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IRELHZBA (Mixture-of-Experts, MoE) LUFGELIHTE LA token HYTHE &, (Hunfll #E
M e A, RN B THEAE. KV cache ST, YRR R T Y3 N 72
HEHVERE H Router 5 10]. #BRAERGIRTT. FRaHak s Ao py Badb g, [ E Bl s — 2 AE R
WM DL 85 TAE. A SLIM-ARC, —£T ] N AE3Z PRGN R S50 MoE #EMUZITIN . HA%
ORI B MM PN SR S mDSCR B E 5E B AA SC PR ER T NR
AR A AL

SLIM-ARC MDA 2kl BN 5 1/0. AEERA mmap. K CPU repack,
FEAHE Prefill/Decode Wy Bie i R ; MoE 2 2 RERFIE)Z Router 5 EHN L%, L
generation token X555 SLpRikdF, XPESIR TR e B N FR T A T 4 Bl R)Z DL cgroup
JEH GE—1/0 FE BRI R & R MBEL RN s KV 52456 KR KV, StreamingLLM
eviction Fl FlashAttention, FE{KK BT XNESIHTHEIFME. B0 BRI RREE, BT
FALITI IR, TG & TAE WUR MR H 0 A AR . RS —AMIROE S i)
Agent Harness, @it % IEMRRIRST 5 ETFCE O F PSR ZER Shell 4] 248 TR E
EFES

SLIG 78 55 x86/WSL. RK3588. Raspberry Pi 5. Mac/Colima Fl14£4 HiDevLab aarch64 35,
#1238 WSL [ & [R5z, SLIM-ARC 7E 8 GiB T ¥ 80B #% Decode M 0.08 $27} % 0.43 token/s;
& & 32 GiB warm-cache & [f] F, FlashAttention auto X ¥ Decode M 3.01 $£F+% 5.16 token/s.
48.41 GB B Qwen3-Next-80B-A3B Q4_K_M ¥ Mac/Colima #] 2GiB. 4 vCPU. no-swap 2544
T oS, AE KT Prefill 3.908455 token/s il Decode 0.709095 token/s. RK3588 ) 3 GiB
cgroup SLHH, SLIM-ARC ¥4 Decode M 0.70 $2F+% 2.21token/s; FH—HRrBiHmIEN ., #&
MADV_RANDOM £:3% 80B #EFH[% ZE 0.44/0.26 token/s, TRy Bt 1& B SKIG K E £ 2.84/1.40 token /s,
Raspberry Pi 5 HJ18 776 528 H, shared/hot ZRIFF M demand-paging 2% ¥ Decode $25
14.16%. wall time [&{% 6.58%; 16 MiB P A/EFH IS PR weight 1/0 FEAI% 98.44% . 45
R, il MoE RALLAURIEI Be. WAEE ST BRI T i &bk, HAN
SR TR A A AN RE B SR & T F

e TRNATE RO ASRI: BRI SHBUG CREER: N R
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1 55

KIEF AR H SHEF BN SO R EE, B rRAE. KV cache HIGNZE £
IS 2 RN AT T L A BN FE . MoE #8YjE i Router A token #EHF/DRE LK,
HRTE T EENT RSHE (1,2]. R, WEiEIFAS A 3E B YN AR 5 SR
VTR AEAEA A T, DU AF LIRAE RS T 50 TAE, Prefill 5 Decode X HA ANH #1759
B BB, BT NAKFIFEGE IR Z IR EEARTC , IS MoE A R4 b8, TR
SE L RE S MR DL AR 2R e 4 0]
WA TAEMMAREHR. FLPE. HEEE. KV SHARAPITYIN . FlexInfer B3
SRR (R LR (3] Powerlnfer-2 BLADRL 217 FIHUR % S8 AE T-HLER [4);
KTransformers ¥ MoE #4& % XKt #] CPU/GPU JA4g#h4T [5]. FlashAttention. PagedAt-
tention Fll StreamingLLM M|\ Attention 1/O. KV 23 BUHIK FH H 3 6k iz 47 B 744 [6-8].
X TAEER T INFEE RSB E, HiRM CPU-only REEAMFELE =M IS B A TTdl
W& By B ARG A48 77 1), Router FMEE RS ARG 1/0 5L, J5 & P 514
He S e = A ) A i A o
SO FT Y R I FE AU BRI EE . Router BRI KIE XIRTIR T, 18 MoE Fi
GBS A AT SR B N A S AR 0], TR R 247 I RE BB TEAS ] i 0 1 A% b kR G 3 R
SLIM-ARC ¥ A A7 B A T4l 2 B2 R s A7 I 3l « RG89 1R0 Prefill, Decode 5 MoE
Decode B, FHRAEZHFN Router 5B ABIETIN; LhrikF2ikE, RELHm T H5IRE,
DA 5 2 SE B NI, IFTE R AP E RPN R T E TR . f— PSS ENE. %
K5 KV B2, 55 R ge g MRLesh e 2 5 W4aE e 4% o
AL FEETTERAN T
o PRH—EU BRI AL E D D7, B mmap. CPU repack. JUEL. EZLHHCR
FERERFEIN A — B3t IFEd RK3588 My fathifb 5 sh AR Su go ik iy B k) 43 i b 22
o

o it Router IRz MoE &R EH M. RLELL generation token SRR 535, *f
IR T R A e AL T HaR BN R DT, JfLL cgroup ). IR%E EWMA. &5 BRI
G — AR

o LB FTERIBITING FATT A AR TAEBNS RN A FE bR 2L, fi kb A= i 8 1
HEIT R BRI S BIREmRESH S T it

o T x86. RK3588. Raspberry Pi 5. Mac/Colima Fl4g 4 aarch64 i) SZI6 44 25 o WSL F: 5L
595 8 GiB [H]4 A Decode 0.08—0.43 token /s LL K [E %€ 32 GiB & F K 3.01—5.16 token/s
) Attention JHfl; HFELIGH— G 48.41 GB FHAYE 2 GiB no-swap HEEH Al 21T
PE. 3GiB RK3588. Zh&TIE. BMELRIEE S 1/0 HSR &N

o LA HIEFTN P E R NN Agent Harness, Bl #EEMRS . B TFCHET. HiH i
SFEANZ IR Shell il 240 THAE, (EAKIIREHINRE WS TPS i,

ORI, it LIS EIEREI. F2TNEE R MR TESHRINN: HE3THEH
SLIM-ARC B RSuicit; 4T TR SCHURBEAEIE R S50 17l 500 IRl 5 i &
B ZB6715 R E5 MR TERIARR TAE. SeR S 58 TN TR TRt % o
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2 WEMR. MK TAEEHF L
2.1 HHRANA
211 S LLM HEBEH P {41

sl LLM 30 N fE 5ok SRR EE . KV cache. 1341 I FIHRAE 2 45 01 22 77 2L R A4 B o
BRI T e A Bt A SO 32, KV cache [l B R SCRBEMEHC, il ) ok 58 0 o 355 - S BILRH 2 A2 T
B . XF 48.41 GB ) Qwen3-Next-80B-A3B Q4K M, M¥B N iR HI % 2-8 GiB i, ]
RELE AR R I 4 R GE HRBIRSE SO WU« demand paging F1 5T 47 A Wiz TAFE4E . Linux
cgroup v2 2 memory.max. memory.current 5 memory.peak Z A MMME, v TSR S0
P NFELIH 9]

llama.cpp kA GGUF WEE mmap MR, FRA SO TC T A 2 B4 N (10,
mmap H R BB, B RYT RS A REfi R major page fault FFMAF# . posix_madvise
Fl madvise BT RN FEIR SEQUENTIAL.RANDOM.NORMAL.WILLNEED 5§ DONT-
NEED 45 [ [11]. X245 12 best-effort #275: BATIA LKA readahead FIGTZAEA TR, A
ARIEEAR A I B35, O ABCR R EE R

2.1.2 MoE Router 5% %ijjH]

MoE 2414 Router. T routed experts FlI A fEIELERY shared expert, Router #R$ token
AR BEL R %8, FHIER top-k TR PUT [1,2]. Qwen3-Next-80B-A3B 1544 routed experts,
M4 token HiEHH/DRELHK [12], XML RNERLGWGE TS, EMFEME AT Router 45
R JEA AL eGSR BRI T IR . 52 S TN, AR B <o
SRAAN 1/O FTTEAT 5 o

LRk BIAT SR BE— 25 BRI T SR BE . — N B R Y)A ATREAS R TUR/NR RS A, 1 R DT
e S MAR L R s, XA A B DONTNEED W] GBS wii M . Bk, %
& LR IESK B A B R VE . TR ID Mihb kA U A A, R S AL TR KN B 5
1T

2.1.3 Prefill. Decode 5 FFX

Prefill —RALFLL M token, JEHHEZHMBRMIALER Attention TAELE; Decode 47
HPEE—A /D token, MEDTRIPEEG AT, MoE LREFETEMb. Wi BATHARE. B il
RN F TR 1/0 MBS O AR . #1938 Qwen3-4B Y Phase 2c S35 CUH I Prefill B3
Decode [H13R 15.2-21.6% B34k, 16 BB —35 5] g A~ RE ) I R AL P AN B B

KV cache J& 57— M K %42, PagedAttention it 43 TTH KV NF [7], KVQuant 5
KIVI 5K Eudr KV £7R [13,14], StreamingLLM jlijd attention sink 5 & 157 i fa & Wik
SRR (8]0 XLy GANEIRTT AR 514 FEAK LT SCH R INTE . J5 & Bl K T3 N 7 AR
ERVIR
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2.2 HRTAE
2.2.1 REHRSNFERER

FlexcInfer 53 MAHER FR 3K B ORRE . SR 525 BB, 3 0 A A AT B B A 7
BRI GERAT (3]0 Powerlnfer &5 Powerlnfer-2 I MZ TLHIBMBIIE. H0% 4 AT FIADEL 217
RS CPU. GPU SUAfF EASURR ) [4,15]. XU RGEN], HURE LI RIRE %
&SRR WA £, SLIM-ARC 43X —FUN . {8 HARFRBELL CPU-only llama.cpp. POSIX
mmap AUEHADLAEME N, BT LTSI GPU kernel 5% il NVMe i E iR
.

2.2.2 MoE £ZHill. ZiF5HE

MoE-Prism MR R ZE 0 R M BETHE AT 31 B L R EA 5 WAFBEZ MR [16]; ProMoE
il FH SR AF AR % K5 AR [17); KTransformers Y408 % 5 BF| CPU/GPU FEAt 74
IKZ, [5]o EcoSpec MBHURIGHI % . K37 % K I B HUMBURAS I N TR BERAE (18] XL TAFSL
FHHT, ERYEBARME—SA, FINERERCHEE. ZOMA 1/0 UEGRR SIHHRESRME
o

SLIM-ARC AMRAINZHTH Router, WABBIRIGL Kk RGMAEA Router 45R4E
ML, R BEEMTERER AT AR 5 BRI T KB TAERE L
ARSI AR PRI GE 5% J DT BT s 0 O B o e RS TR AT A S0 ) ) ik 2 o

2.2.3 KV M52k

FlashAttention i@l I/O-aware tiling J8/> Attention X} & EFFEMEHIF ] [6]; StreamingLLM.
H20. SnapKV Fl InfLLM 43 5] A attention sink. heavy hitter. $g7/~HH & EREFIFMEE_E T SCic g4l
K5 KV TAES [8,19-21], SLIM-ARC A KV g4_ 0. StreamingL.LM eviction Fl FlashAttention
BRARUT X LE T 1), PR BN TBNGE — S IR o A SCHY EZERUF AL TAE 5 % R T B s
KV 538 THRGERE T ER RS, ARG TR

2.2.4 B AR 4

GPTQ. AWQ FlIl SmoothQuant MALE B #iE 73 i H & AR BEALTE [22-24] ARELARR
CEIZ BRSNS 1/0 717, EAREAMKAE CPU kernel. A B FE 2 A7 7EALH o
SLIM-ARC Ll Q4_K_M fERHRIEEMR, K 1Q4_XS MNP RS Je& /A GSMBK
H B TRS BERS: . BRI T A AT BRIATT 6o ARSI BRIk 2 7, 18T IS ) “fa IR 4t R e
REZ A

2.3 R

R R EHR TAER AR T U2 T e CPU-only 2 4 Hh 2 [m] fig H i 0] o

—, [ E T S B BRI % . Prefill BIiF33 5 Decode HIREH:E & E A [H
readahead; NVMe. Mgl FUSE/USB XFEALER i1 AT Al - RK3588 Li2s RANDOM
1) 46 fE AR i, K —d s E R AR B 5 — R &SI A I,

B TRBMLMAEB A IE . [ & B b 8 R DLORIE Bl s . FIRERE TS
TZAFFAEAEBNSGY , BB FIAS B IR, oo M sl KA T gE A 55 1/0 Wik, RAEFEE
T I T S2hR Router 4551 BN B/ R 7] —4E K

5 6 5, k40 7T
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B=, WFES 1/0 FALHg— BB, SEWE. £R A TRIEFM KV cache L=
[l — I NS AR . RSBy KR T, JRReEhRel s il ekt b R ae ik mliR . it
e, AR BB, BT I IR AR [ R AR I AR

S0, Ja A RAL A IR B A A R B . T worker. Router hook 55 A5 i} 3% 15 ][] —
bk BEFESJRARIEE S IC R ANG STEARRIEIZ . I PA T R IBOR B 38 0 T 7= A B 2 ik sl R A
Ui VEREMLE S A FE Mk B A5 ASURN 45 35038 SRR G A 2 T 2 Bk

PR 14X 6 [ G 21 SLIM-ARC P3¢ b M) B0 S0 30 0IE o 2% Wl 56F -t 2 5 4 355 9 (R 2 Uk 4 -
3T MR B, B4 A ] 52 3 lama.cpp SumffgAE", 5555 H & WAL s A
R TEMREE AT T AR

~

e ~ s N r

Pl: WrB55 4B viv 4R D1: By BRSBTS A K | E1: RK3588 375 MADV:
fy & Mac/Pi % i

- .

J/ = J

J

e R e N ' 7
P2: Router BUMAHRINHE /0 | [ D2: Byl WM. FcHEEE | B2 Mac BURMm: Pi 55
S IR %

J . J . J

e N e 0 e 1)
P3: IE. #R5 KV %445 D3: EOBEMGE B 5% | |E3: 3/2GiB cgroup. 5
— B IR N 1/0

- J/ = J - J

(pa: Rafs st | (D goupa. maman | (B4 pRem. s Sasis |

JHIRS A | gl 17
. J . J . J
Bl 1 BRETIAE. RGBT SE LI E - [A] A6 B 26 2R o
£ 1 BRI S MR B R R

T 5T I BT FEIHIE

M B 5 e 2 5% MrBstiles. s MADV. &#5K  RK3588 #H4S/3AX M, Mac/Pi weight
% prefetch J i) 45 5

TR S /0 JR%%  Router token. FHIRTIMI. £KFE  Mac A18-A24; Pi A26-A34; [ HEhRE
i b

GRS Gi—WisE. BN KV/HH5hR  RK3588 3GiB; Mac 2GiB; Pi 16 MiB Hif:

A E 5 & model-owned runtime. fl%]. H5  C++/sanitizer Y. patched FgFr. &K &KiE
A T

FEZRMAE 3L Agent Harness. R R 3ZFR Shell TR 3F5 JSONL wf i
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3

3.1

SLIM-ARC ZZikif

Bt Hbn G E AN
SLIM-ARC ) A bR AEBA SO AE B3 R T A AERS . FIH MoE BIRRBRT [ I8l A Z ) 4]

BGURE B AR AT W . REMEBUERISEMTIINAS AL, WATEA AR B I A B IE A
VERIRGER . BT A DAL 806 U R0

1. BB : WERNE. kEHhk. Router top-kw KV NEHIRALE AR, TTEHZRIK
HAET TR RERE L o
2. T HI : PBCREESE, JF4E Router 455 A BAUR IS P AT DLpksh . B
THAI DI
3. MRS —: HENE. TFRNE. KV cache 5 BEESILFEZHWBNEM 1/0, FEES 5
TR KRE D .
4. BB S ME: Prefill, Decodes NVMe. [ #F FUSE/USB By A 5KHE 7T fEAH ) , 12
TSR], B RIS TR L
5. FHERIHIN: BAFY. B & SEEEG RIS SA B EA S SRS R,
CINEL 3/
XL Ji A RE 2 MU T 05 0 “FE TE A I 18D 6 A BRAGE SR T T4 m B4R [B1240 Y A b
.
o Model mmap Page cache (g R i B \
A ODEOERZOO0 i EEE
Modet Mepping Dﬁ]D__’ BEEE0000 }*% i @ T 1T
(OS Page Cache) [] Resident [ ] Free  [] Evicted ’\‘HSAt})_r»a‘gie_‘_““‘““r\flgd‘e_l_;{aiqef AAAAAA |
I ) %
(e T )
1 | g | G e
?d e Runtime owner }_’ Unified scheduler ‘: Cég B 5“’&';""’5 B :
E::::es:‘heduler {'@:} hgatok ot — @ - 15 _________ 2 ________ DDDD_
{ e — 1
© ) “:’Fzzz'b::;)“ o pre "V
Covt e '.'f seoo- [ EEE |
o CS;O;I\[;::) Memory pressure -
Heterogeneous
st || em © M <]

— Main data path ———» Page-fault / pressure signals — Successful reuse — Feedback loops

B 2: SLIM-ARC WY RZEAM . AW ARG BT I S8 8 AR P9 A7 R ) T T2 A
FEgte: TEER 1. Router HSLHIE HIA5RAT I BHE 1R BRNEZ . A S/ EEd bRt dE &
GUEELHT, RO SRR R L.
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3.2 [ B A A AR 1 el 45 o
3.2.1 mmap #HFMEHE CPU repack ¥4

AR LU 3 mmap WSS B FERR MhEZS W BRI A 48.41 GB #AIES GiB YN
R, SEPRBER i R RAFE R E . SLIM-ARC [/ 5] GGML CPU repack. repack
KPR E T IE G E kernel IEHRRIA, TEN 70 RN AT HE w5520, (HAESZ RERSE i a]
REHZ) 45 GB AE P A UGN TR . RGRE GGUF JFtafi R, T R4 Y
i TAE4E

3.2.2 Mk BeE Tl

SLIM-ARC ¥#EFE R4 AN 45 Prefill. § Prefill. 45 Decode. $ Decode F1 MoE Decode,
Prefill BH#BEHMB KNG, &&EIFMFEL; Decode HE B EHZZEL Vi, H routed
experts Figi H% token 254k, FHILTERRILR : Wy Bkl a4y BN DT, & T BARIE A7
fifi 5EH AL Decode 174,

#r75 MADV_RANDOM 235G N A% readahead. TEREHLYT FIABT L, BT ARG ORI R 0T 12
RK3588 SSD #1 FUSE/USB “#4fk#% b, ‘BT BEKHF EEF R 2R 25 /MEK . T RS SE-
QUENTIAL. NORMAL F! RANDOM 4 ml BB 3R EE, MW ASE B Et k. Prefill BRi\fHi SE-
QUENTIAL; Decode BB ELE Mac/RK3588 A (& & i, fF Raspberry Pi 184# FH
TN R — 0 e

3.2.3 RSN

iﬁﬂ:[[ﬁﬁi‘[‘ﬁﬂggfélﬂyg [lminvlmax]» Fﬁ&*ﬁ%ﬁﬁﬂgﬁuy‘j w, gﬁ l Eaﬁﬂﬂ‘i‘ii%%% EO
TR A
l S [lmirn min(lmaxy lmin + U))] (1)

ARG % N B B JUX )4 WILLNEED . % 112 MU E4ESE i demand paging

M. BrEiEss i 2 worker. window 1. [FEZEEFI latest-wins: WARHE worker SHELHI IHiE
SR BB generation Bedfe, TLEEHEN RS E FH BIE K N AS O 2 fs T B o

Algorithm 1 [y BN A FAE HUR
Require: 5 & G WrBt p. AR B,
1: (lmin; lmax) — layerfrange(G)

2 lena < Min(lmax, lmin + wp)

3: for | = I,y to lgnq do

4. for all r € merge_page_ ranges(7;) do
if bytes(r) AHEEF S B, then

o

6: advise(r, WILLNEED, policy(p, device))
7: else

8: 15k skipped bytes Jf45 1LY ik

9: end if

10: end for

11: end for
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3.3 Router JUBHHKZN ML 5 & B FE
3.3.1 TRMEMKITE MM

SLIM-ARC {# FHPUZR T F G55 o Temporal predictor f# ] _E— token [f] 2K & K4
4, popularity predictor {8 FI{RFIPEE 145 ; inline Router ¥£JR 4 Router $7 )i 37 B & A 24 7 2
AL, Y5%d cache BPTIEIR ; cross-layer Router B T —)2 gate I E, 7EY4H[)E expert FEN fIF
—J2 Attention HHIFEHTIIE T —2 top-k. RikH AR EER N MR, IF HBUE AN, Mk
TR B4R

Temporal predictor KASFAL, {HX4 NZS LUK, Cross-layer Router fEE Mac k3| 5
T, AN —IK gate matmul, B & @A RIE wall time 5. REEIRE 2R gLk
T, BRI m] R P 1A BRI s A R BN ¥E Raspberry Pi 184k b, AN B4 %H] speculative
expert prefetch, X% E €S HK) shared/hot E5K .

MoE Router Hook cross-layer expert prediction

Merged tensor mesh (512 grid cells)

E-To

Router L\ ‘

Layer N Calculation

Y Database
S Column

expert IDs AN -

X .
[e1...e10] 4 cached
IDs
Prefetched experts

Database Column in page cache
Layer N Calculation . 4’_ -
Complete b

& 3: Router WIS 852 LRI . BT ID FAGMAE R NMEEL KT, JFA F—)2 Router
1P H B R 3 4%

3.3.2 generation token H—ykph:4EE

[ — 2 DITE— M EE P EE R, J5 6 worker HA]GEMET N —IK Router MM 5E R X LA
S R R TN £ HE AN U S B i . SLIM-ARC 4Rk £ 5 B B B BE 14 ) gener-
ation token, J£¥E advice FiFi A pending itk ICREFTET. HELTR. BNLREINEIL
HF TR o

b Router g5 H455AHIE token MYk, I HRBIES ID by, RGETHHE AP RIR
B WERM. Bb Router TR st B AN, R BATUYE token, FFEC LA BT
TIFANTRE . G4 token HEELEE —IK, token 0 R TAZE HHEMIHEATIM . Z%i%iH# Router
occurrences. HREAFHI) advice bytes {#i ] [5—%8 184,

55 10 51, k40 51
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3.3.3 HRLTFRWMZLEM

LML RERT P, LhlBEEE N S, HREA W =P\ S. X4 e e W, RIS
i XK B EMLE R T HIKBRNRER L RBERR. L% ID 8BS, Hihb ik sk
TORANFER, Wk ke R IR E . SRR [a,b) BRI A

[[a/Ps1Ps, [b/ Ps] Ps), (2)

Hrp P ARGIIRAN RAIEZEM 2B FROIX A Hl DONTNEED #ilo XAEEL Al J gk
TR, WA G L KL R

] W AN R B R DD R B B AR A . RGETA AT RIS AN failure 145, BCEh I 7 K GE TR 0]
1420 0 BT o RAEBUH T AR TR, SO S ESSMAT . 512 RS BL%E Router
hook.

____________

bounded g
prefetch |

| failed/missing
| router result

____________
e CA pressure-aware
0 token a0l residency update
cancellation
A e \ [ Resident [ Prefetched [ Reclaiming
exactly-once 1 (confirmed) "~ (speculative) (DONTNEED)
¥ 1
accounting 1
___________ ’

71 wrong-page
F ground-truth
9 @ reclaim o @ settlement

EE=s

==l confirmed hit / reuse =l speculative I/O — wrong prediction reclaimed with DONTNEED — pressure feedback

B 4 BRBM. FSLGEEL 5% T BRI 3 88 5 M iR P 2R generation token TN 5 R
A Router F5L——REK; ik NE S EH, R B 2o, KMk s s m
Router £ 53815 BOH 618 58 e — IR PEie ik -

3.4 HRILY HHHRNE
3.4.1 shared expert 5 hot expert

shared expert YEfA token E3HfT, BEEWMEE FHME; routed experts B {E I token i
AR GE . RYESEH shared expert fRE —NE/NYBITTES, B LR KA 4D hot expert
cacheo TE Tmﬁﬂﬂﬂi M%) mmap GTPEFT mlock BipR W, HbKBE#IER GGUEF N

PP AT wint32 (AR, ARSI & 64 MER Router HEASK—FW, B
IE R IR R A S HEZEAF. Raspberry Pi (5L R B, 512MiB ¥ token LRU RE[R] Iy HI 4521
ot AR LFRU B3R E4> hit counter, AIHGAMAELEE =R wall time. RZERE ML SE
PR RE A F e 08/ D Bl DURNTE DR 1Y) 65 BRSO

o5 11 51, 4k 40 1T
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3.4.2  JJj 50T
JES1#E##3 L r = memory.current /memory.max 4 J§, normal. high. critical 5§, missing R4S
r > 0.85 # N high, r > 0.95 #F N critical; P& R I FIESAA, 0B EF IR . invalid.
zero max. current KT max BICR FFRSE—3E N missing, FHiHEBRIKE T4
TR B 1 B T4 FUAEAR 2, ) EWMA

E, = TWJ . (3)

E, > 600 B4 ek, WA AR T 400 J51KE o critical JE )7 FAHEN routed expert;
high 1T RIREFREMLE ; normal 4% stable. temporal. hot TR, TR R KL RE
At B, EEREEE ID P e it ik

3.5 Zi—NfiE 1/0 Bk

G—AE NS AEE Baane HA . EIMENTFEE, &KHE cgroup BFR M. 24315 H
C Fi{R¥ & R 53]
Beff = min(Bstatic’ maX(07 M—-C — R)) (4)

S R F PR SF fallback , ARG H 8B ISR SR FIR A E T BEL A o, = (s o, )
P BN E. KV 5% %K%K admission FJR:

(Bvak:vaBe) = Beffap~ (5)

# 2. 5 WU BAI s L

W B WE o, KVap, EFF o
PREFILL SHORT 60% 10% 30%
PREFILL LONG 50% 20% 30%
DECODE SHORT 70% 20% 10%
DECODE LONG 30% 60% 10%
MOE DECODE 20% 20% 60%

RN ER L R EHITF T admission: KV J#2 58 BORIE 5K LR CBEECE , 2
WAL model-owned runtime 7. [F] 45 58 B Y 2 A SARE PR o PRI G R 2R ARHI IR SR, T A2 =%
F2br I/O M EE . Raspberry Pi ) 16 MiB FSLA Z AR BE—- R, 187464 L Eh
BT R R WA MM EAE A TO S s, T IRAA 2 B

3.6 KV cache 5it&th[FE

P T PR PRI SO R T N AR IR, KV BB g e TAESERE bR SO Y 1a) 8. SLIM-
ARC ZH; q4_ 0KV, # key/value M B Fm E46 MK LR 227 ; StreamingLLM £ 8 attention
sink FURIEH T, 4 KV R O(L) £ % O(S + W): FlashAttention 7653 4 4 b >
Attention HEBEFIEE 1/0 [6,8].

o5 12 51, 4k 40 1T

\



OS kf%FE Projb9 (He38) SLIM-ARC f&HE Agent &5 OS

evicted — offloaded
to mmap temp file /

KV tokens released ; ;
@b ot
\ ~ J \ ) l‘ 7'
Y Y Y

attention sink eviction zone oW sliding window

(permanently retained) ‘e (recent W)
recycling

O(context_length) (RN Full memory usage
O(sink+window) (. ] Optimized memory usage

B 5: StreamingLLM KV eviction f{J#it~& . attention sink ;K Af#8 , H&IEHE D FENESh, |
] KV R sk s 28

REAERARETARAF BN WFFIER KV A RERIAHELE FlashAttention £fi)5), fikEu4s KV 1E
F bR SOMERL A T RE R RALTT AR . ARG LT SCREE AT A B 1R ATAH R B A2
HAEESTI 7 HIAREVERE SRS B 5t o

3.7 bz M E RS EAEH

SLIM-ARC $-454k 53 A RE A U W (R R MGG = 2K 0 55— 4045 mmap. X} repack,
Wr BB AR BT B 25 T RARERE RAL. KV Bk, KV eviction, FIHEMIEEHES: F£=
A3 FlashAttention. ZFREfCE . readahead FIFEHE 5 1/O HUTIEE 1. FIFREALRENS N ZFH
LA BT REBCAE cache KA. BRI SR

85 13 51, 4k 40 1T
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Class A optimizations Waterfall flow of synergetic relationships
45GB coldness & release (A releases — B utilizes — C accelerates)
model RAM Resources released by Class A cascade

) G Release stream into Class B, and then into Class C
problem Class B optimizations creating cascading acceleration

MADV_RANDOM REPACK=OFF

nature & compression

i Y
45GB—2GB

BoostCache  Class C optimizations
Hit Rate warmth & acceleration

’conﬂict

-
9, SN L o
7 ower Memory Demand
90{ ~

=0

C‘ce y I o~ =
Cfau: =~ ; StreamingLLM
at/on e ) FlashAttention ;;?G;TS Sviction
- KV layout -
Reduce Computation/KV Overhead  ras )/t
(oS -428 - (76 — 3.03 — 546t/s 5.16 t/s smooth generation

B 6: DAL S HAH BAE IR IR PSR A W18 A S 1R 8D R %, AUH T 3 Ik
REEAR, NREMERE N [R] — 32 4 LU AR BN :  TE U4 2R A5 1Y

ARG N EF N E . Mac IEREEMH, reclaim Fl residency IR ML IR, 1H
combined cold wall time [I3R 19.95%. XAN5RIFATE & S AUHI A 22tk , T2 od B mlc = A2 i
fault 55 2R admission TAEW] GELE R —Ky BoAH BHHBUK

3.8 ¥ifll Agent Harness §"J&

Uil Agent £ REPAT MBI THIAR . W EEE. 4hei B 58— ERINEE,
U SRR AR RN R X, B 7RI AN AR 1/0 S8 EEgRHEE BT E#E. SLIM-ARC
HE i —N 5/ Harness, %48 TR ABGESF AR R IRL N &y BABEOHERE, A8
TARSL T ZERETTHR

Harness & % 5% OpenAl-compatible endpoint, R35% 4544k Shell T.Ei{HsBiHm4& BI% . 2
5E system prefix JRZPORE , P SR BIA IR ) BB N FAFBISE, By C R UL N B p iy o o I
—ie AR T IME, F—%8 max_tokens B WLHE; 4 HAH. TAERZR. BN Wb E.
B RECHOFI ARG BhIL W] BR ) TR PR BRI SRR TR 0%, T X #erig 5 AME TR
18,

2 3: 3 Agent Harness F% 5 SRIE

iy 0] i) L BT SR L S/NUES

B MBAE SR HTTP BB IRS CLI fallback A FIERELE S
THBERY K LT FasE prefix. FATTHEE . WLIE K 8192/2048 F4F

Decode #9% AL TPS Wds T —Fe ki s 192 tokens, ik 48

T HLRHFE 4 H ke FI&H. TAEES. R LR 8s. 4KiB

LR IRE step 5 AKEENIL_F IR 4 steps. 300s

85 14 51, 4k 40 0T
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4 RZTH

5 llama.cpp HI#5EHK

SLIM-ARC £F llama.cpp %, JeFE IER, Mac 814 [f '€ upstream revision 360e134, I H %A
Y3 — K43 X 588 Nlama.cpp D, A5 M2 IE 1T I B AEE patches/11ama-upstream/,
Hi scripts/apply-slim-arc.py Sl JESCAFIFXIHEE anchor PUTRAEFALH. T EE W R
WIS A LR S, anchor SRR AR BRI, ke b A8 (b bl R 200

B IR 43 R AL) 15 R R PAT I 280 MR MY 3 58 B mmap mapping 5 tensor T 5 E T
model-owned runtime, VEMEENE. LKKER shared expert JLHHE: WPITHEEFS T AR
g runtime FH2Y), PHSE VLRI SS, 1E Router £55 7] 54554 generation, base-
line F1 patched 73 ARSI FISK, 1B77 A A28 PR B B LD_LIBRARY_PATH, JfHIZhas
AR B HIN 11ama-bench M7 H CUH) libllama. so.

4.1

# 4: SLIM-ARC FZLzaipibe

HEH

FEXR

H5E

slim-arc-runtime
slim-arc-prefetch
slim-arc-unified-scheduler
slim-arc-cgroup-memory
slim-arc-pressure-budget
slim-arc-page-range
slim-arc-expert-reclaim
slim-arc-expert-residency
slim-arc-expert-transition

slim-arc-kv-eviction

runtime owner. lease
prefetch scheduler
unified scheduler
pressure snapshot
budget planner

page range

reclaim planner
residency policy
transition model

KV manager

BRI AL W FLATINT B

FrEcHii. generation. %KAM HBELHIRR
FrEHisE. FEJIRAE WE/ L REUE TR

FEA% L cgroup v2 current/max

114 headroom. reserve GBI

b H A AR P DU

% ID. LR YR DONTNEED %)
EJI#EE RTE EWMA. SE AN

TELRE SRR B L HE 7

attention sink. sliding window LI A1

P THE R AT B ER ST % S B BAR SR AT R 2R o BRIRIX > =385 - B A B AR i Jo S
BT 2, LLJ patcher /SEBi ¥l i b A4 RS LI o

Concrete source ownership and integration flow

llama-model.cpp
model-owned runtime

page-range
interior aligned pages

slim-arc-runtime
lease + lifetime

expert-reclaim
plan DONTNEED

unified-scheduler
phase + pressure

slim-arc-prefetch
queue + token ledger

——

expert-r@sidency
pressure, policy

T~ —

apply-slim-arc.py
idempotent patch seam

KV eviction
window + sink

macOS harness
cgroup + provenance

Solid arrows: ownership/call path  Upward arrows: patching and experiment control

P’ 7: SLIM-ARC HJRFG#ES. Fra s i I . EJ5 AR BUR B AT A, w2l
WAL TSmO, BERA KV B, FUrm s Ah T 5 5o i .

55 15 51, 4k 40 1T
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4.2 BIRIFTA RS kA a0

LI S P P SRR 4 ) B 25 A mmap registry. %450 TE TSR S )5 & worker RS
ViU, A 2 SR AR AR AR R A BS54 1T SEIHE runtime £E% 11ama_model: : impl
PR o AR RS A B S8 S runtime 0% s SR )FORIE runtime 7E mappings Z
HATA4 o

B PATEE AR 215 EE . 23K E move-only lease, runtime §5EGHHKKIAT: AT
IRHL registry FREER. HELEHT lease. 454§ in-flight lease I j#AN worker {51k, join 2HFLFE.
AR ) B AR bR TERRTRE TR, R R SRR R . I A AR E B
E557 7T REAsAT 9P EFE R —A owner Ko

11ama_model runtime_owner graph thread prefetch worker mmap pages
1% M mapping/tensor
| -

acquire lease

REGTER PR

<
|

Hish WILLNEED / DONTNEED

'

Router ZA5L + generation

<«

begin destruction

FELAHT lease

%ff in-flight W%
stop + join workers
AR

Fei¥ mappings Fr

B 8: BRI P ATAN 5 %5 il A d I o 24T IAE mmap Z )R 7E mmap ZHTATH: B
A T RS R AR AEAT AL Lease FIIIET A i JH JHIPA

4.3 IWRWEEE RIS

Tl worker fff FIA FERBAF o HAMEREE generation. 25 &I J5 B T TE B AR 45 i
8o producer TEGLN KA B M A SR IE K, worker 7R A TSI A NI . [ Jo R BiP
1T posix_madvise. #f[F] generation ANE#EFIA~ worker B 4HL; BAF Tk BHAR B i 2 A X 2 55
IHA G RS FELHIE K, FFH4 dropped/stale $8#r.

LIRS ML BRI Router ID £5¢5K & E—48 ik $EF pending generation #B
TSN B I AP I ; candidate selection. page-range planning FH 2 4t i B S 7ESAMIAT - advice 58
5L generation U & AT I F T . AN token-aware settle 215 1F—4% pending
5% RIMELTE Router 15 B A unconditional cancel JEELF A token, G 64 NRIBESIKFER
pending FfR.

22 H X S5 SRR AR B R i - NI T slim-arc-prefetch.cpp:issue_expert_willneed
T &AL, cache_router_experts i3 H 545, cancel _expert_prefetch AR 52 RAE IR - 4l
RB 4 5] FUTHE] slim-arc-page-range.cpp-slim-arc-expert-reclaim.cpp &5 slim-arc-expert-residency.
cppo FEMRGEVAN seam 7] DITERRTCIA AN, HBE WA RIS page cache HRIS.

£ 40 11
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Algorithm 2 [P FIBUR . 45555 FKC 0

1: L + runtime.acquire_ lease()

2. q < snapshot(layer, candidates, budget, pressure) {4 & HIME}
3: g < reserve generation(q)

4: issued < advise_outside_lock(q, WILLNEED)

5: if JiA: Router I HiRIFIHEMERKES S then

6:  (hit,waste) < settle_once(yg, S, issued)

7. plan < build_reclaim plan(issued \ S)
8:  advise_outside_lock(plan, DONTNEED)
9:  update_residency(S, pressure, waste)
10: else
11:  cancel_once(g)

12: end if

4.4 TEREL U SR

U F AR F B 4T sysconf (LSC_PAGESIZE), Kyilf Wi A/NAIE HAE 2 MR gk ik
B LR BT F T A checked /saturating arithmetic, @AY E WILLNEED 7554 %
AR DT, FEUILE AT iR E R DONTNEED HAE R 5 ut, Bk X . XmA~J7 A
B

55— TR K+ E ) BR 455745 8 132 B o SLIM_ARC_TOTAL _BUDGET_MB f})- &k 5l g 16-1,048,576 MiB,

e A B S IFIRE P s BRIN . cgroup TR AT [ 5 1 BESEHUR from_chars Mg, FEALZSME.
BREFAE 8. REHMA—3 current/max. WA ENIEFE skipped bytes; advice Zeliit
errno AHSRIFEL, (HAEHERE M.

1=
|

>

4.5 IafrificE# O

Fr A SEER AR A I A opt-in FFORSEIL, Rk EEHRFEIRA MR . ROFIIRES I E B E ;
ST A AR run manifest {R1F o

#£ 5 BEEEBEITHCE

LhkE B

SR Wy B R SLIM_ARC_DISABLE. DYNAMIC_MADV. DECODE_MADV. SLOW_STORAGE
U NO_PREFETCH, NO_WEIGHT_PREFETCH. NO_EXPERT_PREFETCH
TR EXPERT_CONF. EXPERT_POP. INLINE_ROUTER. CROSS_LAYER_TOPK
LR SEH SHARED_MLOCK. EXPERT_HOT_MB. EXPERT_HOT_LRU. EXPERT_HOT_LFRU
[ 5 EXPERT_RECLAIM_WASTE. EXPERT_RESIDENCY. PRESSURE_ADMISSION
T A TOTAL_BUDGET_MB. EXPERT_PIPELINE_MB. DECODE_THREADS

4.6  EEAFLHEERERE

x86/WSL: IJREHL5ZRIEE. x86/WSL BBtz cgroup v2 fiE. HBIE L. mmap. K
M repack. KV q4_0. FlashAttention FIFIAETIREE AR ZRGPREE A T IEAE A 70 K T 1) 3 ) #7 I
MR IR A . R BO R ER T IAT I ARSI LAE 3 —SGE Bk 3l . R 2k
BOR AT HT IR R B R H &

o5 17 51, 4k 40 1T
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RK3588: MEGABINBIMBERR. RK3588 f 4xAT6+4xA55 [ aarch64 SoC. #J¥k SOB |
PUY, #ERGERE SSD f1l mmap 7E 8 GB YN 7 FizfT, {H##E RANDOM B B8 TR .
SEIRE J5 B0y B s 22 AT it Decode MADV : Prefill it SEQUENTIAL J5 4k i 72 5L,
Decode 7E SEQUENTIAL/NORMAL 2 [AI#R ¥ 5250, J5 8@t ' 4% systemd scope 1]
3-5GiB cgroup, Ff-H memory.current #iHFRAM 5.10 PIAZER/D memory . peak HFR o

Mac/Colima: A EHMMKHNGFERIE. Mac SLEiEf77E ARM64 Colima VM N Linux 8%,
VM fic'& %4 8 vCPU/16 GiB, benchmark Z&#3 R | 1-4 GiB 1 CPU %, memory.swap.max=0,
%% runner 7EFATHI G RTE cgroup. GNU time. llama-bench JSON Fl runtime metrics. baseline-
first IRFE BB E )G, HWEREIEPE commit. build context hash. patched tree hash. %Y
SHA #1 image ID B A\ manifest, #E%[a] 44 tag S5 1REFEHETT Y A/B,

Raspberry Pi 5: {B{EEi%4&5KM . Raspberry Pi b i 4 #% A76. 4GiB N{ELL & USB f4#
By NTFS-3G/FUSE. %480 2 U2 58 LR, T [ B4 FUSE fil USB bridge
R EIEIR. RS A SLI shared expert mlock. resident-only hot cache. 16 MiB A%,
weight /expert prefetch Ji7 FF%. % token LRU FICHFZ% expert advice. LI Ak 7 LFRU. —
A EAN . NTFS3 mmap FIEHT SO, R MG TR TE. Bl 1/0 Sl ™ #% R
R o

44 HiDevLab: aarch64 n[fHK{2. HiDevLab J#57 H 3% IR E R DM 2 Ascend 910B4,
{Hi /D528 CANN /torch_npu I 5. ATH B ABN RGWS, WA 5 HEMELSER NPU
JERE. SRR RSO MBI, T H 2RI lama.cpp aarch64 CPU-only 42, JFLI
OLMoE Q2_K #1f7 baseline. patched-default FIZF T 58 A/B. Z%52IHEN POSIX M2
K, A%[RT NPU kernel &t

4.7 3 Agent Harness SZ3f

Harness {i T scripts/agent/edge_agent.py. IERJEE#E T OpenAl-compatible HTTP end-
point % i% 1 BIFARHT SSE 4% H AR {"tool”: "shell”, "args”:[...1} 8 {"final”:"..."}.
THRBHELL argv HAE N subprocess, AJEH shell=True; F2JFp4. MM AR LIEH RS
R B AR TED AT R IIE

RO RE SE R € system prefix, TR E TR AN P THA I RASLERE T
JEREW P DR — A A TPS B, KT 2.0 token/s B3 0.65, Ak 48 tokens. &4
AR R BRSO Bk tokens 1ERFER. TTET Ffli% TPS; THRFMHLFE argyv. &M
. FERT. Hy K EMEWbrE. CLI fallback f8FINAEISWr, (HEETEMBHE, RSHFHEREL
o

4.8 8k MK S5EHLH

patched R 45 A4 HH— 457 schema FRASH) [SLIM-ARC-RUNTIME] 17, - Brfuf5 - mAH
WK/ & H/BRid =35 expert issue/hit/waste. pending 5 stale iR VITEEIA I BIf5ELE/H
F /B /R SRR AEA /HEN / Bk /fallback FIEJIRZS . fATESHELEE 1T RTFB. R
Bt JETEd i ; baseline (50 A% H %47 o

£ 40 11
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C++ HIoIiR & &% page range. pressure budget. prefetch budget. expert reclaim. expert
residency. unified pressure Fl runtime lifecycle, 3£7] J§ A ASan/UBSan., Python i % 3% patcher
F&% . Mac controller. runtime metrics. evidence aggregation fil Agent Harness, SZEGIZ{T40 4
RIS A RS Bilg Sy WEIRIRMI. workload FHJEiMR% . (ERMGH G —FT#0RE
FXF R H 3% o

%19 71, 340 W
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5 LI SHERS T
5.1 SRRE
5.1.1 5L

S B ST L R TT . RQL ARSI K THIBE N A7 1) MoE #AIRERAE no-swap Z& 11 T 58
AR s RQ2 AR5 Ky BURN DU BCRE 75 MR RIS Y DA fifk . RQ3 Kl % %Pl 3R [l
FITG AR R F LA . RQ4 73T 768 A IR IR AR I S5 A8 SR . RQS5 BiiE
BT RET IR B AR aarch6d PG, FHhuml Agent F2HELHREMIER.

5.1.2  fifk Gk ERE

ROPIMTLREIT A FRTAM CPU. SRS BRI EREAR , 55 e
Befr FBUE. R workload HUHRZAEIRA I FEHLTF .

# 6. SWFA

A=) CPU/M# P e ot B &g =il

WSL/x86 i9-13900H, 8-32 GiB cgroup NVMe, cgroup v2 WIFEILLR. k. KV/FA 5 P58 ik

RK3588 4xXA76+4xA55, 7.8GB SSD %) 2.1GB/s; 2.5-5GiB user s MADV. 3 GiB F525 . K EFXXf%
scope ESitll

Mac/Colima ARM64 VM 8 vCPU/16 GiB AA 1-4 GiB, swap 0 2 GiB IERERE. HURIE A SER

Raspberry Pi 5 4xAT6, 4GiB USB NTFS-3G/FUSE, iz{7# no- 1EEAETEE . . LRU IS R4 28
swap

HiDevLab aarch64; 910B4 R a7 H, llama.cpp CPU-only POSIX A M/N MoE A/B

5.1.3 B, TAERAERSH

FHAIN Qwen3-Next-80B-A3B-Instruct Q4 KM, SCfFE R/ 48,410,988,384 B, HFEfE E
SHA-256 7 d103b2733ec1012a52d01edda66b7e5¢c24ae50508c9f99f5297ead59ef3c061a, Qwen3-4B
FT Dense #4k. KV 5 FlashAttention; OLMoE-1B-7B T/ MoE Router ££§&F1 HiDevLab
A/B. #1%8 1Q4_XS RV T EALLF .

llama-bench FJ Prefill (pp) Fl1 Decode (tg) #JPL token/s 7R~ ; wall time #/R524% benchmark
Bl o PNAE A B4 cgroup memory . peak/current 53EFE RSS, W& A EHH. 1/0 54155 major
faults. file-system input. weight/expert issued bytes. skipped bytes I in-flight peak; &K{gHn
f14%5 samples. hit. waste. reclaim. residency Fl pressure JR7Z%. cold. warm. mixed cache 43 JF
IR

IER Mac 46 E 80B Q4_K M. 2GiB. 4 CPU. swap 0. pp64/tgl6, F N HECEPATH
% cold/warm, #£ 20 k. RK3588 [ 3 GiB L4 [ % 80B. 4 threads. pp128/tgb4. KV q4 0.
MemorySwapMax 0. Pi #J 80B FF#%1[# & 4 threads. pp16/tg16. USB/FUSE. iz{7# no-swap.
Hofth TAF SAZAERT B 3 BAR T

5.2 FgLLE
5.2.1 x86/WSL: 5% .0:fe 50k 5

¥I3EH JAE Intel 19-13900H. 32GB DDR5. NVMe SSD i Ubuntu 22.04/WSL2 352 37
80B #EHIELLL, I cgroup v2 #43E 8. 16 FI 32 GiB ZR4MAF. % F BRI PITUL ORI : H—,
g SLIM-ARC fE S {ERERICIF BE R T A7 LIRIFEE Decode; HZ, T E R, 17

55 20 5T, k40 0T
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Y FlashAttention QSR A FEFT X ARSI g8 sem IfJE B X L4558, & YE Mac.
RK3588 Fll Raspberry Pi 5 EiE—4556 H S & &I R

T4 8GIB FHALF A FFCA 4R . pp4/tgl A, SLIM-ARC ¥ Prefill )\ 0.22 £
0.25 token /s, ¥ Decode M 0.08 $2 %5 %] 0.43 token/s, Decode $&Ft 437.5% . TER K pp16/tgs & [FH
H1, Decode M 0.08 #2755 2] 0.29 token/s, $2FF 262.5%; ik [F I, Prefill A 0.63 [&Z 0.28 token/s.
J5 B VLR L Decode MW AR AN REAMIES] %54 Prefill, By BCiRA 54 B BORE & 225, AR
SEELA T

# 7: WSL 8 GiB T £ [F] 80B FLhf 44

=G B Prefill Decode Decode £
pp4/tgl baseline 0.22 0.08 reference
pp4/tgl SLIM-ARC 0.25 0.43 +437.5%
ppl6/tgd  baseline 0.63 0.08 reference

ppl6/tgd SLIM-ARC  0.28 0.29 +262.5%

WA S B R e T 78 HAELLE]. %8, 1Q4_XS 7E 16 GiB FikZ|
Decode 2.27 +0.38 token/s, £ 32 GiB Fik%] 3.03 +0.29 token/s; [i]— 32 GiB 41 Q4_K_M
2.68 & 0.23 token/s. IQ4 XS ¥R SOk H2) 45 GB I E]4) 40 GB, fifi 32 GiB I EREE T H
ZNET . =R TRmEARMRLD R, A5 8GiB BLX LW P R e — 52

# 8: WSL NF%5E. &Bikig5 80B Fit
pes iRy S0y ZFE  Prefill Decode

16 GiB 1Q4_XS 8 - 2.27+£0.38
32GiB  IQ4_XS 8 4.44+1.53 3.03+0.29
32GiIB Q4 K M 38 - 2.68 £0.23

YERE £ 32 GiB. 8 threads. KV g4 0 1 warm cache [ Attention JHgih, K8 H B shikEn
Decode 24 3.01 token/s, -fa on ik%| 3.90, -fa auto j5%F] 5.16 token/s, #HX} 3.01 $2FF 71.4%. %
SEU R, UAER DI RIS, Attention 1/O 2 ORI EZIFHY . THAERI G REMB ARSI &
PR X ] R A i o

(a) 8 GiB 4T Decode  (b) At HRALK il (c) 32 GiB FA JHijk
0.43 .
pp4/tgl @ 0G4 TY FA off
3.03

32G 1Q4 —9 FA on
0.29
pp16/tgd L]

2.68 16
32G Q4 -9 FA auto
» token/s » Decode » Decode
0.0 0.1 0.2 0.3 0.4 0 1 2 3 0 1 2 3 4

] 9: WSL H196E 500 = ME R 4 AT baseline SLIM-ARC B i AR
KRB . WO MR 70 [ A4 R FlashAttention Wi =
AU B 4 A RS .

o5 21 51, 4k 40 0T
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WSL ESLIR TR T o8 B Rk 8 GiB JiC X 45 S50 1iE U1 B TE 5 N 72 20 3R T RE A8 28 3
Decode; 16-32 GiB £5 3R R A5 BRI S R/ LR e fa g ik s [ % 32 GiB #) Attention
TH R B MALEE 1/0 #BEIE T 1/0. X — W S T I8 MBI 3 & 1b5RmE - Mac
FFRAEE /NP FE L 5L, RK3588 FIFIIEM B vi @i, Raspberry Pi 5 I FIIFE 7% N
IERE 55

5.2.2 48.41 GB Ei#flff 2 GiB no-swap ¥H¥EHiztT

Mac/Colima [ 8 A 12 HIERFEFE 20/20 &3, BB ER cgroup peak ¥ik%E| 2 GiB, {H#%
H OOM Fll swap. 8 H 17 HALEIZIE cold cache. 4 CPU. pp64/tgl16 Fll A24 it E FRINEH,
Prefill #3 3.908455 token/s, Decode 2 0.709095 token/s, wall time 58.06s, major faults 402,118,
IBATIET 816 NMEFKHA, expert advice/issued/waste ¥4 0, JEMIZE AL % 5 FiHAY e .78
RAGHR PR

%E B RQL: mmap 5 page-cache 2 AR SCA ] L KT cgroup EFR, no-swap
FERBOR A FANEH IE . KA KBRS, Fl 2 GiB 85 RER T is M E
FEIRNF, SRR SRS A 2 GiB.

5.2.3 RK3588 3 GiB cgroup 5

FL BN K SE ) F1-F5 5256, 3 GiB F baseline Decode 24 0.70 token/s; SLIM-ARC ik
F] 2.21 token/s, $&FF 216% (3.16 %), Prefill M 3.85 ¢ 5% 4.40 token/s. H4fl KV eviction J5
53k %) 4.19/2.12 token/s, i BH%E TAE AZRAD B 5ok B AR TURRE, ik KV K% .

% 9: RK3588 ZRNTEESLE (80B, 4 threads, ppl28/tgb4, swap 0)

MemMax JiitHE Prefill Decode #HX}[A$Y baseline
3GiB baseline 3.85 0.70  reference
3GiB SLIM-ARC 4.40 2.21 pp +14%, tg +216%
3GiB SLIM-ARC + KV eviction 4.19 2.12  pp +9%, tg +203%
2.5 GiB baseline 3.97 1.91 reference
2.5 GiB SLIM-ARC + KV eviction 4.26 221 pp +7%, tg +16%
(a) Throughput under the 3 GiB contract (b) Paired baseline-to-system response
6x10°
2.0 14 =@- baseline
3 GiB baseline o o 15 4x10° 0= StARC
3x10°
4.40 % i 2x10° SS
3 GiB SLIM-ARC - +14% 2 % \\\
3 5 N
g AN
10° 4 \\\\
2.5 GiB SLIM-ARC - i \\\'
6x107"
Pr:efill Decode Préﬁll Declode

K 10: RK3588 3 GiB cgroup A H—{b 1 A IR B -5 BE T ma b 1 o 2 ] ) i S el 240 o) o ok D i) A2 444
25, A ETEXHE E B R baseline 3] SLIM-ARC #Y Prefill/Decode iF#% .

94522 51, 4k 40 1T
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Memory
pressure

3 GiB cgroup |
— . =S . Evict
48.41 GB mmap - : Pagecache | .t---% []
s ;i > Bog.,
DEEEE > (HNE EN)
ODOOOEO0O EEEEE-E ;|DDE-EE 1 Fault
Storage NEREEEE i |000 OO «---@EE-BE—>| Rksssacry
2 DENEERDE | HEE N
ODOoODCDCom E !
iy oo
4 j i =
N RN ; 3 Evict ool
OOOl | Dynamic phase poli
= *ﬁik; > %Bg%g| ; Reuse
- 11 ~@0 | ~—goo-gn—
L L‘__‘/IDEII]DD BN ooo DD‘

f D Pages brought in |:| Pages scanned D Pages reused :
| and evicted sequentially from cache

11: RK3588 3GiB 5 [E 1 FHYBTT FIALE . ##Z5 RANDOM KR 94 I vt 430 5 [7] A ik
B; By BORMSAE Prefill 847 P43, FHAE Decode HERFI S FI 0T, A RBSIHE, BfE
EI10J 4.

2.5 GiB baseline f{J#.yk Decode i T 3 GiB baseline, #{iH{ page-cache #JIGIRAFNGE
SRR B SER B8l %07 U 2.5 GIB YN ELEL . ARESR LA S P 7RI LA A fi
% OOM, WK IR A MEZAFZE B .

5.2.4 RK3588 #h&T &k E

¥4 RANDOM Hy45 TAE R A A 0.44/0.26 token /s, 25 SLIM-ARC 2 2.74/1.41, Prefill
%A SEQUENTIAL J542 %] 2.82token/s, {H Decode f£#; RANDOM K45 A 0.25; Decode
¥ SEQUENTIAL J5ik%] 2.81/1.35, &k ai#4 SEQUENTIAL J 2.84/1.40, 528 Hkic%E
GE/NE] 0-4%. X ST RLEE ELHAIE AR BeifUi MR “SLIM-ARC JF 8k %" e 1 4558 .

Z 10: RK3588 @4 MADV jHEh (80B, p32/nl6/t4)

W Prefill Decode f#R:

#75 RANDOM 0.44 0.26 T E) B AR 25 /N ik
] SLIM-ARC 2.74 1.41 upstream reference

Prefill SEQUENTIAL / Decode RANDOM 2.82 0.25 HIRHEE Prefill

Decode SEQUENTIAL 2.81 1.35 %% Decode

Decode NORMAL 2.57 1.41  Decode ¢, Prefill %
#i#4 SEQUENTIAL 2.84 1.40  {RBHIEF7I BB reference

545 23 51, 4k 40 10T
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(a) Strategy-response matrix (b) Recovery trajectory by phase
Static RANDOM
] = R I
. 2.74 1.41 15
Disabled ref. 1.00x 1.00% |
- 1.0 = 0.8
3
&
N 2.82 - b3 =]
Prefl" SEQ ] o _ 05 E 3
S £ 06
- 0.0 2 B
k] N
Decode SEQ - 12'6831 01_9:355,( % g
S 0.4
1=
Decode NORMAL - 0%7, 11_b401X -0.5
0.2 [ | within £5% of reference
Dynamic all-SEQ - 2.84 1.40 =@~ Prefill / ref.
V! 1.04x 0.99x Decode / ref.
T T 0.0 T T T T T T
Prefill Decode \*) & 3 3e N\ Q
Y ¢S o o F A

12: RK3588 Bl T 3 130 ) SR e M 7 3 B8 R VR S b . BB 52 Prefill RSEEVKE Decode; ¥4
r BERIE Y S E| Decode J5, WA M 7 PN reference B £5% X[l

5.2.5 Raspberry Pi 5 1815453525

P RAZ 0 SR B KT e Jhy “ O ¥ W e 52 P D045 LR TEMC R et A24 SR AT expert prefetch
J5 24 0.201104/0.055614 token /s.547 s, A28 fill \ shared expert 4 resident hot512 J5ik %] 0.204023/0.063486
511s, H Decode +14.16% wall —6.58%. A29 ¥ S FiHEFRH A 16 MiB, issued/in-flight weight
bytes ¥y5/b 98.44% , FHIELIAZ . A32 524 R weight prefetch 5 wall 505s; A34 ] 512 MiB
% token LRU k%] Decode 0.065856. wall 503 s,

7% 11: Raspberry Pi 5 H18 170 SR e 3k

W5 KR Prefill Decode  Wall(s)
A24  no expert prefetch 0.201104 0.055614 547.0
A26  resident hot512 0.200578 0.060726 522.5
A28  shared + hot512 0.204023 0.063486 511.0
A29 A28 + 16 MiB budget 0.204283 0.063585 510.5
A32  no weight prefetch 0.203642 0.065246 505.0

A34  512MiB cross-token LRU  0.203585 0.065856 503.0

H i Decode Pareto kX : Tt Decode. 4 Wall
T A32: no wétgt rergetgken LRU

s e

.065
.062 A29: 16 MiB
¢ A26
AZ0 s
AR
059 HARTT 1)
.056 —
HiE Wall
550s 540s 530s 520s 510s 500s

& 13: Raspberry Pi 5 ff] Decode-Wall 2 HFr Pareto B, FAUYE. <M WS TEUFIEE token
LRU fRABIZ 17 e 4 BA .

945 24 51, 440 1T
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S LR & RQ4: RK3588 3 GiB 15 H ) it B AR PHGE S R4}l ; Pi ¥y FUSE/USB
S DU B S5 S AU S I DT P ¥R mmap FNSIASHUR] . AE 5L SRNE 7 16 AT o

5.3 JHELLE:
5.3.1 Mac IERHLEI4RE

Mac FLECEM%E cold/warm HIZEHGILE SR i1 hash ZFEH) finals-results. json A . AL
E ) memory . peak #{ 4 2 GiB, H AT ASREIEHIE(E N 7K. cold 5T reclaim A%} patched-
control Y wall g3 4.39%. Decode 25 6.31%, HEMH%EHR 0, 2L AEEH AT DONTNEED;
residency fX M3 0.21% wall; combined wall [B]38 19.95% Ff#fE4i. warm 54T baseline T
patched-control, #E—JiHLZ AR R LASCEHET -

# 12: [ Mac 2GiB/4 vCPU /no-swap Wil FHIF R A 458 (H finals-results.json JRA) o

fi 2247 WEMHNTE (GiB)  Wall (s) Decode (t/s) HRiR% (B)
baseline cold 2.000 69.530 0.600 0
baseline warm 2.000 53.535 1.232 0
patched-control cold 2.000 66.300 0.689 0
patched-control warm 2.000 60.300 0.821 0
patched-reclaim cold 2.000 63.390 0.732 0
patched-reclaim warm 2.000 58.080 0.844 0
patched-residency  cold 2.000 66.160 0.692 0
patched-residency  warm 2.000 63.190 0.712 0
patched-combined cold 2.000 79.525 0.668 0
patched-combined warm 2.000 63.265 0.760 0

% 13: % cache-separated promotion gate A HITHRE/r2R (] finals-results.json JRA) o

L cold warm 58S
GREZ M kept _opt_in kept opt_in kept opt_in
LRI kept_opt_in kept_opt_in kept_opt_in
1A R rejected kept_opt_in rejected

finals-results.json SHA-256: 843b54ada66bfeadd52ec55efchf8f91b592d588chffbo204efc40400196c655
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Wall time: Witk S00i%k Decode: FigethzE 5
— cold warm
. 50 60 L0 80 90 0.5 efe 0.7 0.9 1.1 1.3
baseline
control * e
. o—j—o ofo
reclaim
residency ok *
combined *
i ORI IRIRE . BRI o= 2, AR EAE X E

K 14: Mac 2 GiB IEAEFERI IS IX IE o cold 5 warm 43 FF IR, A RIEH wall J3IF1 warm
i ) S A T T AT O

5.3.2 LHEHI. ITHEEHH

RK3588 {4 temporal predictor #ERFZERFy 34.9%, BHEE T 4] 2% HIFENLSZH 4.5% [ spatial
predictor, confidence gating ¥ expert issued M 27,836.7 MB [ = 12,123.6 MB, hit rate M 31.05%
&3 55.35%, #ELRFFZ) 1.9 token/s; confidence 55 budget &K% 54.00% hit il 2.1 token /s,
M, popular-16 ¥ issued ¥EHNF] 72,634.4 MB. hit f&& 19.31%, HIL#IEL.

Mac A18 #] inline Router + hot512 FH X} X} B3k Decode +10.35% wall —7.77%; A20 layer-
local pipeline ¥4 fault [#{% 4.09%. 1/0 &% 5.10%, {H Prefill [Fi8 2.10%; A22 cross-layer Router
Top2 HIAr 2K 88.56%, Decode +9.96% wall —7.77%, B0 B ALFFANERE. A24 %
expert speculative prefetch ff] =#H1 {3 %5 4 Prefill +10.66%+ Decode +22.45%. wall —15.72%,
HITEIZ A TR NRUAME R 1/0 BRIt A2 -

5.3.3 ZF%. readahead 5@ A ETHEL

Mac A4 ¥4 Prefill/Decode ¥R 8/6, Decode $1H 20.23%. wall f#f% 5.91%; A10 gE—4
Wik 6 4 Decode ZiFEJE wall H5HEMHAHTH A, A1l AY 128/192/256 KiB readahead JE K Pareto
BIHS, Al6 ¥ sustained 256 KiB B & {# Prefill 325 13.39%. Decode $2£ 5 2.10%. wall &% 6.39%.
GSHA RS, B Pif RK3588 EERE AN

A32/A33 AR £ ] : Mac | weight prefetch on A Decode 1.083. wall 92.19s, off
% 1.022/96.14s; Pi I on/off wall #%) 5055, T off 4 T 60.59 MiB #1 1/O. Z%HILAE
WRIE, WAE -5 RIME.

5.3.4 KYV. FlashAttention 5584t

RK3588 Qwen3-4B I FlashAttention auto HJ Decode 4 6.90token/s, RG24 3.49, #HiHA
ARM /MERI Attention M52 45 R KV q4 0 2 5.05, & R CF REMFFHH@E L T8 1
. FIEE 0B K T AL iil KV eviction 7E 8192-16384 context ] LLF&E AT, {H 4GiB
cgroup fiJ 4096/8192 Prompt 7£ 600s PNIYAR5ER, Prefill, JiHRAE#HTT 5 K Prompt i, M
I OOM,

55 26 51, k40 0T
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1Q4 XS {ERIFE B/ B AMERISCAFFI B m A7 A, 2 GSMBSK 10 #if35] 0/10; Q4 K M
+ KV q4_0 4 5/10, Qwen3-4B Q4_K_ M Jy 15/20. HEAKAEA E LLLS HIESXNE BEHESR , (HZ2 L
FHAE 1Q4_ XS SABRIATT 5

5.3.5 R4 ik

Self-draft speculative decoding ¥ 80B Decode M 3.01 [F=E 1.41token/s (—53.2%) , accept
rate 33.3%, HILAFIHEANTL. Mac expert RANDOM ¥ Decode M 0.801 & ZE 0.262. wall M
55.90 B4 FE 96.42s; expert NORMAL ,[H3E. Pi fy LFRU {# wall ¥4/ 1.50%, ¥y ENfH
Prefill R4 54%, NTFS3 B direct-read 57.28%, E.5Z mmap Prefill #ITF[& 65.70%, exact
expert fadvise fj —0.2517%. XLEEL5 AL BB, JRFR cache. 98B 48HR A B 21 vy ]
o

(a) Prediction hit rate and /0 (b) Attention / KV path (c) Rejected optimizations

temporal 4 r ) FA auto - I I @ Self-draft - [ 2

spatial - { ]
expert RANDOM - @
confidence : : L ) FA off 4 o

Pi LFRU - [ ]
conf.+budget 1

popular-16 - L ) KV q4_0 NTFS3 mmap § @=
T T726 GB issued ¥ T T T T T T T
0 20 40 0 2 4 6 -60 -40 -20 0

expert hit rate (%) Decode token/s end-to-end regression (%)

B 15: HRLSEI B4R A BRBM G P SEML /O MEKE 4 H: FlashAttention 5
KV &bxt ARM Decode HI52MA: 47 HimE]bntabn i s fift. B S UER R — LR A R N T
BAEE -

5.4 RHELIWM G LK

RK3588 £ E N JENEMWF. RK3588 [ I N XA R FE p512/n128 Rk %F] 6.09/2.08 token/s,
A F A2 6.33/2.15.3 GiB RSS #h il , baseline VmHWM 4324 MB, SLIM-ARC 7 3986 MB,
SLIM-ARC + KV eviction 2 3951 MB; =" user scope F{] memory.current #fil & 3072MB., H
T DUAT RETHBR B SN session cgroup, #FE RSS KT scope current, P ANRE H AR BN A
R NAE

4B HEXFUEH, baseline Generation ¥J{E# 4.52 token/s, SLIM-ARC + KV eviction 4 5.20
(+15%), Prompt FEAFRE; H1 Bie4Hi N5 shell echo -e artifact, FILgEE A% ME, 4 GiB.
5 GiB Fl3f-% FE 75286 85 B R Decode +13.3%. +15.7% F1 +5.8%, 234 [H DL o

Raspberry Pi 5 ##iE 5FElR. A34 512MiB LRU fX}|H cache ¥ hits 325 6.53%.
evictions F&{% 36.31%; 384 MiB fifi evictions FHX} A34 ¥4hn 121.10%. A37 LFRU #3584 cache
counter ¥ 3%, #{# nonresident scan ¥f 56.33% FEALE . A49 top-8 AN} A50 top-10 TEEAIK
pp4/tgl Ht Prefill +17.56%. Decode +10.53% wall —3.30%, {H—MiEAFEATEX 5 3,
PRI LR B A BE T 2 B I T R

HiDevLab aarch64 CPU-only 3£%;, HiDevLab ¥f3E#fi\ aarch64. Ascend 910B4 32 GiB
HBM FIuksh v #cs, {H RS 6/ DICEL CANN toolkit. libascendcl.so Fl5E%#% torch_npu. K IbE

85 27 51, 4k 40 0T
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BE szt il Bl OLMOoE-1B-7B Q2_ K fj llama.cpp CPU-only g4, [E%E 16 threads. pp64/tgl6. 3
repetitions Fl] warm cache,

baseline 24 100.724597/51.340323 token /s.wall 3.2546 s ; patched-default 4 101.175889/45.254024.
3.415535s; A24 43 100.602680/48.184150+ 3.373611s. A24 A%} patched-default ffJ Decode 25
6.47%, HAHX}EAE baseline {3k 6.15% . %45 RIUERH POSIX MAEAI #oAE, WiiHH 2.56 GB /M
BIYEN A7 2R warm cache B A5 AL 5T 7 7=4E R G AS -

(a) Same-contract effect matrix (b) Decode-effect forest
WSL 8 GiB A
WSL8GIB-4 +13.6% — — .+437vs%
RK3GiBH +14.3% — — 10 o RK3GiB + Q.5
°
=l
5 )
RK 2.5 GiB 4 +7.3% +15.7% — — . 5 RK 2.5 GiB 4 " 57%

10" o
2
kst
[

Mac reclaim cold 4 — +6.3% +4.4% +0.0% = Mac reclaim cold 4 mm—

8 +6.3%

0 15}
2
[
]

; i o % 6% _ a
Pi A28 vs A24 +1.5% +14.2% pC S Pi A28 vs A24 | ® 1429
_101 +14.2%
HiDev A24 vs baseline -0.1% -3.7% —
HiDev A24 vs baseline - 51%°
T

T T T T
Prefill 1 Decode 1 Wall | RSS ¢ -10° 0 107 102
Decode effect (%) — symlog

Bl 16: P58 Rl A R AERE S Decode LM ARMKIET o 22 FTER-Be o MR [F] Hh 4w AT 1) 07 1 A2
A R AR IR B 2 FRRIA A RIS T RS, AR B ek F g

¥ Agent Harness JRESLH .  #EVEAH endpoint B4R Bl uname -m T.Ei#3K , Harness 7E
B2 PR A H SR AT BRI , 55 4R MR 20 28 o ARG FLR B 1.999 token /s, fil & max_tokens
192 [EE 124; FHRREALTHE, RIKTHE 48, TERELA 0, i AREN .. F17EREZR
JSONL =A%,

B 17: Agent Harness 5. ZRR Shell FUXLI EIEPHIR . %R IEDhRE . MR, MUEE
5z 80B TPS ik .

55 28 i, 4k 40 1T
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5.5 LZEEEIRSH

LI R DUIUEAR LS 18, 55—, mmap. KP repack FUIZZEAFEA I 48.41 GB #EAIGEMETE
2-8 GiB HEEH 21T ‘M1 5 “ RN EF T AR Bir. 5, TUEBURES by B i o
€ : RK3588 HZhZs SEQUENTIAL jHER T ## 2 RANDOM fafifh, Pi IHE— 25 5% P HAL R .
f=, BREMPCEZHMERGHE, MBI 1/0 HAmHER HREAREE;
A22 E Al popular-16 L5 RE T HX— 5. B0, AAYUHILAEFEIE. Mac combined Hj
FLHE. KV g4 0 78 ARM /MR FRIZRER LERU W) a4 B ui8H,  JEuR e s I fe br A e
H 3 B S b ) o

SLIM-ARC 38 1E 13 5% M ITEN AR T 5 W D 6 0UR 8 i I 2 & H) . ilan RK3588
3GiB 1 Pi 4GiB 1254%; ERNERE. BAE /NG warm cache ] HiDevLab OLMoE g,
BATRHE AT R TR . R G I RIS OR B oD B AR BC B, 4 00 45 SR A i I VS Bl Y
—HR5ro

) 25 BT 55 174

RN
A

WA BRI )V NG AR E

Raspberry Pi 5 FEPIEE— 4B K 3588 3 GiB
shared/hot #3E: 3¢ P Bk ™A% R4 W Btk SEQUENTIAL; 4 #HilK
#AHL1/0 5 KV

A
1/0 K

WAETER /M FET 8K 1/0 Ry

HiDevLab OLMoE Mac/Colima 2 GiB
BRIASK P v B T s (R B T RS ARLIR AR 21T HAKETREHE
(& Ui

> AT R

P 18: i Se NN B A SRS e XA T RS B A ik HE AL . TRAE AR 5 1R Sk AR
s 2R SRS - 5 FE TR A BALRUA B R AR R R E S IR, AR R
BEGISTT I EBIT Y

54529 51, k40 0T

\



OS PkhkFE Proj59 (HL3) SLIM-ARC W Agent Z%E OS

6 4 RRPESARR T
6.1 TAEE%

ASCHE I SE LT ) AR S2 BR 0 R SR MoE Bz 7 SLIM-ARC., REEHEHMBL Router
Vi AL — AN AW R A2 PR A R W DU B DA B B B i AR A DR, )2
%5 Router {55 £, F—WHEMEIRSHREREN, FPr Router 5 REEF v HIR, 5
WRE R BB FR I L2 B, shared/hot %K MITEB & R VFIRIHEANARIEE £5 . mmap. K
M repack. KV g4 0, StreamingLLM eviction il FlashAttention 551 ¥4 3 [5] 7 5 75 5 i) s ) 4
PR

TAESLHKE AT I R TR &, FF DS EPAT R # . A5 generation PAF.
BIAPRER BN AR TR % LR RIS SR bR P REATL i E AT B ) A i J) S R0 U9 T
L% 4 patcher. A7 baseline/patched #gt. #8 551G K. cgroup LR LRI
[ AP P B E B wifl] Agent Harness #—5uil], LEZRTRAE LS HHERS . %1
T HHPEAISZ R Shell AR M [R]— % J7 B Fro

6.2 EEIELEE

#IFE WSL E L5 H b T ARG MBI AR 8GiB F&F T Decode M 0.08 #215
F] 0.43 token/s, [ 32 GiB warm-cache & [F F FlashAttention auto ¥ Decode M 3.01 #2715 F|
5.16 token /s PLFESLL0 i f5 OG0 IIEY " 2 5E " AS N 2RI AT 1 48.41 GB BEAYTE Mac/Colima
2GiB. 4 CPU. no-swap #8552 i ; RK3588 [ 3 GiB cgroup F5ZE¥ Decode M 0.70 27
£ 2.21token/s, HyEIHRIOK# A RANDOM f 0.44/0.26 %55 F] 2.84/1.40 token/s; Raspberry
Pi 5 I shared/hot %5 IEEHX A24 ¥ Decode #2155 14.16%. wall [&{% 6.58%, 16 MiB Fis4 ik
— AL weight I/0 FEAIK 98.44% . XL R4 AR A FEMERESE LR . MR FTIZ1T1E. BN
1~ Wy B R 22 R AR A7 S T2k R

M REFEFE T RSB R . Mac IEF 464 combined cold wall 538 19.95%, HiDevLab
OLMOoE A24 {51 i A= baseline 18 6.15%, RK3588/Pi Y expert RANDOM. popular-16. LFRU.
NTFS3 mmap FIHEE7 S FIAR = A nn B il a5 . BT P&, A4 direct-read i
TE B ML E AR ER A R ARIC I A R Y wall 57k &

6.3  JRfRIE

SLIM-ARC {AEEM T RS . 85—, POSIX Tl & best-effort, PN#% readahead. cgroup
page-cache if%%. FUSE. USB bridge ¥ %5 N #PEIFE SIS SLFRR ;. T6 root 45 LAY cold
cache JREIEAIMIIE . 55—, FHIRE R A X 55 Se B U , PRSP HBBRIE i 8 STRA AR J&y, &
MR TR % . S5=, pressure. waste Hl popularity F{ER B #fiE M TN, MATEE L8
B FH AR workload FAGHE. BPU, Y4H1FEERAZ R CPU-only llama.cpp; HiDevLab H
ISSIF aarch64 A FSMETE, A58 CANN/NPU kernel. HBM/DDR 4325 910B 1 RETEMN o

S LR ) 1 451858 EE - Mac 1E R A WS cold/warm , fir A HLE ARl & 2 GiB cgroup
EFR, W FEIERIE R N $59 RK3588 Fl Pi fifk R MIREHKIETT, N FREHNHEHE
HHUHIER; GSMSK il top-k FUEK EFEAAJE LIGE RS BEORIIE . B5 B 45 RASRE B IS — 0
#o
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6.4 RATAE

Ja S TAE¥ I e RE 0% B E IR 4 token EEUE R 77 MBI o 55—, X routed experts #F47iELEFT
AR R L, FBEP Routers Norm. Attention 5 shared expert, 7 read bytes/token.
HFHMFEENBEEE. =, EEYE routing trace F % per-layer LRU. LRU-K. ARC
workload-aware replacement, ﬁ%éﬁﬁﬂ‘ﬁ?ﬁ cache hit JEFKME . F=, EFEERBEMEZIK A/B i@
)5, P &R, expert top-k« PEU pruning 8¢5 EcoSpec 28 pANRAR 45 A& 1L ERE . 55T,
YEM ST, Ascend FFIEE 7. CANN /torch_npu s AEE Tif2, X4 CPU & . FH13 HBM i
i&F1 NPU & Bs. H, DIESCumMIBR 52 i Agent Harness JF /RS2, ML 4ALS5
AN B EL. B F 3L tokeny TTFT. & wall time FI THAERE S,

SR, SLIM-ARC MTTERAE—AN B E /Y madvise 24f, M2 —EUBRMEIE. #IER
GEVUH AT IR A L R SRR BT IN . HAR LM, RIRAAE T A5 MoE i
A DUSTT R R B A AR , (S SR A Z0 15 TEI R B AR R D RN T it e i ] R
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A BEIRHEESEIEE

Al EHRSERS BRI

R I ORAF AT A I RN T I T A58 a5, AR Sl s fl oy U2k A REAHHEH. =
BRASEZU L eI B ok B HafT, HAREDEHEIER—PLH; C RIAETERERE
PR EHARBR. BEAUHESCHRE SRR, UHTHEAEN; D KIERWE. 12175
TR, AR B AR s .

Jii A Prefill/Decode ¥JLL token/s FiRno $&FHERNTER KA. FRE. FZERS. F5E IR
il [a] workload PN, cold 5 warm. Q4 K M 5 IQ4_XS. CPU-only 5 NPU. cgroup peak
EifE RSS YA EHAR . R4 7 220 B a5 5 U T S sl L) e o

A2 BUBSHE AT

14 SCu Y

il St =ik /KN Jiched

Qwen3-4B Dense Q4_K_M, %4 2.4GB IMERL, KV/FA. Pi/RK Htitsg

OLMoE-1B-7B MoE, 64 #% 8 Q4_K_ M # 4.2GB; Q2_K Router ##5 HiDevLab A/B
2.56 GB

Qwen3-Next-80B-A3B MoE, 512 experts Q4_K_M, 48,410,988,384 B e AT

Qwen3-Next-80B-A3B MoE 1Q4_XS, %4 40GB MIERAIRE . JEBIA

# 15 B 5 E R

" M/ bR i T2

WSL/x86 8-32 GiB cgroup NVMe WESh 1/O. 17
RK3588 7.8 GB; 2.5-5GiB scope SSD Zj 2.1GB/s ARM #.11. NEWTE. fault
Mac/Colima 1-4 GiB. swap 0 RS A page fault. CPU ffifl

Pi5 4 GiB. 217 no-swap USB NTFS/FUSE FUSE #:R 5 [ 451
HiDevLab aarch64; 32 GiB HBM W #% CPU-only 525 IR A B R

A.3  ¥4& WSL/x86 ¥

% 16: 80B WSL Jj Az 45 5

& i & Prefill Decode R

8 GiB, pp4/tgl baseline 0.22 0.08 B 2% reference

8 GiB, pp4/tgl SLIM-ARC 0.25 0.43 Decode +437.5%, {XfRi%& R

8 GiB, ppl6/tgd baseline 0.63 0.08 B 2 reference

8 GiB, ppl6/tg4 SLIM-ARC 0.28 0.29 Prefill —56%, Decode +262.5%
16 GiB, pp4/tgl SLIM-ARC 0.17 0.38  Jili & baseline

P s szas oY 0.08 il 5.16 token/s 4373k B AR NTE 247 BALFN FlashAttention &R, A
R ATHASG —un Bl a2, RIGFIRLTE 5 5O/ B 45 A W R AR 45 51 o
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AT WAL BRI RIS FE A A
i HR i

IQ4_XS, 16GiB/8 #
IQ4_XS, 32GiB/8 #

Decode 2.27 £ 0.38 tg6d, B 2%
Prefill 4.44 + 1.53, Decode B %

3.03 +0.29
1Q4_XS + FA auto, 32 GiB warm 12.99/5.16 A5 cold baseline HF
Q4_K_M, 16GiB Prefill 1.96 £ 0.82 pp128, tg M
Q4_K_M, 32GiB Decode 2.68 & 0.23 tg48

Qwen3-4B, 2GiB+1 #% Decode 2.58 & 0.17 /IR A A
OLMOoE, 2GiB+1 # Decode 8.92 4 0.94 /N MoE A7
GSMSK 4B Q4_K_M 15/20 INREA R 25
GSMS8K 80B Q4_K_M + KV 5/10 INEEA R A
qd_ 0

GSMSK 80B IQ4_XS + KV q4_0  0/10 G BE U
Self-draft speculative decoding 3.01—1.41, —53.2% Eixich

A.4 RK3588 52 B

A.4.1 /PERESHE R 80B ML
2 18: RK3588 /Mg 5 BLiH 80B %44

FEAR /A TR Fic & Prefill Decode #57F
Qwen3-4B p64/n32/t4  F16 KV, FA auto 8.57+£0.01 6.90+0.13 /MEHIZ%
Qwen3-4B p64/n32/t4 KV q4_0 83140.10 5.05+0.29 45 FF A8
Qwen3-4B p64/n32/t4  FA off 7.63+£0.04 3.49+0.69 FA Bk
OLMOoE BRI 4.3 10.7 RSS %) 4.2GB
80B p32/n16/t4 [0 v 0.39 0.23 ffifk
80B p32/n16/t4 SLIM__ARC_DISABLE 2.02 0.89 reference
80B p32/n16/t4 NO_MADV_RANDOM 1.41 0.65 Efi RANDOM
80B p32/n16/t4 NO_PREFETCH 0.37 0.24  FEELWI/N
80B p32/n16/t8 [ ZOEowi 0.89 048 LRV &
80B p32/n16/t2 et 0.23 017 LBRE

80B llama-cli M, AL /2H/NO_MADV K Prompt/Generation 435%] 0.5/0.5.
1.7/1.9 f1 1.4/1.8, RSS 7 6.29/6.26/6.50 GiB. LD_ PRELOAD F£#kiiA 5 A E52%] 45.1 GiB
1A RANDOM F1 WILLNEED,
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A.4.2 #HFE MADV. ¥ FTFXE5L5HE

# 19: RK3588 K N353 0Kmg

‘Workload [N Prefill Decode ZEit
p512/n64/t4 AL 2.43 0.43  fafifk
p512/n64/t4 DISABLE 6.35 1.96  reference
p512/n128/t4 iz Eowis 2.41 0.53  ffifk
p512/n128/t4 DISABLE 6.35 2.13  reference
context 8192/n128 et 2.44 0.53 BT

context 8192/n128 DISABLE 6.34 2.15 reference
context 16384/n128 AT 2.36 0.53  TWEfT

context 16384/n128 DISABLE 5.54 1.64 reference
p512/n128/t4 ST 6.09 2.08 i DISABLE

# 20: RK3588 & Z il Fi s 1w

it Issued(MB)  Hit rate  Decode %5

baseline 27,836.7 31.05% 1.9 reference

confidence 12,123.6 55.35% 1.9 I1/O —56%, #EFLH
budget 25,848.9 28.78% 1.9 #HMiRE

confidence + budget 12,073.5 54.00% 2.1 IR E 45 31
popular-16 72,634.4 19.31% 2.0 I/O +161%, 4y
expert ON - - 1.41 p32/nl6/t4

expert OFF - - 1.44 TBTC L 3%

Temporal predictor 24 34.9%, spatial predictor % 4.5%, FENLZ %Y 2%. BE G 48 BEMN
144 NMEFKE, 912 K Router cache. 846 ¥X cached expert FHUFI 846 Yk WILLNEED, jEBH%
SR FH e LSk A

A.4.3 3 GiB. #K Prompt. Z#XiE5E RSS

# 21: RK3588 F/G/H/R 273l

s [N MemMax Prefill Decode #4553

F1 baseline pp128/tg64 3GiB 3.85 0.70 reference

F2 SLIM-ARC 3 GiB 4.40 221 tg +216%

F3 SLIM-ARC + KV eviction 3 GiB 4.19 2.12  tg +203%

F4 baseline 2.5GiB 3.97 1.91 BRIEESh

F5 SLIM-ARC + KV eviction 2.5 GiB 4.26 2.21 tg +16%

G1/G2 4096 Prompt BL/SA+KV 4 GiB — — 600s Prefill time-
out, Jo OOM

G3/G4 8192 Prompt BL/SA+KV 4GiB - — 600s Prefill time-
out, o OOM

H1 4B % baseline 3 GiB 7.88 avg 4.52 avg H#iNA -e artifact

H2 4B F#g SA+KV 3 GiB 7.86 avg 5.20 avg Generation +15%

R3 3 GiB baseline RSS 3GiB 4.29 1.26 VmHWM 4324 MB

R4 3 GiB SLIM-ARC RSS 3GiB 4.57 1.31 VmHWM 3986 MB
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= [N MemMax Prefil Decode #55
R5 3 GiB SA+KV RSS 3GiB 4.57 1.33 VmHWM 3951 MB

R Z¥{#i ] 8 threads, 5 F %% 4 threads AEHEZEHK. =4 3GiB R 5] cgroup
memory.current ¥}z 3072 MB; 5.10 1%/ memory.peak, fHif] 0.5s 48iR)I&(HE .

A.5

Mac/Colima 52#% 5

% 22: Mac 8 [ 12 HIFE M b %k

AL Cache  Wall(s) Decode  Major faults  #ik

baseline cold 69.530 0.600242 250,177.5 reference
control cold 66.300 0.688606 406,601.5 reference
reclaim cold 63.390 0.732030 403,548 opt-in, A 0
residency cold 66.160 0.692031 403,203 opt-in
combined cold 79.525 0.667540 399,309 rejected
baseline warm 53.535 1.231783 143,727.5 reference
control warm 60.300 0.820575 331,466.5 reference
reclaim warm 58.080 0.844204 347,946 opt-in
residency warm 63.190 0.712126 350,215.5 opt-in
combined warm 63.265 0.759589 344,376.5 overall rejected

8 H 11 HAGFHHIA 2/3/4/6/8/12 GiB ¥ WK EIh, HRWEE 5 H KRR ER NI 2 GiB;
CPU BhZH 2¢ 75.06 s+ 4c 68.56 5. 6¢ 66.28 5+ 8¢ 66.72s. %2 M) patched F7R 45— N%k baseline
FE, A R E 5L baseline. cgroup/no-swap 1 CPU Hi4k.

% 23: Mac A1-A33 Ak ik

W5 Ak R P
Al latest-wins -+ pressure 2GiB cold 3.951/0.800, 57.16s; 1 GiB % {#HY
Ih
A4 Prefill 8/Decode 6 threads Decode +20.23%, wall —5.91% (73
A5 expert RANDOM Decode 0.801—0.262, wall 55.90—96.42 354
A6 expert NORMAL Decode 0.801—0.657, wall 55.90—61.08 544
AT7/A12  worker poll 50 fF 25/75/100 # 50
A8 shared expert residency Decode +3.07%, wall —5.40% opt-in
A9 MLOCK_ONFAULT Decode —3.39% 4
A10 Decode threads 5/6/7 6 threads 0.834. 55.31s i 6
All readahead 128/192/256 KiB 256 KiB Prefill 4.732. 51.77s Pareto
A13/A14 small always-used tensors & +0.11%; K —0.712% AT
Al5 shared expert sustained Decode 0.937—1.025, wall 101.87—96.36 {#%&
Al6 256 KiB sustained readahead  pp +13.39%. tg +2.10%. wall —6.39%  {&ik
Al7 graph J5 hot cache Decode —2.07% FEAL AL
A18 inline Router + hot512 tg +10.35%. wall —7.77% 32
A20 layer-local 32 MiB tg +1.03%. fault —4.09%. I/O —5.10%  opt-in
A22 cross-layer Router Top2 tg +9.96%. wall —7.77%. hit 88.56% JR A
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Y5 ik P 2iET PR
A23 online transition Top4 =ik Eh, LRREM T opt-in
A24 no expert prefetch pp +10.66%. tg +22.45%. wall —15.72% Bk
A25 no entire prefetch runtime tg —16.91%. wall +18.09% a4
A32/A33 weight prefetch on/off on 1.083/92.19s; off 1.022/96.14s Mac {3 %
on
8 B 17 HA LB #44 Prefill 3.908455+ Decode 0.709095. wall 58.06s. peak 2 GiB. Maximum

RSS 2,084,740 KiB. major faults 402,118, expert samples 816. expert advice/issued/waste 0/0/0,

A.6 Raspberry Pi 5 5585

# 24: Pi 5 ] 80B 1B 1EMK T4

PR Wzl Prefill  Decode Wall(s) PLif

A23 online transition Top4 0.200179 0.055052 550 iy

A24 no expert prefetch 0.201104 0.055614 547 BB

A26 resident hot512 0.200578  0.060726 522.5 R

A28 shared + hot512 0.204023 0.063486 511  GRFLLZ

A29 16 MiB budget 0.204283 0.063585 510.5 T1/0 —98.44%

A32 no weight prefetch 0.203642 0.065246 505 Pi fEik

A33 weight prefetch control 0.203043  0.065006 505  Folzs

A34 512 MiB LRU 0.203585  0.065856 503 R

A35 384 MiB LRU 0.202685 0.064198 510 FE44

A36 512MiB LRU & ] 0.204150 0.066158 500 reference

A37 LFRU 0.200884 0.064845 507.5 {44

A38-40  ZkarHHEN ) 0.094 ~  BE Prefill 4 —54%

Ad1 NTFS/FUSE 0.204150 - - {R¥

A42 NTFS3 read-only 0.070032 - - fE4

A43/A44  prefetch32/hot768 #) 0.093 - B4R EhlRRHR, C
S

A45 exact file advice on 0.093601 — Hig —0.2517%

A46 file advice off 0.093837 - E{&  reference

A47 (SR STy 0.094405 - R FE1E%

A49 routed top-8 0.054285 0.029354 528  HFRIF R

A50 routed top-10 0.046178 0.026556 546 reference

Pi [ Qwen3-4B R )5 pp64/tg32 g 10.16 + 0.23/3.48 £ 0.13, Peak RSS #] 2.42 GiB;
% Dense BRIl MoE LR Hfe, LHIIEME. mmap. KV Fl FA,

55 36 5T, k40 7T



OS #bfkFE Proj59 (HL3E)

SLIM-ARC

RIL Agent ZHF OS

A.7 HiDevLab 5 Ascend #¥#&

# 25: HiDevLab OLMoE Q2_K Hf aarch64 CPU-only A/B

fiC Prefill Decode Wall(s)  Max RSS(KiB)
baseline 100.724597 51.340323 3.254600 2,575,956
patched-default 101.175889 45.254024 3.415535 2,577,888
patched-A24 100.602680 48.184150 3.373611 2,577,380
patched-no-prefetch 99.618235 45.803109 3.457525 2,577,572
patched-dynamic-normal 100.326690 47.396683 3.443797 2,577,576
patched-dynamic-random 100.237988 44.155583 3.535042 2,577,052
patched-sequential-prefetch 99.443328 47.358331 3.484104 2,578,344

TR % aarch64. Ascend 910B4. 32 GiB HBM. Health OK. npu-smi 25.2.0. ascendhal
7.35.23, HFH5EE CANN/ACL/torch_npu, F254#H NPU,

A8 B HEMRALHR
£ 26: RALTEAF B ERY S5 R
ik WSL RK3588 Mac Pi 5 Mk
K CPU repack WA WA MR LR WA R
mmap/demand pag- 80B F:A: 2 GiB 80B/4GB % {#¥
ing it
#4 RANDOM FLHHIE 1] 4-6 fFfife v eEEHR BEAES EiERLENIN
K Bl 77 ] IE A /3 2 ¥ Y18 £ e wtk
2.84/1.40
B H expert prefetch iy Ata confidence J& A24 RHHER KM RNERIN
I/0
Router predictor 3t temporal A22 hit EfrPRIE®E R
34.9% 88.56%
Shared/hot residency R ZR %M GIg%H Al18 1E|q A28/A34 1F A RHE
[
Wrong-page reclaim il ML B A2 IERGEMERAE BIL{E wall  opt-in
0 Hik
Weight prefetch Ba B R on B off ¥¢F /> EA&fL
I/0
KVag4 0 8GiB F 1y /MERIAE e[l 5B UN e I8
(I
KV eviction K EFX 8192/16384 JE 5 HEFXAM K BT X
P b3 opt-in
FlashAttention PEZFIES 4B B JE iR E 4B A H AR
IQ4 XS R /AR REFEL 3 [ e AR HRH 5 BE XU
fit
Speculative decoding  —53.2% ARYREE ANYRZE ANYRSE g
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A9 R FHREEEIAND

1% Ia T 6L T patches/1lama-upstream/slim-arc-x*, FEEE £ i IZR 7 scripts/apply-slim-arc.
py. Mac £l #s g5 4L IEYE T HAL T scripts/macos/; Agent Harness {ii T scripts/agent/, 5%
5% N [~ docs/results/README . md, H FiE—34%382 docs/macos_test_notes/. docs/rk3588_
test_notes/. docs/pi5_4GB_test_notes/ il docs/ascend_test_notes/. ]FEIREHIRAELE reports/
Competition_Report/, ZAS#45{iT reports/Competition_Report_Finals/.

A10 FHEEPHHE ST

T H 2 A SRR A R E e . EE TR RGN 57 2. cgroup 5
benchmark T.H. BB iE. LRIIT BT b SETRHRE. 15 FEN AR IMFIKER S o
TF AR R P R B R B ARG 2 SORPEE BRI R R s Ay BN ) SR B 1ok A
PR H S B R, PEREAIE A REMZ . =07 R IO RS I IE L
S5 SCRRH T o
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