES
MEDOHTENTLD
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PCI®MConfigurationZ=fE FUJITSU

o

PCIF )\ R ZR5/1RVE T DIz D L= X5 ZE] 31 16 15 0
COEMADT IR BB (37 —FF O F v iz e N
O POLRABEDENVEZRICURSTEDLD. LinuxTEBIZ(EUTDISRAPIEFES Class Code p—
e pci_read_config_word() : #E LT/ A + LS RID16bItDHEHAH | | 10h
e pci_write_config_dword() : IBEULEFT/{A R « LRI DI2bitDEEIAH
(Express(Ci2Ba1MD) PCITI(3256bytedd- X
CDD5, 0x0~0x3fEPCID MARE U TEWL AN ESDH SN TULND
O p2p bridge. Card bus, BEDT/\ARXE, TA-T v MERKICWLW DHIVEFENS S
0x40~0xffDik N 192byteld. T/ AEBDEEEDIZHIC) \— RO T TR A —HFIFETE
%)
O F)\A XD, RRBDES. BEANGHEREZITZ D
151
O VendorID: F/\AAZER UG —DEST. ST ECFH (Fujitsuld4303 (0x10CF)
o RIAH—D—EMBH : https://pcisig.com/membership/member-companies
e Intell30x8086& RTINS I
O Device ID: ZDRAS —DHDT)\A A%#HIT BIzHDES
O Class Code: 7/\f R(DIELH, HEcERIES configuration ZEfE DERYIDIHESED

o PCI (:}gﬁﬁg_%;‘/ K/I/XO) K= \%% <ANZED _C(E‘:LZ\ZE@%DE%JZ (H88) https://linuxif.osdn.ip/JFdocs/The-Linux-Kernel-7.html
O PCIe™oCXLTECOEARBE IS5 SHIAN TS

(©)

Base Address Registers

24h
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https://pcisig.com/membership/member-companies
https://linuxjf.osdn.jp/JFdocs/The-Linux-Kernel-7.html

PCI express FUJITSU

O IRTE(FPCI expressh'InterconnectdER(C
O ERFMEAR(EGen 6.0H'2022/1(C~F
O (CXLIZGen 5.0 CESH SNIztHRZFIA)

O |[HPCI&EDEL
O BUsES#EFEN/ S LILNS S UT)LIC
O F—=ADEUAM. TCP/IPOLSIR) v MNIRD, 3/E
DLAV—HEER=NT

o RSB OT 3 E : 5)\A AWCPURIDT —FiBIE
OF=AUUE: IS—FTvIPUKSA
O YEE . EBRMVER. MEME. U ODMIIIRE

© configurationZEEimH -1 XH'4096byteltE X 1=

(RR—2)

© Root ComplextoSwitch(C &> TR O R—FR> Mgk
FBKSICRRDTZ(RR—2)

20
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PCI expressdconfigurationZEfg FUJITSU

O 4096byte(CH -1 XHHEK

O $%k4 7&Extended Capability N ERT=
BEKDICHED E(EJ:?
Extended CapabilitydH(Z (&

DVSEC(Designated Vendor-Specific Extended
Cagaglllty)\ FIRNDBER A —EBDILERN EE
t\\

O JZ1ZU. Linux®upstream(CEFNTLD RS-1/(T
ZMDDVSEC capabilityZzf#> TLDEDIFAMRUY
[([op)ust:::h ]
https://wiki.gemu.org/images/f/f6/PClvsPCle.pdf

CXLT (FPCledconfigurationZEfDDVSECZ #
AL TWB ()

O Root Complex¥>Switch(c&k>T&IO>
=22 bz (AT)

Root complex¥>Switchd®WIEB(C (&(Virtual)PCI
Bridgeh'NE@2ans
(KD H):

https://pcisig.com/sites/default/files/files/PCI _Express Basics Ba
ckground.pdf#page=26

o AETEBICRD TNBA, SIFCPUNS -1 DAIEBICRoot
complexZHF DB N L\ EBIONSD

21

PCI Express Extended
Configuration Space

PCI Configuration
Space

|
L
[
L

FFFh

PCl Express Extended Capability
15:0 Capability ID
g%;éﬂ;?; 19:16 Capability Version Number

. 31:20 Next Capability Offset (Oh based) —

Capability
Data

LLL] Length implied by CAP ID/Version Number
EFh ngth implied by L

\ PCI Express Extended Capabilities start

at base of extended configuration region

0

Root Complex
Bus O‘Internal)
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https://wiki.qemu.org/images/f/f6/PCIvsPCIe.pdf
https://pcisig.com/sites/default/files/files/PCI_Express_Basics_Background.pdf#page=26

ACPIL(E

o)
FUJITSU

O ACPI (=Advanced Configuration and Power Interface)

&6 E(FPCOEIRFIHDIZsb DA
O ACPIDEZRIE T 7 — A T 7712 CEIRFIEZ U TULV/Z(APM)
o OSHEEMIEZITO TVDEE(C, BFICEBRIMEFZEINDIZENHDD. MSIILDE EIC
o OS&T7— AR HU CTEREEIFEITD 2 (CACPIZRE
REFERZIITRLSTSY T A —L2HD)\— RIER A>T DIRESEZ KRR
O J7—=LEOSEIDA I IT—RAEUTEERMIBEDITIC
o )\— RIBR DT
« CPUEXEY DB 7R MHE
« J\—=ROFEALTVD Y —XDIEIHRDEUS
o T )\+A AMDHotplug EACPI#EH TEITRIHE
X861 FEFETTHY. BI(CARMTHBFIAOK
O ERR. EECTHBACPIZFIA
o [R—=/)\—=OE1—F [EE] DZRAFTALAVI NITT(CDLT]

- http://www.ipsj.or.jp/sig/os/index.php?plugin=attach&refer=ComSys2019&openfile=fugaku system software.pdf

NVDIMM@EIFDACPIDI MR EIFIT
CXLDTzD D AFN = (CACPLICEMENTETULND

22
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http://www.ipsj.or.jp/sig/os/index.php?plugin=attach&refer=ComSys2019&openfile=fugaku_system_software.pdf

ACPIDERDNA > b FUJITSU

o BEREEE VDSBS TIICPUR EDIREE(sleep’h &) ETEE

= ZHES(CDL) TR0 — ; ; “SRAT”
SEIFTE5ICDNTI3HED AR = FAw S { SRAT
O SAFLMBRRICDWTOMHRRIEXRELDITDE2EEHALR) P
S—J)LBI(AL) PXM=0
O HEENED [OSICHIMENSES EER] THRALYT LR CPU 2 DIBER
o i) CPU&EXTED DHERIFOSDAT JESIBHIEDIEHLCLE PXM=1
O F=TIAVAHEEIE(C, BINEROT—TILEEHREE XEULIDIER
o FRIFSRAT(i&it) SIFEN 25— T IO P=o
XEU20IE
WU —B(ET) ot

O SRFTLDEEBEZRATED

e X (&, Docking StationdD&D7x. EED/\— RDIRZEFL | Device(NDO) {// this is a node 0 Modul - Device :#8%=31D
= EHotplugF B LV TEMIRETIRTES Name(_HID, "ACPI0O00A") Docing St Noea R 2 B
o ~ ~ he " "
WU —DRIBDT) (A AN BEIES T, BEHIC {q/a?::(‘"&st ResourceTemontol) |
ZDH . — RDF) A ZEAZ & Eject T DT A ZRMMERLTND
O I\~ FOREORS. BEBERASLENSRED-KTR | ) VY AR A B
k- KIRTD Device(PCIO0) { ; =
o IXJCILLTIAFURRICUBDR T 7 —AD T PICHEH Name(_HID, EISAID("PNPOA03")) PCI Host bridge’rd" ID
. _ e N e Name(_ADR, 0x00000000)
© OSD\$|J$3-ZD(L(;‘ ASEI_OD B>/ \D}E}J'ﬂf?ﬁ gL, DN Name(_SEG, 0) // The buses below the host bridge belong to PCl segment 0
A FULBBIRTE BRI 2> TV BLEN BB -
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(CXLTIZALV) IHRDNVDIMM®DI=$hMDACPI %

o)
FUJITSU

O NFIT
NVDIMMDiER Z R L. OSHER#M I DIzsdbDFT—TILED
EE
O NVDIMM Root Device
S AT LEARDNVDIMMICDWT, & - [BIREEREZITD
O &#BlIDID(E”ACPI0012"
O WU —(DSDT/SSDT)DH T, S RFLR—R(_SB)ETF
(CEETD
O SRFALICDE1DDHEE
O NVDIMM Device
{EBIDNVDIMMIC X I 218E - BiREVSH

FBIADID(FIRL . WL —1EEDHRTNVDIMM Root Device
DETICERENDIVENDD
O System Board(SB)A'1 DT. Z©MDET(CNVDIMMZE
9D ENFHRDMARR(DED . KEDH —) (HhMEEL
SBZEFFDIZEEIETE L TLVRLY)

24

O _DSM (Device Specific Method)

7\ A RBEHAEDIRIFEIRFT B AV Y K
O OSDRSAIWTDAY Y FERITS BT & THIF
WU —BEDRTES
O NVDIMM Root Devicefic T _DSM®Di%EE

® Address Range Scrub 18E Ufz&EE DX E U ZEfsHTT
S—ETIEDZEIT

® InterleaveUTWLWBRIBEE. AT LDYPIE RLA M5,
NVDIMMO4FTE & ZDDIMMA Y KL AN\ DZEHR

EE(IEE UTENVDIMMODEFTEDT=8D(C. AHEE
FALEO— REndctlOY> RICRE

® etc..

O NVDIMM Devicefic FD_DSM
® S.M.A.R.TIBEFRDEUS
® Error Injection
® etc..

CXLT E DR o TeNF
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NVDIMM®DASL®DE=EHI

o)
FUJITSU

Scope (¥_SB){
Device (NVDR)// NVDIMM root device

{
Name (_HID, “ACPI0012”) //NVDIMM root device CdprD _ E%& 7RI ID

Method (_STA) {...}

Method (_FIT) {...}

Method (_DSM, ...){ //NVDIMM root devicedD _DSM XAV v R
/I (RSA)\ACnNZHTI T 2 & BRhOBEEENENE)

}
Device (NVD) // NVDIMM device

{
Name(_ADR, h) Method (_DSM, ...){// NVDIMM devicedD DSMXYwv K ([E_L)

25
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TDIEH DEEYT S ACPIDTER FUjiTsu

O SRAT O SLIT
CPU/Memory/d EDIBAHENBZMNDedDT—T CPUNS A EUAD T I RERERIT— T
v ‘ O proximityZindex& 9175 71RO TULVD
ED o e
EFR
® proximity(PXM)DIENE U5 E—NUMA nodelc —— =
e (i o ZANUTH L THIDONode (PXM) FHE< 5L\
_ . o (LA 7T >>—) B hveRr 0 |1
© IRTEF LEEDEFN GPUREDIO devicelcDWLWTH o EOBITH. BRBENUMA NodeAdL A5 S ETEED
RS S—FRL . — RICHLT2. 1S3 T 110
TSRAT” | O MERATVSHZLEINSFE
PXMOETCPULE |
CPU(*)l@’|§§E )(:EU 1 \ CPUZ&: HMAT A — —_ N
PXM=0 SXEY 2 RZNEN SLITKDEBIEER 7O AREZ RS T—JIL
CPU 2 IB#R EDNU_,MA NELEIE O XEUDLAFT22— e e
PXM=1 BIBIENOND (picof) & Hig(MB/s) = IR, | S <10
SEULOIE o Intel DCPMM®MMemory e
PXM=0 ModeDd&kSIC. DRAMP o =
LXEY20EER PMEM®DF+ w1 (C e e 7‘ Ry
PXM=1 2D TWVWBDT —XR(CERG
| Bandwidth > Level -1

andlor
| Latency <Levelnt g > Lowt 0

Laten y <Lowi 0
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(&%) ACPIOARBDI#ERSE FUjiTsu

O B DLINUXN S > TEDKDICACPINESR « EEINTCLBIMNE, EEFTENTE
W TEd
IR ENRDEMTEDDEIC VD, LB SHEBRRHRTE/ZQEMU/KVMIRE
dVirtual Machinet> o> RODT A NS UTHDIDNE T IT&H
1. acpica-tools/\wo—=%1 > X =)L

FrREUTOYA b BY—-XEZSFT>O0—RUTEILR
https://acpica.org/downloads

2. WERST—YESHADT 1 LU U Z/ERK)
# mkdir acpi_data; cd acpi_data

3. (roott&PR T)acpid—F%/\AFUTEUS(AN> ReETUichL > ha LI KUIC
ACPID/\AFF—5ZH1h
# acpidump -b

4. <T7A)l&.dat>DT7 1)L %=I8FE L Ciasl —d’\i%ﬁ@'% E BEULREI7Z7AILBXIGT
257—T)b. YI—D)\AFU%EFT4 A T7>TILUIET 71 IL<EIU&H].ASI>SINTE D
# iasl -d <&B9 37 —J)LD4&aE].dat>
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https://acpica.org/downloads

CIET L yalll FUJITSU

o —J)LEY(NFIT)DH: 13451 o WIJ—EY(DSDT)DH F4
(5CBEDH) (—BBEIDH L)

Mutex (OEML, O0xOF)
Intel ACPI Component Architecture Device (PCI0)

AML/ASL+ Disassembler version 20180509 (64-bit wversion)

Copyright (c) 2000 - 2018 Intel Corporation Narme CE| (" ")k PCL Bus #/) // HID: Hardware 1D

Disassenbly of nfit.dat, Thu Jan 27 11:57:00 2022 Marme , B ("PNPOADB™] /% PCI Express Bus x/) // _CID: Compatible 1D
Name (_BBN, // _BBN: BIOS Bus Mumber

ACPI Data Table [NFIT] Name ([ ADR, 0x00) // ADR: Address

‘ ‘ ‘ OperationRegion (REGS, PCI_Config, 0xb0, 0x30)
Format: [HexOffset DecimalOffset Bytelength] FieldMame : Fieldvalue Field (REGS, DWordAcc. Molock, Preserve)

{

0000 Signature : “NFIT"  [NVDIMM Firmware [nterface Table] Offset (0x08),
0004 Table Length : 00000830 PAMD, B,
0008 Revigion : 01 PAMI, 8
0009 Checksum : F1 PAMZ, g
0010 Oem ID @ "FUJ 7 PAM3, B
0016 Oem Table 1D : "D3753-C1” PaMA. 8
0024 Cem Rngswom : QDUDUQUZ PAME)! g
0028 #s| Compiler 10 : "INTL :

0032 As| Compiler Revision : 20091013 PAME, 8

ORBO, 8

0038 Reserved : 00000000 ORBT, 3,

DRBZ, 8,

0040 Subtable Type : 0004 [NVDIMM Control Region] ORB3, 3

0042 Length @ 0020 DRe4. g

3

3

3

3]

?

0

1,

?,

0

1

0044 Resion Index : 001 DRES,
0046 Vendor 1d : 8930 ORES,
0048 Device Id : 0858 DORE7,
0050 Revision Id : 0000 s
0062 Subsystem Vendor Id : 8380 HEN, ,
0054 Subsystem Device 1 0974 Offeet (0x23),
0056 Subsystem Revision - 0020 TEN

0053 Yalid Fields : 01 T*SZ’

0059 Manufactur ing Location @ AZ Offast ( XQA)

CR3T,
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FUJITSU

CXLODt#x

- L1V —iEs

- CXLDSwitchD#gE

- configurationZEfE &7/ (1 A D&
- Ay -
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CXLDOL 1V —i8&E FUjiTsu

Flex Bus Layers -- CXL.io Transaction Layer Highlighted

O CXLEPCIelCEUVW3EEICIRDTULD R e—
AR EHB D, YIEE(IPCle s HiE pm——
O CXL®DBus(dFlex Bus& Tk | 7 || S
=AU TEE NS YOS 3 ETIECXL.io —
MO k)L ECKL.cache, CXL.mem®dDE T O e
NILHRRS. -
O CXL.iolE(FFPCledD A w t— SRR EE> =0 ~ R A |
J)LEERDTND S )
® typel,type2, type3dDETDT /A A THIGH A N : ;
OCXL.cache&CXL.mem®DU > LA Y¥7—h5 (33 ;
B 0Nl
* )Ty hORZRIR EEMRDPCle & (FRIRD
Flex BusdO/h— MMIBMEE— RZCXL - PCleES

SMNIUIDBEZ N EIEE
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Bias Based Coherency Model FUJITSU

O CXL Devicefllim5E&dDeviceN(DHostiICREF D) A Type 2 Device - Host Bias

EUNDTITR(CIE. ALTD 2 FEFEDIREEN D D XL bevice —
oherency
Host Bias state (f5.L) DCOH L ——C(——> Bridge
O CPUlI[CHEHR=NIZEAEY ERAIUL . F+vw = dDcoherency Home Agent

ZIRDIZHDYT TR M DevicefllS BT wENHD
o EOBOREIDELS(C. —BCPUBIICUITR MW THEND RPN ) r———

5 Memory

Device Bias state ()

O CPURINF+ v 251> ZF > TULVRNS EHQMFEE S,
Devicefll(IRETRVUITIR MEXST(CT7ITATED

® Device Bias modelctIDEX 3 (J&KED) & HEERFTINAXR
PEBEUTTOLERTES (FRKED)

Type 2 Device - Device Bias

CXL Device Host
. ~ #ep - ias Fli Coherenc
O DeviceflldDF+ v = 1 DEIR(IDCOH(Device's Sl =
Coherency engine)H'{8 e
DevicefllDF v+ v = 1 DIAREEE - B @R AT 7O
ZESR%'?—J_- 5 LIZ‘ED“@ZD Host M:.lnaged Device Host-attached Memory
emory
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CXLDSwitch FUjITSU

OCXLDSwitchT (FupstreamfllldDportht e e v
1 DT TR, BEFE DO &N a]HEE
S ZDIEAGN TEDRDICIRD Lo ]
OCXL V2. 0DHAETED SN EDT &

oA R (FupstreamfBlldDport(virtual P2P
bridge) ' —D Do —X
oA TFDI — X (FupstreamfBlDR— SHVIEETE S
LJ 7—:7 - X Example of a Multiple VCS Switch with SLD Ports
® NEBRY(C (Fvirtual CXL Switch(VCS)HMESND

| VPPB | | VPPB | | VPPB | I vPPB |

CXL/PCle CXL/PCle CXL/PCle CXL/PCle
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Fabric Manager

o)
FUJITSU

o DownstreamflllMport(C DL T, EC(Cbindd 3 ] [ |
hMe B% TE BT AE Tl | e
Fabric Manager(Ck> CERESND
O Fabric Managerdi&sk(doptional

OTZIZL. BEIIMERE U/R— 9 B IBA(C(EFabric
Managerh'wE 78D |

oA E(dbindrl. BT (EbindRDIREEL712D

Fabric Managerz ED KX DIGHLTEIRT DMMCDUNTITE ..o oo suies st snsiison comptoes
HTHD. $FTHFTIRZWEDEULTLD ret] [
OIRZ M ETEMET BY T N T THOK L "

O BMCTEWES ZHHAHY T N THOK s v e
o H—)\EIEY T MNRETEIRT B V—I—\
O fDCXLDDeviceX>SwitchPIDIBHHAH T 7 — AT 7T I RN N
BOK B o P
o %X(I)_KSwitchE%(C KB "State Machine” & UTEEENT —— e o
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Multi Logical Device FUJITSU

O Multi Logical Device(MLD)Tld. 257/ 1 X
ZdDvirtual P2P Bridge(vPPB)(CbindL. &5

):|L7Ij_ (Q:BIJ G)VPPB(L—_ bl nd 3_5 &- L \ j F%%}EH Td: : Example of a CXL Switch After Binding of LD-IDs 0 and 1 Within Pooled Device
b\‘ T g 3 Root Port Root Port MZ?Z’;‘;
| PHYFPORTO | Puv PORT4 1
AKT(ELDO&ELD1ZZNENAIDVPPB(Chbind L g L
T3 i| Endpoint

O SRFLAAZEADUY MBI NEDSHOMNSIRUAN
CPUM S Root PorthSiEit LU CEREZE I LTz &

DMDORERMN ?

O AT LNDRI—S v IODY—)\h5DiEkRS. 1h : " Vitualto
DIRAFTLINTERATUEREBZZENERDB LS ] - - v e Bining.
(:7‘15@(‘ AU b4 l\(iqub 6 SI|3_([3)Ie or Type 3 Pooled SIl_(?le or

CXL Device LD FFFF CXL Device
LDO
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o)
FUJITSU

O CXL2.0Cl(IhotpluglZ Xt
HotAdd & [FlEZFE X /=] Hot removeldOK
O Hot RemovelF 3/ \— RDS vFZIEET Dh. VT hTEtlCejectiRFZITOWE
o SYFMREEIND & OSITEHIMNED RS1/NC LBejectiBENTHND
Surprising Hot Removeldgraceful(C/\> RU> T3 B5EFRNELTHED. fatalifER(ICIRDZEEHD
O =, EOVWSEFHNEEZEVWDEY MIHDLST. VI MilENEFT Yo UT (IS—EEH) AU SDIEZES xS
C &I AIREIRRER
O ARDMERE UTIFPCIeNR—X(T1RD TLBIERERT. HFEDFFEL (EFENNTLVRL
“9.9 Hotplug”gidzt itk

O “CXL leverages PCI Express Hot-plug model and Hot-plug elements as defined in PCI Express Specification and the applicable
form factor specifications.”

o 212U TINARARICS AT AICHEI B3 XAEY (Host managed Device Memory:HDMYQW B DI5E. €
DAREERTEZ T DINEN DD
O Root complext>UpstreamfallDSwitch(C (HDM Decoder Capability Structureze 383
0 VI MOSD RS OMNTn=FIE
FUWFIBECDOWTEFEEEFELFEH
O BEAM(C(FEFERRD T7 —LADT FZIENAET. OSO RS/ EITI XTI DIHNENGDD(ET,
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CXLdDconfigurationZ=f FUJITSU

O CXLDOA> T« L —= 3> ZE/M(FPCI expressdiskCapability Td»dDVSEC(Designated
Vendor-Specific Extended Capability)Z{#ER L THD. €DDVSEC Vendor IDTHRER

Figure 126. PCIe DVSEC for CXL Device

PCIT(g/\‘/g tg_‘/( DVSEC@B r PCI E Ext ‘; :C ability Heade
A R(ET ZDID TR 0x0023 e s

Designated Vendor-specific Hﬁade rl

o
oon

oan

CXL Capability Designat Vendorspecmc o8

L, L Frh

ocn

[ Device id Vendor 1d ooh ] CXL Status \Qt\ -
1an

l o CXL Status 2 C 12
Yo [ Command oA PCI Express Ex\mﬁd Capability XL C ab‘.jli 2 'l X
apability
Class Code ‘ ozh PCI Express Extended Moo 15:0 Capabiity IOV Range 1 Size High
) 0 g press [o-
[ [ \ Ich Configuration Space /| RAEXress ['1g:16 Capabity Verson Number Range 1 Size Low
31:20 Next Capabiity Offset (0h based) —

18h

1ch

'.” Range 1 Base Hig 200

4 Capability = 2an

Data Range 1 Base Lov!
Base Address Registers / _—
EFh o Length implied by CAP ID/Version Number 31 20)19 1615 o
S DVSEC Length | | DVSEC Vendor ID |
o b b
2 PCI Configuration PCI Express Extended Capabilities start T

A
Space at base of extended configuration region
Figure 7-200 Desigry ecific Header 1
0

CXL7350x1E98

« PCIICXF LTTPCI expressidiiskconfigurationZE

. - DVSECODi&. Designated
BZA Tty BOXI00BABE(CHF DS ENHRD

Vendor specific header 1D 11
[oe [0 s (EDOH(E ETFHIRZESER) 158w MH'DVSEC vender 1D
+ Capability IDICKDT. BLRRY 1 TDILE . Z®MDVSEC vendor IDH'0x1E98
PCI®Dconfiguration ZEf CapabilityDfeh48E TS, DVSECIEFED—D 12 &CXLMDconfigurationZefs & 72
(IHPCI& PCledt@ Er) + DVSEC®Capability ID(&0x0023 3
37
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Type 3 Memory Device®configurationZ=E[g FUJITSU

O CXLdDMemory Deviceld4FRI(CPCIDI S X O— RAZEIDH TSN

Class CodelC MAD

AN U 5o 5 o« EDKDIC, (PCleTI372<)PCI(base)DconfigZEfEid &

I i TETHRITES
TN ot « PCledExtended CapabilitydH (Z(EFAXAEUF)\A XD

[ 1oh D7 ILESNAD
(BE5L. NEEATVDT/I\AZGERIET. /Ry KT
e s Regits SORET, T)I\AZARNANEBED D UieC &z T

DI=&)
" - Typel, Type2mlF DU SR A— REHDZIFDINKEE

SICBSH. ver2. 0D TIEEE SN TULVRLVIEER,

| Line ‘ Fin ch

PCIOFT/)\A ARSA)\—(FCHDOSRXO—-RERDITB &
CXL memory device Zprobedd3EDEFENOND
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upstream® RS /\

o)
FUJITSU

drivers/cxl/pci.h
~
* See section 8.1 Configuration Space Registers in the CXL 2.0
* Specification
*
#define PCI_DVSEC_HEADER1_LENGTH_MASK GENMASK(31, 20)
#define PCI_DVSEC_VENDOR_ID_CXL 0x1E98
#define PCI_DVSEC_ID_CXL 0x0

drivers/cxI/pci.c
)\ RDprobe (FB5#) D& B THEONTULAEF.

static int cx|_pci_probe(struct pci_dev *pdev, const struct pci_device_id *id)

{
rc = cxl_setup_regs(pdev, CXL_REGLOC_RBI_MEMDEV, &map);

static int cxI_find_regblock(struct pci_dev *pdev, enum cxI_regloc_type type,
struct cxl_register_map *map)
{

u32 regloc_size, regblocks;
int regloc, i;

regloc = pci_find_dvsec_capability(pdev, PCI_DVSEC_VENDOR_ID_CXL,
PCI_DVSEC_ID_CXL_REGLOC_DVSEC_ID);
if (regloc)
return -ENXIO;

O CDIAD(FE> EEERNMEPTTHDIZE. Linux TE I CICRINDTE

EN RS/ ERA/EEEH

drivers/cxl/pci.h

#define CXL_MEMORY PROGIF 0x10

include/linux/pci_ids.h

#define PCI_BASE_CLASS_MEMORY 0x05
#define PCI_CLASS_MEMORY_RAM 0x0500
#define PCI_CLASS_MEMORY_FLASH 0x0501
#define PCI_CLASS MEMORY_CXL 0x0502
0x0580

#define PCI_CLASS_MEMORY_OTHER

drivers/cxl/pci.c

static const struct pci_device_id cxI_mem_pci_tbl[] =<
/* PCI class code for CXL.mem Type-3 Devices */
{ PCI_DEVICE_CLASS((PCI_CLASS MEMORY CXL << 8| CXL_MEMORY_PROGIF), ~0)},

static struct pci_driver cxI_pci_driver = {

.name = KBUILD_MODNAME,
.id_table = cxl_mem_pci_thl,
.probe = cxl|_pci_probe,
.driver = {
.probe_type = PROBE_PREFER_ASYNCHRONOUS,

¥

39
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CXL®DCapability& 1> bO—Jb FUJITSU

® DVSECODCapablhtyd) Hig S, EDprotocolMFIFATE T, ERICFIRT D
MR EDBEROEUS. FXEN BIHE

Figure 126. PCIe DVSEC for CXL Device

3 16 15 o
PCI Express Extended Capability Header oon
Designated Vendor-specific Header 1 oih
CXL Capability Designated Vendor-specific | .
Header 2
- ] o
DVSEC CXL Capability (Offset 0Ah) ,/ CXL Status CXL Control \_ .
CXL Status 2 CXL Control 2\
CXL Capability 2 CXL Lock \ DVSEC CXL Control (Offset 0Ch)
Bit Attributes Description Range 1 Size High \
Cache_Capable: If set, indicates CXL.cache protocol support when operating in Flex
0 RO BUs.CXL mode. This must be 0 for all functions of an MLD. /1 Range 1 Size Low Bit | Attributes Description
Range 1 Base High 20n
1 RO :a?xs%?fﬂidg Sﬁbs{"d“,_cates CXL.Io protocol support when operating in Flex 4 Cache_Enable: When set, enables CXL.cache protocol operation when in Flex
Range 1 Base Low 0 RWL Bus.CXL mode. Locked by CONFIG_LOCK.
Mem_Capable: If set, indicates CXL.mem protocol support when operating in Flex 5 5 Default value of this bit is 0.
2 RO Bus.CXL mode. This must be 1 for all functions of an MLD. Range 2 Size High =
: 10_Enable: When set, enables CXL.io protocol operation when in Flex Bus.CXL
Mem_HwInit_Mode: If set, indicates this CXL.mem capable device initializes Range 2 Size Low @ N R0 od P P
memory with assistance from hardware and firmware located on the device. If clear,
3 RO indicates memory is initialized by host software such as device driver. Range 2 Base High son This bit always retums 1.
Range 2 Base Low 3k Mem_Enable: When set, enables CXL.mem protocol operation when in Flex Bus.CXL
2 RWL mode. Locked by CONFIG_LOCK.
Default value of this bit is 0.
Cache_SF_Coverage: Performance hint to the device. Locked by CONFIG_LOCK.
0x00: Indicates no Snoop Filter coverage on the Host
— —_— \\ » “w
« BIRE ZDF/)INAXN U\—=k&

L) cache, io, memd>S5, & « (HEOFTINAAD RSN
dDprotocol BMFIFBIRE/RDM ? (FZ cache, io, mem®d>5, ERRICE
CESIBITBETHRITE S, dDprotocol&EFES DO ZEETET D
o (272U, 0lEEENRADZSD.
B (ConDIEER)
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CXL.iodZ'0O0 )L FUjiTsu

o hS>HOT 3> L1177 —TIEPCleddVendor Defined MessageZiLiR U1/ oW BCRED
TuL\sd

5. CXL Power Management Messages Packet Format

« )y hdDFEEEIFPCIe TDVendor Defined Message® " " ” s
}\Ob-‘y h*ﬁl‘é (E@Lﬂﬁﬁb\*ﬁﬁ) ﬁﬂﬁl 5 ﬂ%ﬂﬂg{:lﬁlsld Ta 3\ )0 : 65l 432 1|o‘ 7l 5] 5|:|3| 2 1|0‘
«  Requester ID(dbusES. device®ES. function G N I M jj e |
BESRIEET D = reuer o | - g o |
«  Bytel12Bp&(IVendorhMH (T3ROS N D peser Reserved | Vendor T:lmh
L — Chn
* CXL_C(iiéﬂd)Vendor ID7Z0x1 E98%}EL—'—E L/ (’b—\y l\ PM Logical Opoode ﬂ PM Agent 1D H parsmeted7:0] | parametes 15:8]
% iﬁf aow of Payload[?:0] Payload[15:8] ‘ Payload]23:0] Payload[31:24]
«  AR(Ipower management®/ v KT, D E T st P T
HECode(COX68ZIETE S T T B
s ENEKDTDOATETY FTCXLOBL RS, 1§

17>

> DL A —TIFCXL.iodD/ Ty MMFEPCle&
B CHZIC
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CXL.cache® S>3 3> L1v—ORalL FUjITSU

ORIIRDEHB D, hS>2Y o3> fEnTONILIFCXLER
CXL.cacheT(IXRZE< 6 DDchannelz A=
OHost & DevicefElDmIET 2 /5 —>
Orequest, response, datad 3 /{5 —> I R
=2x3=6/\5F—> hen | | ne | | oats | | e | | rem | | boem
ochannelZ &(CTA—X Y MIRESTN TS by Pov oy
e A F(FDeviceh S HostA\Drequestd T A —< W
« FHR(CDVLWTIIARE

2H Request width Description
valid 1 The request is valid.
Opcode 5 The opcode specifies the operation of the request. Details in Table 18
Address [51:6] 46 Carries the physical address of coherent requests.

Command Queue ID: The CQID field contains the ID of the tracker entry
h the request. Wi the response and data is

7F) CXL.cache&S KT o o
CXL.mem®dDT—45 > AECTIIFHAZEET D ; S g dependeon he g ey
DED)\Ty MEXE RRDH SN =ZEH w : ﬁ e e o
PCleDZN &SRS NCHTELLY |

Total 79
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CXL.mem®dD S>3 3>@Eaoaobdll sy

o CPUMDcoherent engineZzMaster, XEUZEIEFDT /(A X

4 MemOpcode a Memory Operation — This specifies which, if any, operation needs to be
Sa1DFRENTEDEDELTIRD
which, if any, Meta Data Field needs to be updated. Details of Meta Data

. i M2S Request Fields
%ZSubordinate & XKIR —

—_— e [SPaN N Walid 1 The valid signal indicates that this is a valid request

)\ XN\ Type 2(Accelerator) DiF&E (& DCOHMFEL. Fr v — :
performed on the data and associated information. Details in Table 30
Meta Data Field - Up to 3 Meta Data Fields can be addressed. This specifies

\ \ ~ MetaField 2 Eiid ir‘\j..TaI?ileldS:l "IIIf tpltla bSubun:Iir‘;ahtzhdugzno?it [supp%;t m;hmol*:lwiih Meta
F —_— E a, this field will still be use: e or interpreting Hosf
O LX 0) 4 jd)x \J t j:%j commands as described in Table 5: P ?

Meta Data Value - When MetaField is not No-Op, this spedifies the value the

— . ; v d
M2S (MasterimSSubordinate) Melie |2 e s bos i e il b saed b 1 S
coherence engine for interpreting Host commands as described in Table 32
@) RequeSt WIthOUtdata (ReCI) (E(i:@jj—?w |\) Snoop Type - This specifies what snoop type, if any, needs to be issued by
~ SnpType 3 :_hEIDOSgH and the minimum coherency state required by the Host. Details in
® CPUNBT—HDHAHH UPF v v adinvalidateid E2ERIDEE(CEDS — _ : .
Address[51:5] a7 L‘;ﬁgﬂgazzecﬂl\z?r[?]eig g?f)\::rnsr:c:il fi?dfﬁr: f;cglziesdumtgrc.?iﬁml chunk
O Request with Data (RwD) ' firets
~— . »— — The Tag field i d to ify th try in the Master which i
o CPUNST—HDNEZTIAHEBRT DEERETHED b!:f;:g:fz é?;”ieru:taoi"ﬁ?f‘ﬁﬁo &ff‘i’:ﬁ E.}jéé&mf. Tﬁfsfa?ﬁe' neéiﬁ'g
Tag 16 r with the response from the Subordinate so the response can be
H ted iately. The pti the MemRdFwd and MemwWrFwd
S2M(Subordinate/*5SMaster) opeodes as descibed in Table 30

Traffic Class - This can be used by the Master to specify the Quality of

o) Response WIthOUt data ( N DR. N 0 Data Response) TC 2 Service associated with the request. This is reserved for future usage.
_ " . _ _ . LD-1D[3:0] a Logical Device Identifier - This identifies a logical device within a multiple-
® Requestic U TIEEZIRT EE(CTED. (writeDFEFRENY) 'W'“;:d“'*'
RSVD 6 Resel

O Response with data (DRS:Data Response) Total 87
® ReadD&LS7RRequestiCUTT BRI ESITFEDS
MemOpcode® & A3 TH+ v S adDInvalidatetoRead’d EEITUTE
LMEEZIETE
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H2D Response

O CXL.cacheTl(d. Hosth'5DL AR RRETFr v |
O)l{ﬁﬁ;g\b\‘/% éﬂ% CXL.cache - H2D Response Fields

H2D Response Width Description
EJ:ODITE'T\%FIeIdODRSpData (: M ESIO):'%*E(E‘F)D\%&“% valid 1 The Valid field indicates that this is 2 valid response to the device.
. Opcode 4 Lh_le_aobﬁacgge field indicates the type of the response being sent. Details
O cxl.memZJOKRIILTE. T—HDRead/WriteDFR(C o |2 | Wi ponte et anes o e fapon et e
~ LA —_— =t the UQID or the MESI information in bits [3:0] as shown in Table 16.
$ _V \\J \/ j— @qk@%%%ﬁ L—/ 7::(/ \i%é ( (G M eta State t L—/t}EE RSP_PRE 2 ‘?’prl_P]RSE carries performance monitoring information. Details in
TED N T
F w1 &EZDceoherent engine(DCOH) & XEU&IF DType25/\ = -
- RElF
O DCOHZETF )\ ZANTHFITIRType 35/ 1 AUC(F CDIEE (SFEEE
o Type 35/ (A ZRDF+ v 1 [CDNTIEHosHEI(CPUR) DRI S SN T Cache State Encoding for H2D Response
(AT .
Cache State Encoding

O Fvrw>axITwv> 19 DIzHDGPF(Global Persistent Invalid (1) 40011
Flush)y EEER 1 TCLD Shared (S) #0001

F—INTERATY ITRIF SN LR T B Iz DL B booLo

NVDIMM B U BRI EEEhNS Modified (M) 4'h0110
- Error (Err) 4'b0100
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CXLIC¥d DACPID{TIREN FUjiTsu

OCXL Host Bridgez R D137z ACPIDT—TJ)LH AR

CEDT: CXL Host bridgez BDI+3D(CHIATZF—TIL

O fEERDAE FACPIDMAEE T (F72 < CXLDAHAEEE (9. 14 CXL OS Firmware Interface
Extensions)(C 0 &k

OHost bridge®Unique IDIC K B525k. CXL1.1 or 2.03F&LN)LDHIBIR E

OACPI Device ID (HID:Host Interface ID)h' 2 DEIDH TSN
ACPIDTF )\ W —(DSDT/SSDT)_t (CCXLDT )\ X =K
OACPIO016: CXL Host bridge
OACPI0O017: CXL Root Object (7=z/ZL. ACPIDIERftHRE U TIEFEIZERAF)
O_CBR(CXL Host Bridge Register Info) XY w RAYNENN

FEBDACPI016DT/I\A RICHUTEERTD. RSA/NDNCDAYV Y RZFTHIT D
&. Host Bridge®RegisterDiZFr XL/ \—=3 > (CXL1.1 or 2.0)ZBiSTE3D
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OCXLMDHost bridgez= ACPIMASL TZFRIR L 1=/

Device (CXLO ) {
Name (_HID, EISAID (“ACPI0016”)) // New HID to indicate CXL hierarchy
Name (_CID, EISAID (“PNPOA08”)) // To support legacy 0Ss that understands PCle
// but not the new HID
Name (_ UID, 0)
Method (_CBR, 0) {
Return ( 0x00, DP_RCRB_BASE, 0x2000)
}
// Standard PCIle methods like _ BBN, _CRS.
// PCle _CRS describes .10 resources. PCle _BBN describes bus number of CXL RCiEP
// PCle _0SC is used to negotiate control of CXL. IO capabilities
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O CDAT:Coherent Device Attribute Table

CXL Type 2D LD (C. T/I\AXRBERMAETU TS, M DCPUAIDAEIICDWTEF v 1]
E—L>>2—([CDWTEEZITF DKL DICIRD
= CPUZIT TR, /A RIS RIEXEU 7O ez BUS I DB NH TETZ

O ERDACPIDSLIT, HMAT (FCPUNS D7 It RRERIRICES 1=

O CADTT(E, FZIESL—IHSDEDIMMYO T IS L —IRADAEIANDT I REREERIRTES

® ITI(IS1,S2H'CPU, ACC1~4R
CXLEDT oS L -7+ X

® flX(F. ACC2->DIMMANDAE accrmen [|—JHGGH—
T O RMREN ENL BN ? BRI

Bk ACC2.MEM I_-i
OIMEDECA. MIZIUTEAERELT

T accy |

%I DIMM1 DDR Memory
[ (interleaved)
—] bimm2

PR [ pIMM3
CXLAREAMR CIRIN SN TR 5T, 9 .ml } oD e
ACPIDAHE T B> TUVRLY ven ] [acea) 2] Dinwa

Figure 3 Configuration 1

O #EHR (IAEA
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FFICAREFRATY DR, NVDIMM EDEL)
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CXLIEEEHAERTEONARSBRDOIEACPI{TE ruisu

O NFIT&_DSM(*)(ECXLC(HMERSR <oz

NFIT(ES—I)LEIDTzs. CXLOAMBEN DA EU %
Hotplug9 3 K D7RERKDZRIR (IO ANEE

O N SHOtAdd T DT —ADTesh. 5N UehZERDME
BZE> THRENDD

NVDIMM DevicelC3 9D _DSM(INZA—Z"EDELN
ZIRIRT D &2BIEL TWLEN, BEE o oStk

O AT (IInteld_DSMARIENY. Z4)(dIntel (TR ST
NVDIMMEADIZ#E(LZBIEL TLV/E

o LML, SI-MHERDY A MUCDCPMMESEEHETNTH
D, DCPMMICBRESNI=AR(TIZDTLVD
https://pmem.io/documents/NVDIMM DSM Interf
ace-V1.8.pdf

O M DTIENVDIMM-NZH L CULV\EHPES. HBO _DSM
DIFERZELTULEN, L2 EFZVERBIERE
XD TCTWLE
https://github.com/HewlettPackard/hpe-
nvm/blob/master/Documentation/NFIT DSM DDR
4 NDVIMM-N v88s.pdf

Learnings from ACPI Based Approach

Pros Cons
= ACPI NFIT Unified NVDIMM-N and Intel's = ACPI dynamic support doesn’t scale
Optane PMem = Hot plug challenging

= Meant for small number of empty sockets
= DSM complexity hard to maintain
= Bug fixes, additions logistical challenges

= Helped get enabling upstream early
= DSMs allowed a generic kernel

implementation = Virtually impossible to support multiple
= Differences abstracted away by _DSMs devices
= Mechanism has evolved gracefully * No generic BIOS

= Fairly small additions, few errata

(*) EEZE(CIEINVDIMM Root Moduled3 KUINVDIMM ModulelC¥td 3_DSM

D78 < TR D TTALARIC

X9 DRNEBFENVE
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https://pmem.io/documents/NVDIMM_DSM_Interface-V1.8.pdf
https://github.com/HewlettPackard/hpe-nvm/blob/master/Documentation/NFIT_DSM_DDR4_NDVIMM-N_v88s.pdf

CXL Type3XEUD: FUJITSU

O HCENFFICERM CE DK DICCEDTICHARANEM
CXL Host bridge®I&EFHRD(F M. AT MBIEGTAED DIzsbDIEHRN BN
= CFMWS(CXL Fixed Memory Window Structure) Figure 36 - High-level sequence: OS boot
O Jz72U. 2022/2IR7E. F/ZEvaluation Copy&/Rdo>THD. AHEAKICIT—= P — ossoot

UEFI Driver: N/A

LTV osorer: e APETE O

0 CXLEDAEYDRDIFG (12E) [EDWT, Intelh 1 RS2 ZRE

“CXL* Type 3 Memory Device Software Guide”
https://cdrdv2.intel.com/v1/dl/getContent/643805?wapkw=CXL%20memory%?2
Odevice%20sw%20guide

CEDT
CFMWS

O CEDTDOCFMWSZE (FU s, WL\BWNBRRDEE EX5H IO ICFIEC DN T, -
— AT 7. EFL, OSOFEIDEWIBFEAEZT>E50E NN TS [os o |
o N DTOACPIDHEDRT(E, [BELDEESFEHN L HMSRRL] & o T Lo e
WDSEHNHBD. OSORSA)\OTSY KT A —LADRREEIC O TIEER e

Read HOM Decoders

oD EUEHE(E RST LALERF)
O Jr—ALDx7fl
o BEBRACPIHEDRAE ,
- CEDT, SRAT, HMAT, ACPI0016, ACPI0017... e
O EFIY>OSAl e |

® L& E&E(CCXL Host bridgehSSwitchZfz & D Memory DeviceZz & = | —— |
L. XEY &EUTOMREBREZ IR

S 2T MBSO SEDIFN. Hot Add. Hot RemovelsDFIEHELH;

info
Get LSA - Retrieve Region labels

D GPF Persistent & volatile
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Interleave ECEDT CFMWS FUjITSU

CXLHost
Bridge 0

CXL Host CXL Host
Bridge 2 Bridge 3

O XEUDInterleave®:sE (FCXL Host Bridget®

Platform ACPI0016_0

CXL SwitchH'iE e { —

1ZEALl 13

(:(Lngos;
:/17__-[)\@@ H%(g j J Ab\ L_a) E%EJL%HR D C E DT A”:Z:j”; ﬁ ‘%’ } ggzéﬂ;:‘?ii
DCFMWSOWBICRIRL . EFIWCOSH ZNEHEFIMBY oo ot | el | o o =
= ] D] Tl T WE

SIZEKL

© CEDTOCFMWSDRE eI e B
o R—R EHBRA S ETOYIET RL Z(HPA) o+ e+ c | ——— o —
o Window size(ZBHDT 1 X) —— 11—
® InterleavelCf1D113dMemory DeviceDway# = wml W omml womml oW “«Es:-?‘m u
® Z®DHost bridgelC# 133 Granularity(HEIH -1 X) T | o o o o o
® Window restriction (ZDREIHDEII) a1 1 1 =
+ volatile or persistent, type2 or type3, ... etc - e

Window PW
Window PM Window PM Window PM Windaow PM Restrictions. T

0 AR(FCFMWS DB ) I N .

® CXL Host Bridge 0~3MDF(C. Type2{°Type3DIEREAE ., - . . — .
FIleA A= =T ENIEType2 OType3DNEFRA T ZHE o | S0 a7 e S —

HFADET, sH10EDMEEERE TS T e e lme o e

- HhoOBE2EPXFEOERZNZIG e
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CXLICHITBType 35 )\ RDRGE N E{F

@) DSMO)A: ) (LAC PI%Y HE'_C‘} {/Eﬁg—%@—c(ird\ < —“} \/]/ X% CXL Memory Device Corz:::d:d Opcodes

) Input | Output

BiE 1Y RTRE Commen st Command Combined | "5 | S0 | S
El/ VA X t >( £ IJ N énj::’éﬁin %E 5 3}23 g_ _ t TaY > S oh | Identify 00h sevee 4000h M 0 43h
= A \ Y TH. [IER s i

—_ (Section 8.2.9.5.1.1)
== — — N

%%'fj— g D (‘:. (C Td\ =) oop | Get Partition Info 4100h o 0 20h
(Section 8.2.9.5.2.1)

O 72/2L. _DSMIC#H D12\ DH\DHERE(HZELL, (45) O i 9 Lo O O

Label Get LSA
Storage 02h 4102h PM 8 0+

Hea | th‘l‘ﬁ $E®Hy1§ (SSeici\SO: 8.2.9.5.2.3)

03h (Section 8.2.9.5.2.4) | 41030 M 8+ 0

Error Injection et Health Ino
J oon (Section 8.2.9.5.3.1) | 42900 M o o

RE tgures
7& Get Alert Configuration
01h (Section 8.2.9.5.3.2) 4201h M 0 10h

IS

Health Info Set Alert Configuration

o HBFRDRequired¥dM(EMandatory, PM(&Persistent Memory | =i [ jecmeeniiy on n e |0

03h Get Shutdown State 4203h PM 0 1

DiFEMandatory. O(FOptional S
04h (Section 8.2.9.5.3.5) 4204h o ! o

00h Get Poison List 4300h PM 10h 20h+
(Section 8.2.9.5.4.1)

Inject Poison

4301h o) 8 [}
(Section 8.2.9.5.4.2)

Clear Pot

02h ear Poisen 4302h o 48h 0

(Section 8.2.9.5.4.3)

Media and

Poison Mgmt Get Scan Media
03h | Capabilities 4303h PM 10h 4

(Section 8.2.9.5.4.4)

oan | Scan Media 4304h PM 11h 0
(Section 8.2.9.5.4.5)

05h Get Scan Media Results | oo - o 20n+
(Section 8.2.9.5.4.6)

oon | Sanitize 4400h o 0 0
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O NVDIMM® DSMTIEEFEELTEN. CXLOEERHI(C
Bz 57300 WEEE
TR NOYIRT RL DS, TI\+ R =ISTE S DbE

"~ ! R e . Replacing broken NVDIMM is complex(2/2) FUfiTSU
O WELIEIOVINST/I\ARZREL TS Db E
o NVDIMMTIZACPID_DSM%Z{#> THEC S/ B To replace broken NVDIMM, the following
e ndctia<> KA DSMZEFIFE information is hecessary, at least
o 1. Need a way to distinguish
o CXLTlFCnp 2oz which NVDIMM module
O CXLTEDITAIRNEMNIERRETH ? is broken (especially, if
. S tp e s o . 2. To replace NVDIMM, Need information the region is interleaved,
o )\— RO (CHPEDETFNTR D TLWNLELRLY ? of relationship between only firmware know it)
ElFTWZ., BEORERTIEIYV D MIDKEESERRE UT “Physical” location of NVDIMM module
B, N\—RICOTHEOD TRV ENELHDTZD... (Ex. Silk print on mother board),
o VI MITRDDICHELTRDS ? and Device name of namespace /dev/pmemX)
K& (FFEIZHET anmlr:nem?ulm (region 0) 4 .mespacel 0 | namespace1. |
Address Range ScrubtgEdDiCEh namespac) (/devipmemTs’ | /deviomem?.1
©) ScrUb*%%ﬁE . X:EIJ %ﬁ&wt_H§WT$IE _%E-.]IE Systemg NVDIMM module2 / ;.FI /dEVI'me'.IO name” 3. (I:Itiz(: ;Zrtllzvsace
o NVDIMMTI$_DSMT e Start s 32 &V T T2 poard (nmem2) broken — |/devidai o1 came DIMIM
O CXLT(ZEARMEAEDEBRNTRY NVDIMM modue 3 ﬂ bore oo P
o ZOWDEEAN Y —EEH ? | (mem3) |

Copyright 2018 FUJITSU LIMITED
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BN AR FUjiTsu

0 GPGPUZ(ZU s E UTESR DT )\ A A2 DI DA > A —AR T REUT. 1> TSICIFE
BIMIEDIT(CIRBE]8EME
DES AT L EN., HRFELE ENSEOBRLIA ML REMICH T IO T DHIFS EUT. PClellhhHh B
BDA A —ART NNIRBDHE?
PCleZR—X(CLTWBDE., fiEUTITELRVNEWNDSEISR

o JZT2. ARE/\— RELVY T bOREZEFRENCIRDDIETNMSH ?

AREANKEREEZBIELTED. ER-NKE
O Linux® RS A )\ DEEEELEZCNNS
o Intel®Linux kermelMBFET > > 77 (ICXLEISTIEE (T LLWS U L. BlEL R IDNENG K
O QEMU/KVMACXLZE B R— R T BED(CIRDDIEESS(CHEBHOHND
FLECXLKKR(CRY —Z SN TUVRVMERREBFE

SE/)\—F - VI MI—BFRE=NT. TNTHERDERSIN. ZNHAWRESNTHSHAREN ?

O PCV7—FFIFvENRZFTLEOTHEATINDIAENE

CPUJZIFTI&<. PCI. ACPI, UEFI[CCXLOYEMEN. BHEAHRNZ IS CHEACEDSNEFTE
O LEBLE [BNECDZELHILTVS] LHTonah. Mo TTNaEE<RIIT—EHID

o Qiita(F'O2) TCXLICDWTER U T <MNizredvespidE A (C/%gET |
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Compute Express Link Specification

O https://www.computeexpresslink.org/download-the-specification
CXL* Type 3 Memory Device Software Guide

o System Firmware, UEFI and OS Software Implementation Guide

® https://cdrdv2.intel.com/v1/dl/getContent/643805?wapkw=CXl %20m emory%20device%20sw %20guide

Coherent Device Attribute Table (CDAT) Specification

O https://uefi.org/sites/default/files/resources/Coherent%20Device%20Attribute%20Table 1.02.pdf

o BN T 7 LA TOFRRER
Compute Express Link™2.0: A High-Performance Interconnect for Memory Pooling
O https://www.snia.org/educational-library/compute-express-link-20-high-performance-interconnect-memory-pooling-2021
Compute Express Link + Linux + QEMU = Yes
O https://linuxplumbersconf.org/event/11/contributions/906/
O EIAIEMER
redvespid & AIC K DCXLDfFER
O https://qiita.com/redvespid
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