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Fotbiik &, #M45 @, SCADA A4 M54 44 10,
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G A AE R B A KL B8 ) THTE . A B AR RGE . Bl 5T
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B s ER Yl B E: 202558 A, Widh SK s AHEEFix
fif &%k, £ B #1 2 HBF BRI ST shAT ALt A2 . X7 B AR4E 2026
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PRAFIE RS, ERRERM E A% SSD, ki HAdE, A KIE
GPU #95F & M4, £ GPU B i% SSD ¥94)# M T, A SLE 2L
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1. AI{EZEARRNS, GPU A% SSD A4k#7 224
A& CPU 31K, GPU A &HEE H4410.

Al #2594t 10 FREFERK. Al NHIRFETEIEG T4, L0455
P RFEH A MB %A L, Fef|3 2 e R & ik, @ AL R A TRE, LLM 432
8 KV & 437 P EAX 8KB-4MB, & Z 835 FAL & (I A Gt 4 1B IR £ 21K £ 64B-
8KB, {2F & X F T 5T 4L 0rR. LLM EZ e 5455 KL K 10TB 4,
6] B4 T A 7 R A AL R R 3R] 1TB-1PB, XAF “I3RBIM” &5 A,
B RAMREMTRESR .
Bl: RE AIESAT A0 ZRARRER

Area ‘Usage model Applications Access granularity  Total size /worker
Training Checkpoint save/restore LLM pretraining, fine tuning 10MB — 1sGB 1-10TB
queres doee | UM inference 8B - aMB 210578
Inference LLM+GNN, GNN+LLM Contextual LLMs 512B - 8KB 5TB - 400TB
'Dynamic Index build | 64B — 4KB [ 6.4Gb —20TB
|LLM RAG doc retrieval . 512B —8KB - 400GB — 1PB
Vector database
Graph RAG 64B — 8KB 400GB - 1PB
|Recommenders 64B — 4KB 7 5TB —400TB
Predictive Al |GNN induced subgraphs -eCommerce, fraud, social networks . 512B — 8KB - >2TB
Anomaly detection ‘eCcmmerce, fraud, social networks 512B - 8KB >10TB
Relational graphs ‘Data Science Automation 8B - 4KB >100sTBs

BAE SRR FABK, REIESTFT

Al TR BEARERL V0 X (FRBEMREZE) SARKE, REAHRS)
B RAFRAEG Y “H TB RA” (TB/TCO) #@#73%6) “& IOPS AR
(IOPS/TCO).

IR B

F—%: )% (Training). A LLM % ARKE, H£45 .52 KBRS /O (10MB-
IGB). XX XA SLEMEEE, BbE%e) TB/TCO (& TB A A) 48
AFRARIER .

% —%: 3E3 (Inference) #= FRM X Al (Predictive Al). @45 LLM 432 . RAG.
B EHIEE. G RGRETE, XEEA LRSS LRGN VO (37 B AL EAK
8B. 64B. 512B) Au# K e94dE % (FHiA IPB R4 F TB).

z

10PS A A MFT I, 5 FHBAFHA AL B AEAT TR 5 ST
Bek . WRRGAAE. HIA D U0 HRHMEA, B OPS (HHEBRIEK
). Blde, RAGAE. Bim)h. A AHEZMARIELR M K 49 4008 5 F KL
S G UNGE e
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B2: FRIAMELLIA

- Bandwidth and throughput
= Small transfer sizes (<1288)
- Performance per watt/dollar

- Local DDRs
= Memory
= Storage-Next
°
@ > - Capacity per watt/dollar
= = - 10 sizes of 4K - 32KB
g = Compute storage - Mempools, TLC Flash locally attached
= g
~ -4
S 4 Warm storage - Capacity per watt/dollar
& o - 10 sizes of 32KB to MBs
- TLC/QLC/HDD and remote access
Cold storage - Capacity per watt/dollar

- lLarge transfers >MBs
- HDDs and remote access

I RR: FABL, KR EZIERFRAT

BHRM Y, CPU RN E&A4 10 thizflz (LFR. AEATR) PRER
7 (FWE3E), GPUBMA “Hishini 87 WIhBKEKIE.

HATA CPU A P S B mBEM (3 GPUMA “HFHXE”) TA&A GenAl T
G E-XE

Al THE R BB IFATER: RIBEAFRTE, AT A5 RAAREL (4= PCle
Gen6) K42 Al (42 RAG) #) 512B ) /O, AL seMBRF—/~F1L 20,000+ TAZ)IE
JE(Qd).

GPU #3F#3R: GPU #97F478M (4w E—3K PPT A48 ) A &/ L b detbiBE )
FE 10 #HK.

A IEMHA A CPU $kMHAR:  FIMMARBAE TR, & CPU IS ek MFR, X
A# AR (B E—3KE 49 "Current Approach”" ) 31X F"#AT4L" (serialize) 2K "HbiLZE"
(batch) /O, XA A HEK AL E R ATIRE (Qd).

B3: kAHFo itk AT 69
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Software and Storage are the new bottleneck!

Littles Law

Qu=T L

* PCle x16 Gen6 = 104GBps
» For 512B access -~ T = 104GBps/5128 = 208 M I0PS . .
+ For 4KB access :~ T = 104GBps/4KB = 26M I0PS GPUs and emerging workloads have enough parallelism to
issue these many requests in-flight.

= Assume SSD average access latency = 100us
+ Qdfor 5128 = 208 M * 100us = 20, 800 But the software stack and SSDs can’t keep up.
* Qd for 4KB = 26 M * 100us = 2600

CPU-drive software serialize, batch, or block effectively limiting QD resulting in underutilized bandwidth

and stalling accelerators

IR R: FABL, R EZIEHRFRFT

GPU iR Ft, ZREHRGEIE, GPU Y “4hHER”, B CPU AR A 3485
Bl il s, CPUAR “FER”, IR TiiBhEe) “N4E2”  (house keeping).

HABF FIAEXA CPU “4fi2”  (push) #dE3, %A GPU “42”  (pull) #kd&.
GPU RAHHEEZNA “4F” (on-demand) AA—ME—) 5 BG4 FIRIRE FE
EOE &/

B4: GPU dfaig st

From Offload Devices to Orchestrators

Rethinking the Accelerator-Data Interface

ﬂ * Current Approach CPU
+ CPU has entire control path

* GPU used as assistant View-based access
I * But majority of the work happens in GPU

o . : : Tiered memory./
CPU orchestration Inefficient to load PB of data via tiling Storage pools Compute

Tile by tile loading on demand

* What applications need

* Aview-based access with a notion of infinite
memory pool

« Ability to fetch only needed data on-demand
during computation

Current Approach What applications need

« Ability to scale compute and data pipelines
independently

* Move majority of control to GPU while using
CPU for house keeping

Can GPU sustain enough parallelism to hide storage memory latency and provide a tiered memory/storage pool
for applications?

BAERR: FABE, KR EIEFAFLAT

Wit GPU Ak SSD #= SCADA 344 H) I GPU WAx k932 .

GPU Hi% SSD A% GPU 44t CPU A= 24 WA, HiE. H3U0ME A H iR e
B NHHE, #i8iL NVMe-of. RDMA. GPUDirect Storage 4% KX 52 I —FAk AL 49
LR & Z0h

SCADA #—A A Tk ALVO #E . TH by, L BEREEH.
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SCADA B AN XRHEBAMET “CPURMAR” #HIA: IR5%53%: 148 uNVMe
(AP &553)) id M4z, FIMEE) IOPS. & F sk GPU M &AZ R A $IEH KL
A, B “HEERAR" X (T AR T RDMA = GPUDirect ) ALiF4K3E IR 525 7
ik AR % GPU 24, 3L CPU fi HAnst iR,

GPU b5 g9, EIANEMEZIT “GPU R 10 %BHR” 4R . GPU B A%
#2 (@it SCADAClient) &K A2#HK, #4% (:8if DataPath) HIEAA GPU, CPU £k

R T BART B
A5: GPU H# %4~ SSD A6: GPU mAH¥, CPU M3kt
Partition, shard data SCADA Server

SCADA Data |, ... SCADA uNVMe
Service i

User-level, accelerated, trusted

Control Path
Protocol

User-level, accelerated, untrusted

GPU
Application ’
Threads

Data Path

Protocol
SCADA Data
“==_ Service Client
@

SCADA Client

HAE KR OCP, KR ZIEFFR AT AR R: FAbik, R ZIEAFRAT

2. BHHERM B REIEFERM T

EMEBRE AT, M YU CPU AHF 7 3| “UUGPU A% &7, GPU by 1itHE
¥, AEGIE VL CPU A W S#tATRt, S8 R4S 2 H % GPU 694048 iR IRAr it
WHE ) EART. CPU B A ERIAHMESAES . F5HMARALBETEE. G E
By B ML EA.

S EEm A ARG,

BT B0, sy, AT 2% N5 (DRAM)# L #F #(Buffer Pool)E S A4 24
R, B HEEBELHEETHE GPU R 64/ Ai%E SSD X A 6933575,

HIEA B A EA GPU 49 SIMD(H454 % 53824, 3B 4 SSD LT4#E
1R KA 4.5 KRS RXAHAER, JTRAE LHF Apache Arrow FERFEN A HH#EX, 7
& GPU A #%7H 3% .

FRPATII N EM. T4 GPU R A FEI: 4348 (Scan). 4 (Join). K4
(Aggregation). #5(Sort)yF A HTEHFRREEEFH GPU AL, FHAEHIEM SSD AN
HERHIE. FF. FUREKIAT B XA LR G2 H GPU WAAKL, ST HFRE
GPU 50, T—HFrEeh4c4B €l it Bk 412 £ 5 4 M SSD Hlk, S+ H5/0 49
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et h

ulk)

FHRACB IR, RAAEA BT AL 4509 4 F CPU B Ao mi & F 3 e RINAER &
. FAERE A GPU A4S EAZE, HBM 5 SSD 8494 5% . PCle 44838 iR 537
B,

BARAMEARA . AL B A RPUT TR, Stk k¥ B#dEAE GPU 24, A
% SSD. M TeinE, REF T AEIBHBERLOLER L,

AT ER X ARG RA, RIEERHEEZRERMBE. Ehust S GPU 44
FEARAK (#F 733, CUDA & ). GPU B4 L, #3EEHFS CXL A A4, NVLink
E 5 EEHRES, O —IKF L BAEE, KA AL FARZIE AR 09408
71,

GPU H ik SSD B ANEAFHIE I — N8B R BM A LIBATH . FEBE
AT, BEA—NLEREFRETE GPU. SSD i+ EfAMaE e “HiEd R
BUERGAE.

3. FL#RERT bk

B &

HBF # A #- K%k, 2025 F 8 A, #LFAL"HBM R "¢k EAHFHRK
(KAIST) it 2 B4R E “Al AR E) /) Z-F B EA GPU &) G4 EEAS 7 & #I%4E
d, EATFREKRABSEEDIED X400 A 6, £ EMETRABARRT RN F
fig b, A7) 3R & A % A (HBF ) 898052 30, Tz R4 2026 FaBAF R
B, FF 2027 £ 2028 17 E X A,

202558 A, Widh SKEALEE FHESRK, £R 4 Z HBF HAME #F)
ARRAHAZ, W5 B ARAE 2026 T F4& A HBF Af &, & 30458 HBF #9 Al 432 A 4.0
i 2027 S, AFRIEGRZ, £ 10 A F a5 20250CP A% B, SK i
HEH KRBT T #HE HBF 3K 69"AIN B 2 7] "4 = 5.

SARIEE FAR X AAE, A% GPU #ATHIE 34 SSD . 2025 F9 A2 B A
R AR AT E G Al TR AR A L, 484k SSD B AL ARG F TA2)74aH
HE—R T, FEBRAARGERA R RBTFL”, i£45 A1k, SSD —fxid it CPU (¥
FAIE) 5 GPU iE4:, 480445 AR O4F, AT H4Ei543) GPU 3 ATH4E X
H#49 SSD. ARk &, 5 GPU #4549 SSD & ZiA %] 212 IOPS, #5vA 2 /> SSD M Af
X—F K. X LFHEARA PCle (PCIExpress ) #) SSD 421 49 F F4XA47/£ “PCle 7.0”.

Rty d:
Hammerspace &1 bk FTH RO THBERARABELE GPU RFB A%
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BB B P 6y EARBIBEAR B R, Mg T EBEHEET SR Mg HEERR.,
Cloudian HyperStore: i#if RDMA over S3 # K, I £ 445 GPU A 449 A
BEIEA R, T S3E G Z4IEE MR 8 12,
4, BREB
WA Al 3269 %, GPU Hufnd 2t —FRHA, IR CPU A I AIZS, £
RRARRM) £ A% SSD, Wi AR A, A5 AIE GPU #95F L 4. £ GPU A SSD #
RHFHEMT, BHEAKELEZELAFTRKTAA, BOHRKKAFIIE EHFTBVL CPU A F
3, @yl GPU A9, 4t3t GPU H ik SSD #7 A 2 M E A, %% Al AL A eFE
R BT LA B RITAGE,
M&AFe: [EIRAHR), X H438, #2435, MongoDB, Snowflake % .
5. KERF
BAREERBEFA. GPU Hik SSD HAH AL N, mRBEARAFLHEREIR
B, A% omat AR F LR,

Al FL R REIRBITH. #e9 R T 2H T HR ALEE R @M E R, ok
Al B R ERBIH, 2%rn = kg k.
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STk A

R RAES A (RN 8] 2 BE4 B E L S, LESIERILTT SR LS.

A RARAAINALE T ZAE AP A T3] (AT RAR “ANE)” ) BEPIEA . A3 R
S RERAME|ARE L AL P . BAETHELT, ARE T 6912 83T R R 6 & ILFH
A PRI AEAT ARG AL S, A 8) BAE & RAHEAT A BAE A RSB 64 1 2 PT S B 14T/
R FARAT AL AEATH XG0 FIEA TR A R D RIE S TR A P B R 2 LKIEHY A
F3,

FEEFEFTHEILT, R RIEA BT KA T 562 FH R4E IR 2| 090 3) P AT
ARSI HAT R S, 7T f8 A 1K e N 5] AL K ARAT IR SR AR S

TIHA R, EHF A, ARE R T AN AT A T 5 LE AT 6912 &, A
3] /) RALTARIE X 3612 09 A Mo T M, L RARIE S P UL & R G ik RAL AR E,
FERR AT, A8 7T AR5 AREFETA FILAIEN R —R G RE.

AR GG RA VAN E) BT A, REFBEFT, ETHMFNATFZAERTH KB, 5
F A Z A, BRAF R HRARERFF 2, B LR RZELARRTIT,
RARE R A AF LA B2, RFEAARE R, B RS RIREATH E R Z 095 A
WP AetE B, RBBEAAI A Z R FEARREN, B L RIEA LG EETAE, A3
PR G &) H 18 R TR AY.

ARIEFR TR BATR

BB T AT RE LA B 5 6 & 12 AN A MAT L KA 5] @R A gt 2ok &I
TR (A T HAEA PR 300 454k, FATHIEABARRHK, 2B HLEHFL
500 #8446, = HIEIREA ZHORSR (AT AR b ARG ) T 1840 (AT T 4
ibAREY ), AL RATAEIRHCH ALIE 50 454K ) , BEARde T

8] TR

FEN: AR 6 AN A NI KREE R AR /R 15%0A L ;

¥H AR 6 AN A ARk hE ARt AT 5% 15%Z 4;

P TR R 6 AN A AN IRKER AR A AT -5%L 5% 14,

BAF: AR 6 A A APk P ARRT A E AT -15%5 -5%Z 4] ;

L FSIAK 6 AN A NIk ERTEARRT R £ -15%0L T,

AT 3 FAR A

¥E: MHAKR6AMNAN, FldsFAnstik T 5% L

T FEAKR 6 ANA R, AThABRARA 5% 5%;

BAF: FTHAKR6AMAR, Tlkigfomxtss T A% 5% Lk,

FRAVERIRBEIE, REHEA AN KA R E) 891 FRARIEBIEBATAE . RATEA 69,248
SPIPBAR R, A TR b T, B H FARF R RIERGRE L ASEEH S
HRARI, S BRI B 6. M5 RIUABAFZE R, R EEMAEAARENAT, R
FLALAIRE AR R R E— B &, , : L8 Al

Rk P

e ol = = B R RIEFIRA A
ZFMILRERZE#S5F

YR AL 215021
A A (0512) 62938527
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