ICTA7 =
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03 FEMENERSE

SXIS_S=HASUATL HOICIT2
2 D0ME AIBXIS S8 MHlA0| Srfel HO|E O ofZ2jA(01MY

20N Zdck= CPU H M2 AHHe| SEHAHRI HIHFEE AMAY 228S MotA7ls 8 #l0|
g3 AL 0|2t Z2HIS dtiZol/| ?lof ST HEe 22 7Is2 ARE Al H=2e| AES 2
HEoz He|do=M At HEES Il 4| FA HIE(CapEx) ¥ 29 HIZ(OpEx)S Hae

Xl za02 F2D Yr,

o
2

l. ME

[

o549 A AREH o2 QIFAT -8 AH|A7E ] wetA o] ReHoh: HlofE
MEE= A 9lo] ®d(Large Language Model: LLM), thf2 dlojg] 24 3y Edjoly
S 22 dolg oA fEA AL AT ARl AHsHA = vloly kA
fEe Aol A gl 59 md] & thAES QckL Qlo] 7E9] AH F4
(server centric) Flo|HAIE Fx& mke] &F Ho| BAS|A Helow, AFY ALt
w2 2] Azt B o A shuEst £A7F EAgsH =9l olHgt A vlag
4 sidst7] fls A S4(resource centric) Hlo[EAIE F27F A NAH o= s

AL ATH-[4]. & L] TFollAe= giolEAlE st 3ol s AwEy, [IFgels=

* Bge gX2 MANTLAT 042-860-1214, younjw@etrire knOH 22I5A|7| HZLICE

B 2o mXo| FAFOI o|7A0|H IITPY SAEQI QUE0| OfEE gLt

erE e 202609 MRS |ISFHE SO MeR HESHI|EHII| X|ge wor SE ARY
(No.2019-0-00002, & S22 HEXZY sid|s i)

HHENY|EIIR 25




Faset 2026, 4.1
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A
1
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TEAL Q= w9 71eE £ S0 sl AHEA MFelA= At AE

J5S HwT

N
lm

. HIO|E1MIE Tist st

(19 112 "Hel8AlE YIEQA 3271 A8 404 Al S4 o= Zstehe A& Ho
FTH2L. 7129 A 4 F-20A= CPU, W, AEA]7} shte] AHof gt F-dH T
Hhdo], 2Hd $4 FRoMe AHhE 44 22(disaggregation)ste] CPU &, W& &,
AEYA] S TSI ol5S 2AAY, 2FU A AAYA 7gx AL FEE
2ol A= CPU FJoF2] Au| A8t H e o] Au|A7F FE5h, o5 ZH SeH2]Ql H|tA
EA4o] TRt -2 HolEAlE Atmof| a2, MY T4 AL22 o5 AH|AE 48T
3% 1.5%2] wjxe] FoFE ofEZ|Aol4o] HlolejAlE W A wme] AHlo] oF 908.2%E
Ares]. A A 4 o8 Ay oA 7R FEEAL Qe Vel Wie] 9
(memory pooling) 7]&olct. A4 S2H-E o429 AJAH F15 B]-8-2 Hita]o] 4
-t Aol M=, Azure AW 7HA9] OF 50%, Meta & 7FA 9] oF 40%E w227t
AR gter Hme] £ 71e HolEAlE 9] A -85S Stistete] &9 Bl-8(OpEx)¥
] B2 vl&(CapEx)S F7]H 02 d4% + e sfador 55U Qi

DC Interconnection
Network

e e 6 e Resource-centric

”‘-' RACK DC RACK
CPU Utilization high

Server-centric

CPU Utilization
Mem Utilization j

CPULKiIzation [ ] Mem Utilization bieh
Mem Utilization high -

/‘ﬂ (’ A

o e P

i <4 ¥ 2

L

. 25 27
WECPU W - e Sg el

(At2) N. Terzenidis, et al., “High-Port and Low-Latency Optical Switches for Disaggregated Data Centers: The
HipoAaosSwitch Architecture [Invited]”, J. Opt. Commun. Netw, 2018. 74
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I H22 ST AAH

71&9] v 2] & AAGE A AR Z]e AR FA] A (raw device) 7|9 A 08
A=A AH 7| AL AR AHE HEeY] &2 ARG RDMA(Remote Direct
Memory Access)?t &2 7|1 5ol SAE =29 94 WEe LEE A4S AZgitt
StEfo] Hdo] Tsedlths A 1oy, HEe Lenjftt 11785 CPULE E53at %A
2gjo] Fasto] 42 9 -8 H|-go| FUIRIt= o] Qloh. Al A 7 BrAl2 ARE
40| gl & HE AAUO R Wi LEE F/dstal o|F UER A AH ddst=
WRjoltt, o] WAl H-E SHoAE= & FHe] oy &1 WRE FAE YEYZA
AR =EsH] gt Eeotof uf- Fefsty, 4o S AEVE FUS HEY E2 SR
o AT ¢ Qe 52 IHsh] A8 Bt bd 22 Y ZrEFo| Wasitt
A1719] EAIFES dlZ25H7] YslA CXL(Compute Express Link) ALA| LA EZ5}7}
25| AYPEIL 9= CXL 7]&5 ol8sto] Hize &9 Aa"HS 15517 A% ot
A7F A= QITHAI-[10]. £ oflA= CXL 7Ie< ol8ske MXe] 9 71 5 3ol

THE Ass SHoE Es Eo

=

1. Pond

Ponde Z2F¢-E A|AHIQ HHEeE] AEAWYG(memory stranding)® HEXE= ¥ K g
(untouched memory) A& sfZste] HA| AAH H-E&S A7) s AFE CXL
71vke] yime] E5 AJA"o|TH6]. PondE 7]|ASH5(Machine Learning: ML) 7|8k o=
HdZ AMESto] ZHdmAle] HeE7] A, sid FARETF X AAIZ] jIARHAF A A=
e &S d&ste] AEAE wZe|} UL &= i Eo IFeitt w2
=< CXL "2z #4g5H. Pond?] H4 ofojdol= ABAE HRH §32 H&s|
A& ut oW, 7HmAle] HARE ARGSHA] g m|HE|o]7] wo] o]& w2 e
Zo| gtz 5 AsHt EAYSHA] A=tk Aol

E3E W22 F8 zNUMA(zero core NUMA: T2A4] o}9] Qlo] Hrauto s LA %
NUMA)°l &dsto] 7Hm4lo] 24 wEeE S48 8 AHEsHA dAsHAt. (19 2]
he Mze 7HiHilo] AAE o 24 Yot £ yras ofgA d&sty gdsie



Decision Prediction model
Workload history?

Latency insensitive?

e VM Metadata
% VM type. O3, Region,
L. ercenties of mern

Yes

No

Yes,
Workload
prediction

(A) VM scheduling

Entirely local DRAM

VM request Entirely pool DRAM

Pool DRAM=untouched

_________ Mitigation

Manager (u]]

o Hypervisor %
£ o access bits.
s e Yes | Overpredicted untouched? |
E Latency insensitive?
S No, Yes No
(<]
Q Reconfiguration mitigation Continue monitoring
= =
(1) Hof HH (L) oz 22

(AX}=) Huaicheng Li et al, “Pond: CXL based memory pooling systems for cloud platforms”, ASPLOS'23, 2023.
[22 2] POND %¢f 32

Ao] that Aol B A SBES Holck, A4 MINA 42 2FHAD, 7MY
WAl 7je W ol wEe Fof 22 Hue o AE A= UﬂEﬂl 87 o2}
(A2). A= W= p7eke vigor, 27 WRale & vng 7o) R el
125 FETHAL, A5). BAE OS A AMEw,  WUAL £ dzel T

<o

9= hot-pluggable but not enabled® A7}l Add_capacity/Release_capacity
BEoIE AHE3te] 1GB s8telL @9E F7H/4ARIY ©]%, QoS(Quality of Service)
TAE &3l oAl 22 vrd &35 HAAHB1~B3). [Z1¥ 2] (W= 7HHAL 76t
% 2 olgsto] A RiFtEe] wet fARES 2 v B & vined Igsh=
SEES HoE d52 Yars9] B oY, 7MiMl FF 53 &2 vEHoIHE
v o 2 3 E) A 9T farEs 24 wEof dgstal, Ao 4% 4
2 F 7MIHA HEtgolEE VHte g AHAE HER g5 T E 2] g

gtk [1% 312 Pond 28 St=o] AZ 29 o]df wet F71E= AlRAR] A AT
HolgEh 27 DRAM2 NUMA 22 v|122] HIAZIe 2 2 =74 45 vie] 7&
o] Et}. Ponds= AGAIZE H4kE #15] 1671 olste] 2R e Fdsk= AS Aljkett.

A AL 7e2 -8 7158 EMC(External Memory Controller)= AMDAF] Genoas
71202 o 128709] PCle 5.0 laned} 1270¢] DDR5 AE-& 71A]7] wi&olt}. PondE
Tdohe BE SAE CPUZF 8709 CXL ®HA(PCle lane)E AHEE A%, 2o 16719
SAE CPUE BHE9 A904 glo] EMCREE ol-gsto] o 12719] DDR5%F 48



Latency assumptions

CXL Port 25ns

Flight time 5ns
ocal DRAM (85ns) o o S

Core/LLC B MC & Address mapping, permission (ACL) | 5ns
/Fabric DRAM Network-on-chip (NOC) 10ns
T A5nS Switch arbitration (ARB) 10ns
LT S Core/LLC/Fabric 40ns
Memory Controller (MC) MC & DRAM | 45ns
8-socket Pond (155ns, 182%) ~ e |E
2 g mwem e |E
S SEmemeEs S
? O awow mweg] 0

e ey

40ns 250 BNs 2505 | 15ns  45ns
n6-socket Pond (180ns, 212%)

40ns " "25nd" 5+20+5ns " 25ns “15nd “45ns
32/64-socket Pond (>270ns, 318%)

25nS "20nS 25ns. 5+20+45ns - 25ns 15N 45ns

40ns 2ons  542045ns

(Xt2) Huaicheng Li et al., "Pond: CXL based memory pooling systems for cloud platforms”, ASPLOS'23, 2023.

[ 3] Pond 72 Sf=RI0 AZ I ASAIZ

ATt CXL 2AE ARsHH 2d| 64707HA] &o] 7hssi, EMCREE AR8ste 72
tH] 100nse] A|AAZbe] 7MY 16 424 Pondw =2 HE2WHS AMESh= 3%
Hiwale] 5% o]ste] A% A4 oF 7%2] DRAM W|melE Bsiga AR Sehes A
7}7&1,] oF 3. 5%S 2471- }T:,]._

2. DRack
DRack2 QFAl5 AH|A EA3tE £5311 = & ZHinter-rack) EHY S a74
o7 AlFstr] fgk CXL 714t -a‘j_—'ﬂc”](dlsaggregatwn) TZE AQKsIH7]. @ Yo

HE NICH 22 WHelE SAERKE Rejste] &) £29] NIC 3 W2 25 F4doto]

7k BAlo] Zgsitt. = g 5t B st=glo] SRt AFEY EE glole
ﬁ]olEi Hokd ofEgjAlo|d E3ol4 & 7t EdfjES aHoz AT 5= vk Aol
Atk FA A F4 FRE ¥ YR AFLr 2, S 79 LE Edzo] & Yo Aut
A2 = o ETAlA SHNAE = *é%(low latency, high throughput)& H<It}.

HEEN|EEI 29



quregated Switch

$#EE
/
ToR Rack 1 TOR Rack 2
Jeit
-

é@i@ |

I
C
2 Host 3 Hast4 il 1 Host 2 Host 3

N

g i

s @ |
" Switch
e DRack 2:

5 e

ia

n ¥ 34 7% (L) DRack +%

(MZ) Xu Zhang et al., “DRack: A CXL disaggregated rack architecture to boost inter-rack communication”,
USENIX'25, 2025.

(2 4] ClO|ElME 2E

a8y ¥ 7+ SAlo] WS @Aies LLMY}; 22 Hlojg #HeFA ofZ A o] dofA=
SAETL AYsk= Hlol &80l NIC &2 23sHA =of 45 Aot T8t (19
4] ) & FH FRoJA A2 Au|A ZRto R FHET &, Au|A SR whebA FRA]
Au A A AL Ae 8 S o FejEo] AgEh mEkA] FAlO] o7 F

AH et ohofet A AREShHs LLMIF 22 dlolg oy off&e|A|oldo] 3 =H o
ZH Edjy] g0 FHSHA F7Fete] SAE 7hE0 9l NIC H9&E x3stA Hot.
E3F 27 AUy 97 AYE A0l AHgSte Rleg SVHE A dHsEt EAY ko]
FAT A5 AstE o]ojZtt. o& idsty] sl [17 4] (D) DRackollAl= & Qe 9
HE NIC® HEeE SAEZRE 2ejsA NIC E3t vie] £ 4ot o2 CX
LZEES AMESle] SAERF AT} NIC £°] ToR A& A9 93 Ie =
ASZ AufAste] & 7t A2 S 34 gsIelHh ol& sl 71£9 NICE L& ARgs
HA SAE HEEE E 55 ARSI A dEskE dAska d4 H8E SAE

fr

=

"""" managed by FM-------1 | NIC ~ CAL ™y NIC I ,.-u-f:‘;ffii —,::':,‘Ti;;.:;'?:’:f:f;-,“ e
b & Switch ‘DRack1 " e o Mj,.,c i M Lo
"""""" Paei e { B /?‘/5"'"”"\ " (G \
DRAM DRAM Lea| -REDAY " 7N
a0 |S1 150 v IS0 S 5% 2 \
Re0n 0 g outer | .. | 468 e | ! Cache Cache | il = b
‘ = \ Memory CXL port| CXLport| Memory J 1 ﬁl’F'ei T : / X ’"ﬁ% I Buited
! age { PN =
Region 1 - CPU [ CPU vl € @,@ £ @ @iclc
128B buffer . 128B IJuﬁer i WPTCP [ WPTCP v : | TX VIR Gieue | et Gusuelsre] | | X RV
G Host 1 Host 2 :77_7ff{“‘f‘ii?;7779?@7777::77775f77"¥‘ 777777777777777
“p oze &g ¥ ®H2 (Lh =gzt s

(At2) Xu Zhang et al., ‘DRack: A CXL disaggregated rack architecture to boost inter-rack communication”,
USENIX™25, 2025.
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‘I

DoAY AAEPTLY FES FT6H] Yol NIC E2 SAEE AAEH 4l vNIC
(Virtual NIC) @92 AAIEHES 33t (1% 5] (PD= DRackolA] HWZelE sl
HEE Eo Fdots wAlS d9gsty] 91t Ad kol
IAE CPUZE NIC &3 W2 &0 A3 HIshr] fIsiA CPUl CXL XEE 35t
%} CXL EEof £0i= DRAM iA1= CXL AYA|of|A] BHAYsH= A AAIZHS F45)6}7]
A3 F7He Aoz 24 vzelehs B0l DRAMOE FAE o 9l IE SAEL
CXL ZE(CXL.mem)E &3] o2 SAE HragE AH Id/st §ict HEdolg JES
Zr= Reference(IS1, IS2)4F Q1 SAEQ| AEstal A4 Holg = Wi E2 AMRSH=
1S0°l A7t [19 5] (WhollA 3 W7 A1 CXL AR TS AESto] A=, &
b B4 CXL A91A19F NIC 25 B dddnt. I8 ZA" F24 J4L ﬂﬂEﬂ
ld/st &&= YerH, o H42 DMA 9171/27] 542 BojEoh & 71 41 NIC
Zo] 9= 9] NICE AREsto] HE A4S 39gith DRack ToR F4 X tiH]
A SAE B 37.3% ©E010] Redis®t Zo] A Ao Rzt AujAo)A] me] 2
S 62.2% FAAZI wbdof|, th=2] NICE AREsH7] Y3 MPTCP(Multi-Path
TCP)Z AREsH7| wWiEe] NIC <=7 S7Fetd CPU QIHHEE ¥ AY A& Folrt G35k
A7E Aok

]

l

Al

r¥

3. Octopus

Octopusts CXL ZREZ 7o} wlze] B A28 44| oleAleo] Tashs

AL, 7HA3 FEo i FAHQ YEYD F2E AUATCHE]. A CXL 7u Hre]
92 CXL A94] = & XE 5 7= MHD(Multi-Headed Device)& AM&-5t=
= |3

HAE 2= Hett 5 H83 24 500ns o] 71 A AA|Zto] W Agsto] e
ASL & AMgSH] o RARtslt= EAlde] it olE siEst] fls) CXL A9A1E AR
Sh= thAl F|iet 22 4=9] ZEE 7IA]= MHDE H|tHA +2& AZFo =N 22 1
AN 714 A7 U= CXL WEZ] &7 ALHE Aok 7HT AdAZE 2
Jefold AA|AHQl L 47 E= 8702 CXL ZEE Zk= MHDE AR&sh= Zlo] %‘fﬂ?ﬁ]
ojty. 22 7|E9] HHY EEERANA 2AE o= 0|9 AZE= MHD ZE 9 &Y
sict wEbd MHDO] ZE 4271 ZojA|H SAE 4= ESE Z0j50] & 7529] Pod(Performance



optimized datacenter)E 78T 4 9
= A1 o] g, ol2fet EAIRE
sidst7] 918 MHDE H[iA EEZAZ
Agste) TAETE AR tE MHD o]
AAEE F2E AR (11 612 o
A& Pod 732 Octopus©|A] A|Qtsfal
= ¥ AE Pod 325 Hoj&Eeh o
g EEZA A= BE SAEMH)E
e v EHP2 &2 HER TR
= 8719] TAEHI~HY)= 4719] wwz]
EP1~PHT BT AZ=Eoh A A&
71&2 738 7Fs3 MHDE] #tf| 8-lane b o (LD BitE
CXL R 2 1670]e), olo] wjef 2 (1) B & beraer ot e Seokl oo
SAE £k 1602 ARk SAE S5
1671 oo & F7HA1717] Yslixle 2
9] CXL 29AE S7tsljof gttt vt B AP EEZA oA TAEE= vHe] & &
A7 obd IRREE TR SAETE ARRE 5= Q= WEE] E &0 Ao B
Aoy A5t 714 oA @Atk AA (1™ 6] (e vt EE22X
£ AFg3He] 4719] CXL ZE 5 zH= MHDE ARE3slo] & 13719] SAEE d28 &
JLS HojRrh SAEQ CXL ZE &, MHD ZE 0] 2 A4 753 o SAE
9} MHD &&= (& DE 84,

(22 6] Pod 7%

Hx X

- - = ]
H=1+Xx(N—1), M N (4 1)

H: $AE 5 M: MHD %5 X! Host port 55 N: MHD port
TE 29} $AE ZE & g 24 7153 CXL 7|8k Pod 7]t
Z22 29} Octopus T+ROA v|wst Zolc}, 7HI}F 8HS v 3|
A<

FE e IAES MHDE AH8ste] 598t B8 22 PodE +55H=




ICTMI |

[H 1] MHD % SAE TE 37|98 CXL Pod &7
## | MHD ZE EZ2]] SAE ZE Pod 37| MHD 2 Pod 7HA(22|/SAE)
1 2 &S 2 2 2 300
2 2 Octopus 2 3 3 300
3 2 Octopus 4 5 10 600
4 4 CHEls 4 4 4 670
5 4 Octopus 4 13 13 670
6 4 Octopus 8 25 50 1,340
7 8 CHE 8 8 8 1,600
8 8 Octopus 8 57 57 1,600

(A=) Daniel S. Berger et al., “Octopus: Scalble low-cost CXL memory pooling”, Azure Research Preprint 2025. XM7Y

4. Clio

Cliot 43| A 587 7] st=go] 7uke] A53 wze] ==(MN)2
AFY LE(CNME ARAF 371 golEeg]Rl CLiboR FAE 53t AJAHS AQksith9),
Clio9] 4 #sh2 M| =9 steglojo 4 et Jei(State)E AlA st g7}
35< Fdistele Aol

[18 712 AFY Ltot vy ==& P44 Clio #2325 HojErh HHFE k&9
CLib< 94 vy 25 fls) ofEe Aol 4o
gt E3h 8% ID o, AAS B {4, 5 Alojet T2 HEYNA HE 223} A
T BF AFY RER o]5AA HRY LEE ASASOERE AREA U

H] E9%(non- transparent) APIE A&

[
Client Process :

ralloc ™ |rreaa exfew - 1] T-mmm=-=d
rfree rwrite  WAPI ! : | B QE:
DENCIRRRRATAY Slow Path (SW) 5
: CLib = a
Congestion Cirl =
,,,,,,,,,,,,,,,, 5
$=
O

Local Eth NIC
Mem (L1+L2)

CNs (Server)

MNs (CBoard)
(A=) Zhiyuan Guo et al., “A hardware-software co-designed disaggregated memory system”, ASPLOS22, 2022,

(22 7] Clio #XE
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W e el Ste9o] glolg HW(Fast Path: FP), AXE¢o] Ao} WH(Slow Path: SP)
2 wkE d4RE 918t stEfllo] 7H57d ] (Extend Path: EP)2 /4%t FP= 100Gbps?]
A ZT ool 2R 9] AAAIEE EASH] 918 st=glol 24/(ASIC/FPGA)L=E
= o] 4 BT AU HAL vlolE ¢7l/27] T AAIZE dlolE] 24& Aste Hletd]
olElE ATt FPe A A5 BAE 9] mtolmele] w22 AAE). SPE AHY
ARM 718t SoCoflA AAE= AnEojz ARG, W I, s, 7H 74 447
Zo] A Aofl= RIFAsHA gAwE 5343t £2]o] F 3t WEtHolH A4kZ =33ttt EP=
NEA ol o] E3td AihS mine] kEoA Ay SPT £ s s Ty A
olt}. QI F(pointer chasing), Hlol8 BB HH 22 AL AFoan HEYA

ok

4=

Efg 82 o)1 AA| AAH 452 AT [ 2]= Clio 4 840 F8 7152
Hojgoh
[H 2] Clio 7+ 244 F2 7|5
== 74 Q4 R Jls 1 HEA
#RE LT CLib 9F &M B, MWHE, =3 Ao, HE2AH0ME APl Kz ANEA ATEQ
o2z L= Slow Path Se|/74 F4 Y, HEH0E &2, ARM SoC Ao SoC 718t ATE0]
H2a L& Fast Path M FAE 2 FAZ He Hot ZAL HOX| EE X2 HE SEYo 27|
22| == | Extended Path KV X% Radix tree B S At QD24 SIEY0/ATEY N S5t

(A=) Daniel S. Berger et al., "Octopus: Scalble low-cost CXL memory pooling”, Azure Research Preprint 2025. {74

5. DirectCXL

DirectCXLS CXL ZR2EZS AlEsto] SAEQ 94 v2glE 23 AZske] dlo]g
AlE] 9] wme] 2HehE 88502 FYohs 4 AMRITH10]. 71289 ze] £ 7]%o]
T2 RDMAE ARESHAY AZE o] 75 WH4lS AR 24] MAYSh= YISt HlolE
AL Ho]A] 2E, B9 13 QH|FEet -2 torst SAIEES slEsk ] I8 A=A
DirectCXLE A& FPGA 7IHto.2 CXL 2.0 A|AHS #5510 CXL Hulo] AL w2 g
£ 25 E AT 5 U2 HFEFeR FEolct. RDMAOIA HAsH= v 7822
tlo]g FAL glo] ¥4 HikelE SAE AAH w2 F1hof| 23 vijgste] Hiol AZE

ol 7HY @lol 1d/st BEolz AT 4= A siEeh £, CXLe] A 43 715=



Address space |System memory | | BAR |HDM| Reserved for CXL

s —— 7 \\

| Host CPU | |Rout complex Root port ||
(éﬁf;;_jlf;j}, [BAR/HOM 5|zeg [BAR/HDM ba?e,9| ORI )
[ Endpoint i - |
dg\);(ilée [Bar size[Bar BaselHDM size[HDM ba‘;‘!'_’?ftrggglfégn

[ Device memory l¢«{ mem req)

(A=) Donghyun Gouk et al., “Memory pooling with CXL”, IEEE Micro, 2023.

[O2 8] DirectCXL & gal

ghgofo] stEgo] 9] W2 A dAIzto 2 H e A #e|otal cxl-namespaces

o ¥4 HEZE mmap WA R fEA ol Tdotes A8 ATE 0] AEE AT
gttt [719 8] DirectCXLe] EAE CPUSE 97 HZE AZst= HAlS HojEr)
SAE AY EFto|H= CXL RP(Root Port)oll A2 E CXL FAEE FAstLL, PCle EFR
A AlS= 530 4219 BAR(Base Address Register) JHeF 45 H 2|9l HDM(Host
managed Device Memory) X E €913t Ad Eefo|H= g9lH BAR, HDM HHE
SAEQ AAH wwe] Ftof w3t ? A &g Ee] oy AR gl CXL Ao
delErt olF, TAEZF HDM= AN a7 TAshH SAEE Id/st H8= B9l A4
w i 2o wiyE HDM F4-0] @Eﬂt}(ﬂ%&‘). o] 832 g RPoIA| CXL flito 2 ¥%t
=o] CXL H& o] MeErhaet). CXL ZA9 CXL AEF2 = 52415 HDM 404
A& Fa(base address)E Hle AYS o HAl E214 F4F Fohdoh [1¥ 9=

PANetwork llMemory []Copy MLibrary llCPU Cache DPCIe

DMA n @
| @ @ 2k
0&‘ % % 1k
S x x8.3 faster | ~ — i
=] .
—tf—T T g i
T RS P : 3 ZREOERE
Latency (cycles) Payload (bytes) = Payload (bytes)
(71 =S (L) RDMA (CH DirectCXL

(XtZ2) Donghyun Gouk et al., “Memory pooling with CXL", IEEE Micro, 2023.

(23 9] XA 24



RDMAS} DirectCXL2] A|AAIZES AS] Blal A Holioh [119 9] Fhe < ot
FlofollA5te] A AT VrERdli) 6440l E 9]7] 7]E 22 DrectCXLo] RDMARL} oF
8.3u w52 & = Ach [71% 9] ((H} (Fh= ZH2F RDMAS} DirectCXLAIA A AT
AlF A4 T ol RDMA«= H|olE EAReE AXEo] glojHejg] QugErt &
H|E-S AA5h= WHA, DirectCXL2 CPU 7HAI9} PCle7t 58 YRlely AZTE o] ¢

B4 oMot 29 9ee ¥ 4 Ak

. Mo A48 45 HlW &4
(3 3] & JojA s 2 CXL 78 e 29 7|ed 8 EAS HojE), dA,
2Hol fry £ 7|2 CXL.mem ZEEIFVES ARES 9t o]= Al U4
T2 4% FAE dujstdA 71229 NUMA kot A A-5st7] HsiAct 3, #
29 7|2 MH-LD(Multiheaded Logical Device)E Aok 48 WA 2] CXL3.0
A7 ESAEE Al B, W2e] Ff(sharing) 71€E YHE Z0E STt

_\:__1‘

R

Tz Pond DRack Octopus Clio DirectCXL
AR o)
A [ C
el (Mex.64) 2 (5771 Pod) e i
OZES CXL.mem CXL.mem CXL.mem - CXL.mem
NUMA A2 A2 AR - A
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