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Abstract: In online large language model (LLM) inference, the key—value (KV) cache is a critical memory resource that constrains concurrent
serving capacity. Under memory pressure, sequential or capacity—greedy eviction policies tend to preempt requests with high recomputation
costs, causing the freed memory to be repeatedly occupied by redundant prefill operations and consequently amplifying time—to—first—token
(TTFT) latency. To address this issue, BidKV is proposed, which formulates KV cache eviction as a memory—computation trade—off problem.
BidKV selects the request with the highest unit—cost benefit for eviction based on its releasable capacity and the corresponding perturbation
cost. BidKV does not alter the inference results and reuses the native preemption paths of virtual large language model (vLLM) and SGLang.
Experimental results on the ShareGPT dataset demonstrate that BidKV reduces the P95 TTFT latency of vLLM from 6 769 ms to 631 ms and
improves the 300 ms service—level objective (SLO) attainment rate from 68.4% to 83.2%. On SGLang, BidKV reduces the P95 TTFT latency
by 94.6% compared to the native least—recently—used (LRU) policy and improves the SLO attainment rate by 38.8 percentage points. In a
two—card Ascend 910B2 (TP=2) setup, BidKV achieves a P95 TTFT of 631.8 ms and an SLO attainment rate of 72.0% under a workload of
3.8 requests per second. These results validate the effectiveness, cross—framework portability, and multi—-GPU applicability of BidKV, demon-
strating that memory—constrained inference should shift from capacity—driven to memory—computation co—scheduled strategies.
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HTPOT P95 Tt 2 153.5 ms, X bt B T ¥ AR AL TG 15 5 fi
Pt 5 e RTINSO RN — s TR ]
PEATROHHEY , e R R A [, U T BRIy
TTFT P95,

FRASBEDL IS S SRS T e A R 5 e = 9 SLO
KR, HHTTFT P95k E] 1 216 ms, Z1N7AR SCH7uAY M
i, XULIHAURAS 1 R BB PR T AR B, AT RE N FE
IR IR SRR . e KA AL SE [ SR B (4 TTET P95
677 ms, {HIH SLO AR A SO K 3.3 A 70 ko A
T, KV b Rkl w C paTic i mtal, iU
fF R I E AR . A SO RIS A7 i as S ah it
fr, TEAFRERAUBEAR T ERVRIE AU B0 T, B 0 1 T m)
FH B9 Token MM PERE .

3.3 SGLang Rl 5 4& 14 LaHIE

KRRV I RE B IR BN R AR SR, AR SCTE AR TR
TRA 74805 3.8 req/s FIARMY LT, ¥4 BidKV #2 A SGLang
) RadixAttention J5 ¥, J15 54 SGLang N BEAIL P13 BE 7%
AT

BidKV }4 SGLang [ SLO ik %% tH 54.4% $2 7+ % 93.2%,
TTFT P95 (1 6 207 msF& % 337 ms; SREHLENSCRIS AL, I8
HUAS T 0 SLO GA R L FEAIRAY TTFT A0 i i A ik 6
%24 SGLang M B AL AL IR 45 0 . R AR, SRR
A KV KRR nT B Al v, v 80k e I i
Ry mDfolces Al FATIS TS 11 REAS A 2o 4 i T

#+2 SGlang OJRAEIHSLIER

s 300 ms SLO B TokenfBlR &HITX/ %Tokeni@t{j

- RARE /% P95/ms (req-s™)  BY[BIP95/ms
[RETFE 54.4 6 207 3.01 58.8
b IEIlg 92.3 386 3.69 70.1
KX THE 93.2 337 3.72 70.9

SLO :ARBERER

R WUMDPEARTEIERENLL (EREEI3.8 req/s)

RO 300 ms SLOJARNE/% & Token $E)R P95/ms HltX/(req-s™) E8 Token fiHAY B P95/ms
PE 68.4 6 769 3.48 97.0
PE-SJF 79.6 666 3.06 1885
Static-Random 84.1 1216 3.57 90.9
Largest—First 79.9 677 3.28 112.9
BidKV 83.2 631 3.42 107.2

PE: 8 5REE  PE-SIF:ARRUMLTIOSREE  SLO:ARFBFRER
PRGEREA
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A% AR HEHAE L

3.4 W+ TP FHITIIE

MR 2 REE YR, ARSCE 2 5K A% 910B2 | L 5K
BIFATHE (TP=2), JF7E 3.8 req/s IR HR T, & T8
JAPE, PE-SJF. Static—-Random ., Largest-First LA KA SCH 7%
(BidKV) AyPERERIA

F3WR, TE38 req/s FHE T, BidKV K TTFT P95 )
631.8 ms, SLO A H N 72.00%, 73K 1.806 req/ss 5
PEAHEL, BidKV Y TTFT POSFEAL T 94.2%, SLOkMRIET
T 2520 A 435 5 Static-Random A7 ., TTFT P95 [4AK T
70.1%, SLOKBFIRTF T 778 N 43 5 . PE-SJF (9 SLO 35
AL L BidKV 5 2.35 4 H 43 4, {H BidKV /% TTFT P95 {I%
27.4%; Largest—First [) TTFT P95 [t BidKV {Ik 14.6 ms, 1H
BidKV [ SLO 35 BER 570 I 20 p . R gE SRR,
BidKV Jf BRI brde M2 AE XK TP A7 5 T
SEEE T R AEIR 5 SLO ik R 2 [R) B SPA

3.5 BS BRI
HEERIVMARMAESMT (3.8 reqs) FHATHHIEH

&3 XEFH910B2 L TP=2 BVMBENILL (BERIRE 19 3.8 req/s)

BidKV: RT3 ZRHEIRAY KV EZEUTHH] HERF

Ly, HARSEE e HBRME: w, 43 5I1HL0.25. 0.5, 1.0
2.0, w, -5 0.1, 0.3, 0.6 F11.0; KEEMLIETT.

FAGER R, FHRN 334 ~3.43 reqls, SLOKRFE
N 82.3% ~ 84.2%, TTFT P95 3 600 ~ 659 ms, TPOT P95 Jy
100.7 ~ 112.0 mso  FrA7 e B34 5 00 T 3R IAE i 3k mg (SLO
KRR 68.4%, TTFT P95 46769 ms) .

R SEGE RN, Rerkefife, XRY
BET RO A HE AT A A T — 21 4 1) e AN
BRIAE w0,=0.5 Fllw,=0.3 57 T IR A, BEASAECRI &
HEREER G5 1R F A b 2 RS R AT 245 R UERY
SERCE P EEEE, JFAE B AR X S PR 1A 0
AR,

4 ERIE

ARSCHFRATIR T BIdKV,  PARRBEI KV 2 & 54 sh
P R4 T RS, TEBS R RV R e R s AIRARHT A Tl
X4, HE RS R0 A4 b SO AR . LA SRR
B, BidKV fEf% i ZFEAL vLLM 5 SGLang i 3 TTFT, 42
TESLO A, JHAFFRA TS I AL, SR TP=21
e PR IR T HAE 2R TR . YRR
— AR EE TCTAAE i S R 1 1R T S B AR T R, R

ok n] 4 Ay K R TN o ¢ 1 MR A TR T e . AT,
sgg  300msSLO ETokenfE B0TH/ & Tokenfid) BidKV 24l Z A8 PR RS vLLM-HUST [ ffi B 5 | 5 T
c K% BP9 /ms  (req-s™)  BYBP95/ms - ) . o ) ]
FEGEM, T H B RETEE | SO A R R 55 R LS
PE 46.80 10 945.3 1.768 208.4 —
PE-SJF 74.35 869.7 1.848 199.4 PR XA
Static— 64.22 2113.2 1.800 196.1
Random
Largest—
L 66.30 617.2 1.796 198.5 sE7H
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Bidkv 72.00 6318 1.806 1988 [PP/OL]. arXiv(2023-08-02) [2026-06-16]. http://arxiv. org/abs/
PE:IBGHREE  PE-SIFA/EIMSCIBEHEE  SLO: RBZAER 1706.03762
R4 BidkVIBSHBURMESIIN (BERIRZEK I 3.8 reg/s)
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e & o
SUBE w, w, BT/ (req-s™) SERE % PO5/ms PO5/ms
B ONW=1 05 0.3 3.39 82.3 633 109.6
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AR E R 0,205 10,=0.3 SR EIRIDET
SLO: [RBHERER
DNSEREAR
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Storage—Hierarchy—Aware Prefix KV Cache System for

Large Language Models
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B2 NESEURSPHERREE KV) EEFERRANBK, ZHBEEPNES (GPU) BA00PRANMNES: (CPU) ABIEEAE
7o NAEBEX. WARNETIEE (SSD) ¥ ERISESEARAET), BELRES. BISFEHRE, ERNAZESBIEFTR
(TTFD), MEEURESEIREiEHE Ko (X —0f, BE 5 SEEMARNOANEIIERRE S 745 PCache, PCache BOEF-A5-SSD D=
S840, BEIAUEMERANER KVIEE. NEIESKVIIE. DB KVEFNEEITESEAR, B SSOInaSENEAEL (/0)
fHo MRSEMSINE 5 PCache I MERFTHIZBEIRESRIVRIE TTFT,

XHEE: NBSEN; FIBKVES; DEGE; 830R

Abstract: As the demand for prefix key—value (KV) cache capacity in large language model (LLM) services continues to grow, the required ca-
pacity has gradually exceeded what graphics processing unit (GPU) memory and central processing unit (CPU) memory can support. Al-
though using high—capacity and low—cost solid state drives (SSDs) to expand prefix caches is promising, SSDs have high access latency and
low random-read bandwidth, and directly introducing them can significantly increase time to first token (TTFT), making it difficult to meet
practical deployment requirements. To address this issue, this paper proposes PCache, a storage—hierarchy—aware prefix key—value (KV)
cache system for large language models. On a GPU memory—CPU memory—SSD hierarchy, PCache reduces SSD accesses and random in-
put/output (I/O) overhead through data—layout—aware important KV selection, page—level continuous KV loading, dynamic KV reordering, and
out—of—order computation. Experimental results show that PCache significantly reduces TTFT while maintaining stable inference accuracy,
providing a technical reference for designing efficient prefix KV cache systems for long—prefix large language model serving.

Keywords: large language model; prefix KV cache; hierarchical storage; TTFT
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L\)‘Chat(}PT MARERRIEF A (LLM) 16 AR E =
i AREA L, SOARTHEE . AR I A AT 5 v R R
SRRERZALRE ST, TN A TR RE R FH AR A o 2 Rl 15
Tl A RRIR S5 N SAS [R5 e 250X 1E . KRB R AR

HEEMB: wI28RRFETSEAME (LD24F020012); EBXRERNZESE
XE0HERFESESINE (U25A20423); FNBIFBRGIAERERSEBE
IME (K20241957)

AL (RAG) MU BEIRAEE 245, AR 1R SR A
B, ARFEERZ A 2 5 AL /4. DRk, ek
AT R B TR AL FRTFAY , R AN BT R AL
S R

FESbRfRSs Th, SRR AGE R T RS AR .
By FIRLBRAF R . AR R o . T AR L R AR EITR SR
o NI AT IR, I AR G0 R xR
{E 5K A7 AT ZR B A7 (Prefix KV Cache) , J5ZEif K
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Arin TAHF T, W B E LS AL, s/ Bt ey
BOWEEIA, IR E TR (TTFT),

AT, FISSEZAF 2 AR KBRS (GPU) &
fERI AL HR SR (CPU) AR, HFEE 527 AR o 2L 3
K, ZEAER AT T R SUEEN , MELCSC PR
B PR R Aok . MIHZ T, BIAMEE (SSD)
BRI B FRE S, vIERY AT s
PSS . SR, SSD MU IRV REME S HTEE KV 192k
SKIFANUEEL . SSD T IR AR 6 /55 T AE FNAE, AR |
BRIy 2GR SRR i 98, I FLZE DTS B
NG R R ), 3 RS M A e LA L Ak
9 TTFT Y25 o

FEXF PRI, AR SCHRE Hh— P i 2 G ) KA AL A
ZREE(H 8 A7 2 98 PCache., PCache [ [i1] i A7 — N A£-SSD 43 )2
FEAESEAE , XTRTSE BB e, . gk, A R A AR
BEATUREOLAL . TS, B A R R A R Y E KV R,
T G BE 2 TR0 [T e el D i AR 0 SSD TRl s R, R
VU % 25 KV M, e Bl In) % 16y S 45 SSD Y
BRI PR, It BhAS KV FHER B O 2 50 A 5%
Baldrh R, SRR e, RSP ER N,
A HE S KR LR U BT R AN R A . e iR
I, PCache REE7E CRAFHE IR BEARUE YRR, AT 452
(HZEAETTRITFRY , TR RE

1 KRB REFS 7 EFE

DAY A B0 e B (22 A7 (KV Cache) I8/ E B
BrEEIR, MBI R T, s ARTS%%
17 (Prefix Cache), LIAEAGEANE FHAS [R]E >R i 3 S5y 258 6
B KV Cache, M EEGXZH 43 KV Cache B9 EZ 355, Bl
H IS AT EEC, A R G LS B 2 A
JRGA A, AR RIAEA# A BT s ) A 22 St 2 R BT 1Y
A&/l ] e

1.1 REEF

KA B4 Token (17 Z 7 4 AR T L Z [T (Y To -
keno fE A M)A i Fe b, BROB AR LAY Token 21, iy 52
Token Xf 7 Y SEAEL 5K f RASFANAE o B Fax — 4k, nRRERE
TP R AR BA D, RSP R R ]
T3 s S8, AT BT Token AYSHAE M TR % il o Xl /2
FREZEAA, ZORMR T 1R TE A b Be iy S A 15 e Ak
RGAFVIIN], R E RS 2k Token (1 4E BCHUEE

10 | RGERIAR
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TERBERI 7 5, AR R Z MR AE 1 ]
M 1 FSCER . BN, ZExHET TSR R
1 2R GE 4 1) LA S RAG AT 55 v i 3L 52 3084 J B vl e
AT SIS . BT RGEAFBANS I AT 28000 1 ) R (L G2 A7
BT REAMAPAE, (05 SISO R] 5 28 7R e B
HMBEAPRES, SO BRSO RE, IIMFEARE
HEIR, AR TRR . B RS AR g Ferh T
FRTR R EEARBHE , U 3T NI BT B B AT R GOk
SO LAl I P A A oK

1.3 HIBBEN B

P FRINEL, Al SRR SSD i — B A FEAi
29, W RAE . NAE. SSD =T R EATAT LA . R
M, WA, WAMSSDAES R . A ST AER A7 B
225 WARE PO ST s ] A TSRS (e, (A5
R WAFATVER BAFZ AN G AR, i B RAH D ) IR B
{5 SSD RE AR AR AR K BERTZR B, (BAERBAL ;A A
VAN s Rl N = S 1 AP A 4 [ B S N
SURTRIBIAA Y 25 8, TR e A2 ) (R
VHECIE VR | AR A R, RN 2
FITTET.

1.4 RERRELERESR

WA KV B Af R G FENEAR LR . ST
St BB F 3 4~ 5 1 AR AT % 5 1 I R4 o E SR o 8 0 i
SnapK VI8 4 5 7 43 A W0 AR R B i) KV B, 58
TR E B KV; IMPRESSPIH [f] Z 20 AT KV A7-0if, AR4E KV
HEPEVEPEINBOCHE KV AR F8 KV, LD A7 i A/
i (/0) #ER; CacheGen Ul I I AF A CHEKY, FRIRLE
HA A CacheBlendP'TH 7] RAG 25815 2K , H4E KV #H
IR EEE KV, R RS AR EATE iU, B
FEAEM SRR . o, FEMEPPAL M TACRI DTRR, Bz Xt
SYIAFAE VIR AR s Y H KV AL T SSD 8L A iR
BIEONS, TS AT RE S A B E R Vi) s H ., Token 2K
KV 2% H e P45 5 3R SSD i S22 iU Rtk , R 5l 1 )
AR KR BEAL/INGE AT AR AT 2802

TERAFE P 1H, PagedAttention/vLLMME KV 24720 41
SR E RN, sk R A8l GOMIL ) A2 AR ) 128000 Bz A KV
He, MM FEEARAAAGE A5 4 ; SCLang "5 i RadixAttention
BIRILTEATSE, REZIERIEI KV E %GR AttentionStore!™
WAl T KV A2 HR R SSD, Il i Be g e A e i/ 1y
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TEAFAEREE )7 18, NVIDIAUYE AR s SSD 53 FH 4t =77
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FHE AL PR GRS STERRE 1T 5 KV AP R e 4L B ey
17 (HBF) ""F|FH NAND & 5 i e bR, 7e4Rfit
KAAEZ RN, i /N 5 8 S I AE 2 TR A 5 22
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I, T SSD YR AT AT R G AT BN BIE SR . UL
JEFNYIEEA JR 3 AR HEA T U R A

2 FHEERBAMNWAREMBRREEZFRE

2.1 Bkt

EEXF LR, FRATTBETT T PCache, —FhEAIAAAKZ
KT BE AT R . PCache FRHE T L8 XHE . A
PR 1) RV R A I FH A3 8 A A R T T S KA
PR 45 5, HARIRZEMIANE 1 iR . PCache 2T W77 -
PIFE-SSD 43 )2 AEfif 4R 4 R A A0 i B S 2B A7, I IS¢
SSD Vil S A T4 XA Rt . RS E Se4s & KV FIrfe

GRERBANARARRREEFAR axEE

FEARIZGL. DIl . WU BR TR M SR LR, e ieTs
BT ) S 2KV B R FH O 100 9% 25 KV 28 i /b B AL
5 [ AR Dy Se D AR B A EHEKV ARy, 48 i Bk it
T A AR R 1 5 e i AR e A B RS
AORTZEKV , AT S R R ALyt K A A T

22 FTFERM BN EE KV ISR

PCache 1 5555 20 1 15 2 M itZ 2 A8 e 152 IROHR 28
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Token (Top-k), 3 —ZKEHLIEESE Token (Rand), FiZ% Bl
A 13 75 14545 MR 1t Top—k B4 B9 348 o W&l 2 T
R B Token K 2], Top—k 55 Rand W (4 1 HDKS
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Abstract: To address the challenges of Key—Value (KV) cache explosion, limited local video memory capacity, and high inter—node communi-
cation overhead in long—context inference for traditional large language models as well as emerging agent—based reasoning scenarios, a
novel compute—storage disaggregated architecture centered on optical I/O (OlO)—attached remote memory is proposed. At the physical
level, this architecture decouples compute and storage resources, enabling independent scaling, pooled sharing, and on—demand collabora-
tive orchestration. On the compute side, heterogeneous clusters are designated separately for the Prefill and Decode phases, while on the
storage side, a global memory pool composed of heterogeneous materials is constructed, with near—memory processing units offloading col-
lective communication primitives. System-—level simulation results based on a fully interconnected configuration of 8 X processing units
(8XPU) and 8 memory processing units (8MPU) demonstrate that the proposed architecture effectively reduces both time—to—first—token
and per—token latency, minimizes data movement overhead, and improves system throughput in long—context and high—concurrency infer-
ence scenarios. Moreover, under equivalent service—level agreement (SLA) constraints, the required compute resources are significantly re-
duced, confirming its potential applicability in intelligent computing infrastructure.
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Abstract: Multi—head latent attention (MLA) and mixture of experts (MoE) are reshaping the memory—compute characteristics of large lan-
guage model (LLM) inference. Through low-rank joint compression of key—value (KV) representations, MLA raises the arithmetic intensity of
attention under the weight—absorption mode from approximately 1 Op/B for conventional multi-head attention (MHA) decoding to several
hundred Op/B, whereas MoE introduces an expert—weight memory—access bottleneck at practical batch sizes and becomes a new target
for near—memory computing (NMC). This paper systematically reviews analytical models of arithmetic intensity in the decoding stage and in-
vestigates the evolution of memory—compute characteristics along the path of MHA — grouped—query attention (GQA) — MLA. It further
compares the arithmetic—intensity characteristics of the two MLA execution modes and analyzes them in conjunction with the compute—
density constraints of existing processing—in—memory (PIM) devices. Based on a critical-batch—size model, analytical estimations and
cross—platform evaluations are conducted on four representative Al accelerators. Building upon these observations, the paper incorporates
the characteristics of FP8/INT4 low—precision computation, proposes a hierarchical near—memory computing adaptation framework for com-
bined MLA+MOoE architectures, and provides corresponding architectural recommendations.
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Abstract: Endowing embodied intelligence on the device side shifts large embodied models from cloud—based remote inference to on—
device closed—loop execution, serving as a crucial system foundation for robots to operate in real physical environments. Two representative
model families—vision—language—action models (VLA) and world—action models (WAM) —introduce high computational and memory—
access overheads through multimodal perception, diffusion—based action generation, and world model rolling. These overheads create a sys-
tematic contradiction with the requirements of end—side hardware, which must support 10—-100 Hz control frequencies, operate under lim-
ited power budgets, and maintain reliability despite unstable network conditions. To address this contradiction, action success rate, closed—
loop latency, and energy efficiency are adopted as the joint optimization objectives. Algorithm—system co—design strategies are proposed,
centering on few—step generation, action—aware compression, cache reuse, asynchronous chunk execution, and specialized runtimes.
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Abstract: Compute—in—Memory (CIM), Processing—in—Memory (PIM), and Processing—Near—Memory (PNM) hold the promise of fundamen-
tally resolving the data movement bottleneck by integrating computing logic with memory units or placing them in close physical proximity.
A systematic review is presented of CIM, PIM, and PNM technical paths implemented on static random—access memory (SRAM), dynamic
random-access memory (DRAM), Flash, and emerging non—volatile memories, covering their research progress, representative use cases,
and associated challenges. The analysis reveals that each technical path exhibits distinct performance and energy—efficiency advantages. It
is argued that scenario—driven technology fusion, hardware—software co—design, and industry—wide ecosystem collaboration are essential
for harnessing complementary strengths across these paths. This work is intended to serve as a valuable reference for architectural innova-
tion in next—generation Al chips.
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S, —MRTCABUN AR IES , FEAE R IT LR
PRV UIRE

(3) IAFALEE (PNM) . fFfGHoc 5t
BRITAL TN B, ek shAE- k51
i3t 2.5D 5 3D S i 2k B R 4 S R LY
YBL I AR

3) #EFE XA RS S
TSR B RUE, I T 35

(1) 2D 3%z~ ERL AT
Ry B R BRI, k7 AR D RE UL
RN TE (LPDDR) | R XU B i %
MAF (GDDR) . BUEEUE # A N /F (DDR)
A5 T — 7 TR AE TR — S PSS CIML,

(2) 2.5DE%E: RIS S0 8
S E (Interposer) TE K7 1) 34T H
e, RN T AR SEAEAE A (HBM) 5l
W HINAE (HBF) SRS A 3R 4R .

(3) 3D TS SRS Rl
IRERAMaEEFL (TSV) FHEA, FEL
05 T HEAT = HEE S AR

T SCRHRYE R YR, RTINS
FHEARBE M OFERS RS, Hob, T
SRAM. DRAM Al Flash B /734 —1A 5 %, 4%
ARALHanE 20100 & 3B E 4R, R
Loy BTk IS8 3 28 R FAFEA BRI .

CIM

PIM

PNM

CIM

PIM

PNM

DRAM :
GDDR:

BE——SBITH AT X8 %

2.1 EF SRAM I E — KA

2.1.1 SRAM CIM

SRAM CIM 2244 7E SRAM [ 371 P4 K5 SRAM Bitcell 55
RPHEAEE (IILES . AR . ORI ) E%H
A, MR B (MAC) 148 ZEMIF et T 275 4
T, SRAM CIM Macro 7£ 52 BUAH [ DI BERT , MR FAL G 8T

SRAM ZE—REARES R

EBRERAR
BRARAFR

SRAM CIM
. T

—TIE T Bicel SITESELTIRS

SRAM PIM
e o

ABE. BHTA LSRAM
SRAM PNM: 3D SRAM

= o

<

v

2D 2.5D 3D

CIM: 5P0NTE  PIM: SRAME  PNM. JAFAME  SRAM. EFSBENIZENSES

B2 SRAMGBE—{RIE AR

DRAM 38— AL RS R

EEARAR
BRAREFR

GDDR6 PIM. LPDDRS PIM

tn

DRAM Die P Bank 10 Fif SEREGITEET
DRAM PNM: 2.5D HBM

HBM PIM

TEEE A
HHH B 1
g g g g Zl212]2]
HEEE

2lzlz]2d

2|g]8|8 4

CIM: SAITE

>

2D 3D

HBM: S5 5ES PIM: 7ZPORME

KNS E=iESs  LPDDRS: {RIFENSEYE PNM. ITfAMNE
EPNEHEERE  REEIISHENEE

B3 DRAMBZE—ARARERM-

PGEIRRA
2026 FF8 8 32 %E 48 Aug. 2026 Vol. 32 No. 4

65



BE——EETH 2B

XA &

2 GBI A it Kl 5 AR 5 8k 1
SRR, ATH A BRI RE U B a5 [ 25
SIASBENLIEE S (LPDDRS) %5 ANk F
19 . 52 SRAM ARG A 12, %™ i)
Y 5 32 B 1) 10B LA B /N 5 R R
(SLM) DA N Whisper 5515 & 518, 5 7E i
RUSWIRESERA T b, s/ B ieRs , AT
SCHUME AT SE (Y AT . AE R T, SR
SRAM /il LPDDR5 . A~ fii Ji] HBM (1% 42 44 £2 {1t
TR RA R T . fERERC IH, R
& SRAM CIM FRITA B I R AT 1K 24 20 ~ 40
TOPS/W , HILINFEAL (5 153 R AR DIAE Y
20% 224, TR EITERIT, &Y

N
— > 7R
NOR flash CIM Flash E% {Z’S?ijiﬁgfl
S ST
CIM BRARBER
@?\%Jiﬂ?hﬁ@ —BIl 6
EBFRCRAEN, STTRMACIEE
PIM
NAND flash PNM: HBF
3D 3% NAND Die 5 Base Die,
SEH Die BT 2.5D £ -
2D 2.5D 3D

CIM: ZPAT& MAC: FEI0iZE
DRAM: ZSBENSENE(E8S NAND: SIFJRNE
HBF: SHNG= NOR : S{IF AN

4 FloshEE—FEARE™

TR BT R AR AR B S A RE AR T AR, g 2 Rt
S 5 R FAAE TR T 5 nm 20 SRAM CIM
Macro#E70 , #£0.6 VILHL R | 50% Fdh 4 F F, feskik
F 111 8b-TOPS/W; [alif, XU IETF & T 8 %A A 1405 B
B, JHT SRAM CIM Z44M i vEfe . e, M (PPA) fis
FLI

SRAM CIM Macro [ 75 538 % PR T4t kb, HIEHAE T
BRSNS K, S ATEAT R Rl 1 i FLE 2R iR B AR
PTG 35 A R 2 . AEIR B S v FEPE TR . T ERA
SRAM CIM Macro BB &2 R, SEPRAEFHE I PHEL A Macro
kP EA RS, (APHEAR BBE] AT Macro 8] B 1% 4
FE . HEIR K TR RY S ) A

d-Matrix & T 6 nm T. Z; Y Corsair 1175 F & % F SRAM
CIM ARG YR = o 127 45 & Chiplet S T 44611
BAUKRRZEH (RISC-V) WRZAEHAR, 28T 84 Chiplet
M) 2.4 TIMACKIF sz B 5F> (PFLOPS) (MXINTS)
SRAM 2715 %ic 150 TB/s & SRAM 2754 2 GB RULAE . 4R,

PIM: {3PRNNE
PNM:

%, K (10) HEb R H5h DDR 453

3 4% 25 B SRAM CIM It He 1 ek i 25 o
NS

2.1.2 SRAM PIM
SRAM PIM 444 38 i 9 /04 il 15 1 3
JCHTIAUT A, R I SRAM A7

b LT Ty AL EE Groq 3 1 B AL FEHLOC (LPU) . Sam -
baNova SN50 K Cerebras WSE-3 55, DA Groq 3 LPU M|, 1%
SHET=A4om T2, A L SRAM R & ik 40%, %5
HA[ 35500 MB, A 5635 150 TB/s, ASE T A AN
B SEE T S ThRE. TR, LG5 A g PR AT X i 2 1 2k 7l
SEBCE BRI A AR e A, DTSSR AT RE IR HE R
SRMT, RIS 7E b 508 e SR o JC ko L 491 Y
SRAM, “ZFRT SRAM (A7t BE ,  FPLes AT e LATH JE B
I BT K . B — A, H A TE R 2y % .
— P R S AL BRI R 2D R, SR
YHRERGYIATY 0 5HE , %07 XN R B S 2K
B o Groq 3 LPU RISR ML 7%, 1 il [/ 9088 A Cerebras
WSE-3 A J57 [ & (i) FLI A% 40 4y Die [ A ELHE . 53 —Fh oy
ZEZG HBM, DDR 2R R AMAE T R, BAR
TE—EFREE_HE T 4l SRAM 2R i R ERE S e ik, B
AR T /N E BT 158 4l 5 A, SambaNova

|2 SRAM CIM Macro SHEGMITH B BT

Iz

AE% B

SRAM CIM Macro(&FReB)
ERHTESTT

5nm

~150 4b-TOPS/W @0.5V (50% sparsity)
~90 4b-TOPS/W @0.46V (50% sparsity)

221 4b—TOPS/mm? @0.9V
~100 4b—TOPS/mm?* @1.1V

CIM: SHITE

66 | RGERERA
2026 E8 2 £3245F4H Aug. 2026 Vol.32 No. 4



EAVRFR

P WIE SIS

2.1.3 SRAM PNM

3D SRAM i i 3D H A F AN 1155 Die 55 SRAM Die 17
M EHES . AR AR AMD MI300/M1400 GPGPU
9, RIS RAKEZEF (LLC) MR 598, £
KA B BRI RTHE TR A SRAM A Y R 2
256 MB, H:3D SRAM 7 95k 17.2 TB/s. B4l , 115 Die 5
SRAM Die AR AR T 20008, A7 B Ty 2yl siAs . 58
M, ZHEARXS 3D EAE T2 5 RGE MRSk R, &
e A TR 458 5

2.2 EF DRAMBIFE—FHR A

2.2.1 DRAM PIM

W23 /R, DRAM PIM 4244 7€ DRAM Die P4 119 17 fiff
Bank FfHI S SI TR HIT, (5 B) Bank %I4T 1/0 KIEHET P&
TR BTV Y. AHESTFANREE T, R 98 nT 47+ 24
—ANECEEGL, R R DRAM 5 AT F 22 ) 4 5 ik
BIER 5 IFE . SR1, DRAM Die 2EF DRAM T. 7251k, H
PR B TS SR O AR R ) P RE I B . RO RA
DRAM T 2 LUt 2 B e KAk 55 i U e /M R 0 B R
WIS BT Y M BB T o A T2 8 1 20 B B4 1 e A AR
B RHE S Z)Z R T . WA, RIS AT S
DRAM FAA# TR, SEUAE A B TR, B 5 At 5 fH 8
Jino B, DRAM PIM i 158 B o 3 o SR PR AR ) T A A3
RERA LR, EEMTHESE ) F R EA 9875 R
B I AR M- ek (GEMV) H4., =R 5 SKiFH
TAE) TR C A TR R BEZ A A E R T
R A BR AR, MELIHE B 258K 0 AL TAE T
K, LN S

BE——EETH 2B X8 &
2.2.2 DRAM PNM
i HBM 1E 3% #r i i A RE ST, —J5ifn, D SCif s

= 96, DRAM Die 5 2590 5 2 fk il FLA A /5 200 (TSV
1/0), PEOLE R 0 0T35S o i AR [m] 2D 3h 75
BEHLAEEST (DDR); 53— 7T, A ks & o iy e S 2
B, AER GBI, RETHE, FEHBM
A, HE AR, B, AT GRS DRAM PNM 22
HITF5E . 5 PIM AW, DRAM PNM 093154 512465 T W
Die, TZHEANZMW, ol Amsrife. #0050,
DRAM PNM 43 2.5D 13D P S F AR 2k .

2.5D BE L AE A i HBM SE 4l 15| A %E #il HBM Base Die.
SE il HBM Base Die [ EZ e : 1) SERFRMTH T
sFERIEER, DAL R 2) B RUE Il s R
YIERZ4E VA=A (D2D PHY IP), fifkAb¥igs 5 HBM 2
[E] 2 17 10 % 2 5% 3) 22U LPDDR £l #7, fiff Al
W TCAGE i e b FRER (CPU) G RIA] B2 AL
—HBM—LPDDR 44217 5] LPDDR ¥4, 523 £ 12 94 A7 i
e .

L) Marvell & /il HBM Base Die 77 & R5": 1) $4 A7
T F 114 Die 1) HBM £l #5521l 2 HBM Base Die, DA77 3
A Dielfif; 2) FbrifE HBM PHY 580l i % 5 . R4
(4 5E 1 D2D PHY , i 4k4f7 56 % B M\ 5 Thites™ emm™ 42 F4- 2
20~30 Thites™ smm™, [FJHFa2Y 75% 1) 1/O DIFE . 2026 4
BB E RIS R T 2023—2029 4F A1 R G AE-A#H 56 1Y
PETE8AL . SRR T2 00 ¢ il HBM Base Die, %%
& B ARBRAY HBM ik 5 2.5D B oS Fr B2 (Co -
WoS) HAR, it CoWoS 2% A HBM iy 9 il $2 7} 34 45171,

3D #{ 4l 3D £ R B MES 115 Die 5 DRAM Die, 5
25D EAEA L, FRGEmBRL>—4 . 5 Die N it
SE BRI 404 . DRAM #5525 M2 PHY 45, Se#iit

+&3 B DRAM-PIM RERHFE. E XL

SERERIRK Izs

AIE5E 87N
GDDR6-PIM!! 16 x INE3FEEE: 512 GB/s 512 GFLOPS
LPDDR5x—PIM"® 8 x YR : 163.6 GB/s 307.2 GOPS
HBM2—PIMT! 4 x N 1.2 TFLOPS

1.22 9 TB/s@300 MHz

FMTESEITE019 mmREl  HUT MHATER , ABELEST GPU
32 GFLOPS&7/],8Die 161 A, ZHFEITELRBRERE
&8t B92/5

/ /

.8 Die, iS4 T Die,

ek =18 hwd
SDieik 1458 GEMVITRREMIERSIEH 8.2515

GDDR: ERNEEERK GPU. EAMESS
GEMV . JBREMEM-BETE HBM: S5 ={5ss
GFLOPS: BVWHZRZRICE

GOPS: BWHIREBEIZE MHA: Z30F=7)

PIM: 3PONNE
TFLOPS: B¥HZRERICH

LPDDR: {EDFENEEERE DI hEes

PGB | 67
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SLATTXT DRAM Bank 93 ELIFAT UG AT, 7E 5L I R YR A
W EIFAT RO A, KR 46 DRAM Die B Al 45 . 5
25D EFEA L, FEHEZAH IR 9 DRAM Die 558 T, 7 9E
AR T 10 1%, DIFEREAT 2 6092, %35 A e A2 75 ik phe e
B R R S AL R ), AU R T2 R R 5 A
A, JEH TSV S ZE0T AR Die FIBUTAY, #Ei%
T, il B S e IR R R SR A

T EiR RS TRPEE, 3D DRAM PNM HiliK R Jere
v SN, A R AR BT TP AR ) AT
o HADIE R AT HESE DRAM ZEUH 1~4 2, H)Z 4N
50~100 mm?, FRJZZSE K 2~4 GB, iS5 MR 5T ik 1~
4 TB/s, BHAINFEZ N 0.6 pJ/bit (941t LPDDR Ih#ERY 1L
2 —)o ML, ZEEARBE A OERE T RS
RIIFE, AEANES T SRAM, A2 R THSEHH 52
o, MELLHE R B RS EEBE AR, WL ES G
LPDDR 5 Flash S5 B A T RGBT

2.3 JT Flash BUEE— A A

2.3.1 Nor Flash CIM

BT Flash WAL NITH, FEM6% = T DRAM, #%
AL, {H Flash (25 # 22 (JLT3]—E 2 MB/s), Tif
AERR, RIS A RIRIE 0/ NE I RIFER s . il an
AERHE WTM2101 23T NOR Flash FUfE5E—1K AL A RS
(SOC) v, BILS0 WAL R GEEE (GOPS), T

1] 8 RE A O BB

2.3.2 Nand Flash PNM
HBF 5 {37 M4 F DRAM 5 Flash 22 [8] (1) 357 B 170 2 2%
AR INAET B (SanDisk) 77 SRR, FLES—AC HBF 7™ i

XA &

it 3D HE S AREM 16 1~ 5IERINFAE (NAND) Core Die,
FUB 2R A 35512 GB, Wi Stack B AT S8 TB 44 A 254,
RN AR KREEY R R, AT, 3K E Base Die X
NAND Core Die (3475 7], HBF AJ 5235 K 1.6 TB/s HYHF
B, PERES HBMAAHY . SRIM, B A HIGS AR
S AR A S S A, T AE SR RGBT AU

HBF 3 A3 4 #1137 57 v FUis2 sl if e P 1 ) A ) AR £
B, RESNGES BERES . HBF R e 7 2
Fl5 iR, EEARELIT 32K

1) SFEME PSR (xPU) 1% HBF: L) HBF 1L
HB53 HBM, FEARIRLE 724 AT 52 B 8~16 1% (10 L A7 it 45
PR, ikt HBF ZE IR R M REI 2k, 5 7F HBF YT
XA E 5 KV Cache #1743 X4 Hic o

2) xPU - HBM - HBF IR & 2844 . %77 %8 nl 3 /b xPU i
it CPU Vs IA] N AE B SSD it 7 A 1 S8 3R 5 D FEFHAPY, Horr,
HBM Base Die 71 3% 4 B xPU A5 0] K B% -5 ik s, Jf
£ U SRAM Buffer X HBF #4748 T, DLtk — 0 el i 0]
FER o T EC R, 7EFE LLaMA 3.1 405BFER (|
SCOFACEE N 10M) AT, %05 A0 L4 HBM 5 %%,
Tk dET T 6.14 4%, RERERTT 1 2.691%

3) 3D DRAM + HBF 2844 . %7 07 HBM, JEit 5
3D DRAM PNM £ R %54, FIH HBF 5k 2% 3D DRAM 75 it
AN JE (R

2.4 FETHARUEAGIIAFA T —REOR

BRUAE it 241G MRAM . ReRAM, PCRAM. FeRAM
AR B RNEAEAEBOR, WK 6 (a) PR, EAGLL R R
1) FE%E R T SRAM, HZETFRESRA, MUY R
EChH UL FHEL; 2) B ALER AT SRAM 5 eFlash Z 1],
Hrf MRAM 5 ReRAM f TARZEf7 it &% (PCM) 5ERHLIZ%L

HBF | HBM

HBF HBF xPU
HBF | HBM

HBF xPU HBF
HBF | HBM

HBM HBM xPU
HBF | HBM

HBM || HBF

HBM || HBF HBF HBF
3D DRAM

HBM | HBF

(a) HBFEIREED) HBM

DRAM: niSHENIZENTSfESs HBF:. SH50fsiges HBM: SHHfziEss

(b) xPU-HBM-HBF

(¢) 3D DRAM+HBF

xPU: J2i5es 2N

B5 HBFEBENARE
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BE——EETH 2B XUHPE =

ZEmBE/
SRAM MRAM ReRAM PCM FeFET (Mb/men’) REREIEET
SR <1ns <1mns 100 ns 150 ns 175 ns I [ 5F
S | <0.1n =il l 20] 6nJ 0.1nJ i %ﬁr
gaE| B If 15 16 15 s
=2BE | & i = = 05 B~ opam cim
/A >10'° >10° 10° 107 10" 5 B8R/

04 08 12 16 ~ (TOPS/mm?)

() SRAM SHESHENRBVRBIBIRNLE

CIM: SAITE

FeFET: ZREBIZRNEAE  PCM: 1ELEE:8

(b) SRAM CIM SEFHTHIFME CIM BIRBISRNTE

MRAM: BFEBENIFENTSESS  ReRAM: BHUBEN|ZEUSHEES  TOPS: SGWDILIIRIE

SRAM: BEBBH =S

M6 SRAM SHEFZHENMFNTLREZE CMBA

NS (FeFET); 3) AR5y RMAAETCAUE IET, #38
DIFERAK, o MRAM 5 ReRAM fIi T PCM; 4) MRAM 5
ReRAM # Xf PCM 5 FeFET, 5 B #h 4 & AL ¥ 2k 5 1k
(CMOS) T ZAfeAs Pk,

AT, A7 MRAM 5 ReRAM 5E fi7 F At eFlash (%
ARINIE, AEEE NECTMb) %R, E8A4RT 405
g (MCU) . S FHH 22 nm ReRAM 7 5 B i A= 72
B, 12 nm ReRAM S E ARG UE ; = BT+ T 2026 452
P8 nm MRAM fi 77

1€ CIM A0 /716, MRAM il ReRAM #H%% T PCM Al Fe -
FET, {E5 R 55 YR8 I BARF, MRS 5280 0 &
(I RERL, Hdr: 1) MRAM 5 CMOS T. 23 &b w iy,
A HTEF CIM S ; 2) ReRAMZEHITRI L, FESMINA
JE T 2IELLBRASAL, BRI IR Z R E RN, KRR
T PR CIM, H: TR T B L T R e 5 B R e
e M AR ESARMAAE L TR A i, F—5
R IR AN, e (MAC) B5P,

MET, LA SR BRI AR R B TR R Y A
—REAR ., E 6 (b) FiR, BT SRAMIE B #D
PF], FEAS SRR MBS AP0 P i, ARRAT
2025 4E7E Nature |3 T H:T 544 RRAM 5 SRAM i CIM Al
NGAE PR, 7E ResNet—20 Fil MobileNet-V2 |43 51 5231
T 40.91 TFLOPS/W 5 28.63 TFLOPS/W [RERL. Kk, BEH
W o N UER 2115 g S o= 12 B2 N 0 = o7 R N 011 (O]
T R 5 5 B 1) SR BRARAE A A . N, 2026
AETEERE [EPREZSH %2 (1SSCC) b P RFBE i H iy T
BB RS (CTT) Ry, R 7Ef s B & g S
FAEHE T, DAERCE 20 sk

IHFEE—EEARER

MFAPR, A SCHXAER IR AR AR TR AR
SAZER o AR BRI R B IR R R
AR WOFROCHHEAR, BEIRCAH RS
HA.

4 RESRE

TP —REE AR R 28 2 0% LLM 58 GEIR (Agent) N
FHTEG AT SHRAL T ZFER A . BEERITRIRL
BRI EEE K S I S B 35 2%, o5 AR {4 5 O v
LU Rl 7ok, R 2 )R IRIRE TR, S RRHR
k.

1) FPE—RER DR, B A A TOUE LA [ B 3 2 K
i, = RIS A S 2 EAR R R, B,
TEZFAAARA LM R G A7 A — ARG TE O BBk R
e, piltn, FElR— RGP ARHA] “SRAM CIM + 3D DRAM”
5 “SRAM CIM + B A7 6% CIM” A9 SF A 77 B 280,
SRAM 4b B S 7 0] 1) Jy 8 sh A8 85080, K i S B A4 T
KA DRAM a5l 2% FE R R A Bl SRR, I
T2 B — A 5 () ) BV BE R AE AR

2) R SRR R G E . AR, AR
—RBAR G SR | Chiplet B4 RO & R RIS 2
TS TEBR A SCHEIAR s AERE IR E i, A7 — 1k
WA STTRERE . B4 BRI B IR D[R]
Ak, JelFPeE B ™ M RERR I . AR TE Gl 3 2R B
FRGEHDIFBEITAE T

3) FRUE PR o B A A 2 T A I A
BN, THERERERZ . RER50R 20550
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XA &

x4 BEAAEAEBEE

&R RARE FRiHE BEREZS MR AEE
EERMFDIHNES) WS, TE NSRS
SRAM CIM d-Matrix Corsair Chiplet.  *2[EF SRAMBE , BRIFEESH M1, SBISRAM CIM INZ %
[SEEESEE MB0 B R AR NS DRAM PNMEAR, T ESENEIRS 58—
RN ES , BRI 255 N —HR Ak
GEEANFDONZS , TERNNEHRIZS
SRAM SRAM Pl Groa s LRLNSambanova . 5 SRAM S, (2% Die ST  SHEARENE N OB
Cerebras WSE—3 RS ; BT A S BEHERISE , M RENBERE NENEE; Kok
BER NN IR R SSRE DB
EEMFANINZS
SRAM PNM AMD MI300/M1400 <R32 S 3D AN AIPLER , B4 DRAM PNM, SRAM PNM F-A
BEMIRA FRRL Al BSR4
=2 HBM PIM, RBAETE RN IR
DRAM PIM SKBNLGDDRPIMAD  ~ZRFENEBHET GEMVITE,; BEME SN EE ™~ BARghit
LPDDR PIM TS
= = SEEEMFNZS , 2ESMASESHmNTE2IRA
pRam ~ DRAMPNM:25D HBMIES) BHBMAES NEBBase .5 06 e 5ims HEMBRBEEHD A BEGIT .26
I B G0 a5 a5 haEiT
d-Matrix IGEEE T—N - E5lEEErs, eSASE 555 . KFEN 2R
DRAM PNM 3D DRAM FRBJIRDREET AR «WTF 3D FHREANERAR DT EXRE S, TR E T
Pl =i
Nor Flash CIM RZEWTM2101 -QESEAEENHRN)ED(RDFEZDS
et BB RIS R S SEEEE DN T HBM S1E4 SSD 28
as N g gz BUBTRUSEER
Nand Flash PNM:HBF  INBFIRDTOESIES | myenemer HBFIGnEssIert s IR s
SRR
{ZFBRIE ReRAM-CIMR @& Im/ & GRS
FHEHE FUTEHE CIM BN RAZ BBREE RS <HEIBMEXRIINADIGIE, B2 BER; BEMRAIZ0EA

ESRR

R, BERFEOIER

CIM: ZPRITE

DRAM: B7SHENIEESiESs
GDDR: BFISEIERKIZiE23
GEMV. EFREE-OSRE

HBF: SHHNGE
HBM. SH5E88

LPU. 1BSAMNEETT

fezsia). RS mmfra AR g i it . &
S B RAF AR A s T AR g AL . BT TH
PEBE N L, ST S — R AR R SR )=
A7 —URAE  BENE AR TR A 00 ATHESR , SCBRUAE (B ] |
AR TE R AR
4) PO EEA S YNE o AR RE AR — TR B R
S5EAE . ST SRS et REER KL
MRS R G T AR, 7 & 211 1 B UM R shiz
ARSI 58 2 S ) R RRASEE b Fr) DG4
LA T T LI S R R 2 A
R, VARG EIA A (TCO) Fefthy et ks
LN BbR, A PEEEME . AU AT K AR
M550, BURIRE LT SRAM, DRAM. Flash KB
RIFEREI Z AP — R R 57 . Aok, g2
SRIIFAEN TR . RGO 5 B F LR (4 B
], AR R R L R ae e s AR S b ), A7 0 —
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LPDDR: {RIFENSHIERE DI oDSHEN 3 héss

PIM: 1ZPRAME
PNM: ITEAME
SRAM: EHSPENZE=ESS
SSD. ESERE

TRA B IS R R 2R B SR KB 7, R BE R
NTRER) 238 b 5 B I f B I SRl

Brigt
SEUTRDINTH TR THOARA IR R R B L 200 e
SO A TERR )

SEE
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Abstract: A Wi—Fi gesture recognition method based on Attention Mechanism Enhanced Residual Network (AM—RES) is proposed, termed AM-—
WiGeR (AM—-RES based Wi-Fi Gesture Recognition). Channel state information (CSI) collected from widely deployed Wi—Fi devices is utilized, from
which Doppler frequency shift (DFS) is extracted as the feature source. Through conjugate matrix multiplication, antenna pair selection, and phase
offset elimination, vector parameters that can effectively characterize gesture information are extracted from the DFS, and the corresponding DFS
spectrogram features are further obtained via short—time Fourier transform. The DFS spectrogram features are then fed into the AM—RES model for
human gesture recognition. Experimental results demonstrate that, compared with existing methods, the proposed AM-WiGeR method achieves
an average recognition accuracy of 96.22% for gestures performed in different orientations, indicating satisfactory gesture recognition performance.
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