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Abstract: Big data analytical applications like deep learning-based Al applications more and more rely on distributed
file system to store and manage large scale data sets. File systems often need to provide standard POSIX interfaces to en-
hance their access compatibility with upper-layer applications. However, it is complicated to develop POSIX-compatible
file systems in kernel space. In recent years, FUSE (File System in User Space) has been used by many well-known file sys-
tems, including Alluxio, Ceph, etc. , because it significantly simplifies the file system development. The popular FUSE li-
brary libfuse is developed in the C language. However, the popular distributed file systems (like HDFS and Alluxio) for big
data applications are developed with the Java language. To make the Java-based distributed file systems use the FUSE
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mechanism, the cross-language FUSE frameworks are needed to bridge the gap, which becomes a potential performance bot-
tleneck. The cross-language FUSE framework uses a cross-programming language function callback mechanism to enable
the C functions of the FUSE library to call the programming interface provided by the distributed file system in Java. In
this way, we can provide the access to the standard POSIX interface for the Java-based distributed file systems. However,
the existing cross-language FUSE frameworks are inefficient in performance. It makes the data I/O in data-intensive appli-
cations (like deep learning and big data analysis) occupy noticeable proportion of their execution costs. To address the prob-
lem, we first systematically evaluate the performance of the widely-used cross-language FUSE framework, and find the bot-
tlenecks of throughput performance in high concurrency and small file scenarios. We then analyze the bottlenecks of the
cross-language FUSE framework from multiple perspectives, and propose several directions for optimizing the cross-lan-
guage FUSE framework. According to the optimization directions, we design and implement JNI-FUSE (Java Native Inter-
face-Filesystem in User SpacE), an efficient cross-language FUSE framework. In JNI-FUSE, we propose the defer detach
and meta cache techniques to reduce execution costs of cross-programming language function callbacks. Experiment results
show that JNI-FUSE improves the average framework performance from 1.15 times to 6.04 times compared to the cutting-
edge cross-language FUSE framework JNR-FUSE. JNI-FUSE improves the end-to-end performance by 1.90 time to 2.71
times, and accelerates the deep learning training by 1.06 times to 1.73 times compared to JNR-FUSE. JNI-FUSE has been
accepted and integrated by the well-known open-source distributed file system Alluxio due to its good performance.
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P i) 752, f Java 8 BLGE ih X 23 (8], PR 22 4 1 d
. AR IZ T AT kG INTIR AT, {261 2 DirectByteBuf-
fer X G 237 RSP PRI THES . Critical Copy Jr i 1
A INT R HUME G247 IX i Y A7 ik, 9875 £ mem-
cpy PR B HOR HE b BB S BIMESN S b Xh L SR
7 1M 3o 52 25 BELZE TV b7 3 [T it 7, 5 L e 2 2 M
XTSI L, A AR

PR ZR Ge S AL AN ), bR = b et #5 015 5K
SR . AR SC 3 S I3 1 i = Ay 2 A

B TR B8 25 7 A W K BB AN T Y, SR AEAN R
G P X i S T AR R 2L R, XA R
Oy R e h X AR U febEne . X
ZZ P X 2 EE I K F) 128 KB, =& JLF AN fEAEPERE 22
BE LR UG i DX 2 T O E HE DL IR B £
B S DU S AR

108 :
—o— Direct
105 1 ----x---- JNICopy
——o— CriticalCo
107 Py

B 18] /ms
2

Block K /NByte
(a) ANE JH Buffer

108
—o0— Direct

5
10 -=-%---- INICopy

104 1 @ ——0o— CriticalCopy

I 18] /ms

103 7

102 7

10t ]

100 " s T 'ng R
Block K/} Byte
(b) %} Buffer
Ko B BnRe sk REVTAR (R T X AL Ar)

S 2 SR Y 57 vp X 25 JE /N (VN T 128 Byte)
B, =i o 5 AR S 2 Oy AR AR B e M e
St ABFESEBRR I, 3 HB 0 B LA B S M e
. E e, SRR H AR H BN T 512 Byte B S0,
It B A48 DUSEAERAR 5 DL R By AT, Bk =
Jr A PEREZERE /N . Uk, =M ik 5 A 75 DA T I
(), FOF B A B 518 5 FUSE i Frp 5 AN 155
i 6 Fran , 2% vh X 245 5 KT 128 Byte B, = &4
P& U177 XHIBE T 10s Y52 AL 10 GB Bl ¥4 U1, $dis 4% Il
W e 1 GB/s, i KFSCH RS H SRS DUIrRg ik
F A SEBRAF I
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3.2.3 FUSE T{E4%i2ER

FIE R R SR 45 R R FUSE BLA 19 TAE
LR LI ME LLE B K BRI RIS . W
7 (a) FEs , WG 15 R AR RO 8, 72352 0T & R
HB L 8 i, FUSE Q1) (Y 2R R B AR /D, 1T 24 se O &
IEE] 16 K H LA I, FUSE A 7 1) 26 A 50 52 45 Ko
K. At s st — nE I 8. eI 32 KB
18 KB 1Y SCAERT , A1 2 A 40 i 43 ) ik 3] T 2L 128
KB SCHERF A 4.1 f5F1 18.6 5. B 7(0)k— R T
FUSE TAELREE FRIF X RGPERERUE I . M2 EUT
KE R 1~8 1, A A T AR /D I L i, 2 A BRI
[ FF A FE A (5 AT 20 AN T 5 1 24 2 O & FE A 16 4
TnE] 64 B, 2R AR FRIF 8 5 LLAS T RG i, 7E 8 KB U
AN 64 SEHUT & JE BT, 297 10% BT 8] B
IRTRTELR TR AL I

107

106

105 ]
®
:*’ﬁ\ 104
) _
z 10°

102 |

10! |

0w 1 2 4 8 16 32 64

HRE
(a) A HEZRFRECE (YR F X B AL bR )
12%
— o 128KB

10% - —-x----32KB .
2 | O 8 KB
8% A
E
=
5 6%
g
% 4%

2%

0% -

ol

(b) LA TRITE i S 5] e 451
7 FUSE TARZA i BT 47

T A 3R R Ji PR 7E T FUSE 1Y AR 4 AR 4
BL . SCPE R G o 2355 45 2 A8 i 5L o SCAF
W KK /0 3K , B FUSE (1) T /E 42 5 5 i BH %€
FE VO A 1. FUSE /9 TARZAR AT BEAL A e i B e A2
% 21 TAEGAR (At CPU SRR ) , AT SC
TFZRGEHE VO Frntk i, UL AT REZ (9 SCHF R ST ATl

DI ST AR 3R . FUSE FERT I LB A 25 B — > TAEZR
T, M FUSE & BUHEA 245 19 FUSE >R 53 2 4y
TAELE PR N LI, FUSE 230 B4 A i T AR A L
Jf K AL PR FUSE 32K . SRMfE M IE A5 T, 24 FUSE
TAEZ AL S FR AL B AR T 1/0 3 5K 1) 21 18 380 B2 B
223 AL 1/0 TSR HEAN, FUSE 20 8 Rk TAEZ R, 1 L
TAELRFEAEXRT I Y 1/0 3 2K 58 U SOBEES 58, I T iy ok
ANTT Z 00 £ R4S B4

SEPR B, RIS HERF 5 S FUSE 5, 76 C
W AR FUSE A H 37 set nl gB & A . % In) it = A=
B AR R AE T SO 2R 40 Y [ 38 e 504k B0 5 12 1 1/0 3
SR B3R B BE & BB VO T SR MERR . %00 5 Sk
AR AN RIHET K. HFENETEF FUSE
A EE IR Cof s sR R R A AN TN T B35 = R R4,
) AR S B o FH H AR 75 5 i 3

A EIRAT BT AT, AR FUSE T A/EZR A48 BT 44 1Y
T A By R Ry 2 . 7 A
ATAL FUSE 8 TARLR AR BAIL I, 461 G B ) e K T4
LR HE HEIR TR B St BL, MM K FUSE (1)
TAERAREHITE . (HX ) kT ZUE MU & FUSE
J libfuse [ URARHS | T 507 4 198 A0 B AE R AT
PP 30 IR AFAE A RS INAT L2 17 FH A0 XU, X
D)8 VA S 1w A A SR 73 = W T W N = e 2/ W N T
T4 05 3 D) 2 o R ARG 5 1 75 FUSE A [ 8 pR 5O 4
PETHE 1 S FUSE T8 3K 9 A B B2 | B AR 1/0 33 3R HE AR
P& XU , DT (] 229 /D FUSE T AE 26 R 48 FEAL i %) 4 4
PR BE A £ TSI
3.3 MESWELE

IR R RE A BT AT T BT 1515 T FUSE HE 42
JNR-FUSE 7£ = 3 & /N SCH 3 50 A7 A6 19 1 e O 39
Fe H =AM JE R L 2 —  INR-FUSE £ 4 % fob % 5 15 5
PREI A A2 /NSO R S MR N R 5 a8
55 HE N A UM S P A T B B DL A
Wi /N SCE 55 (SCPFE/NT 128 Byte) R LA Z0K 545
=, FUSE A& By TR BT & S 380 st &
SN g v T AR LR A A 2B A R Y

BT LRI AR A AR BS1E T FUSE HESL (1)
PEBE PTG 1) =AMy ) (D B MR TF 8 58 S
B 5 11 L AIL 1, DT 552 390 %6 A /0N SC A 14 25 250 i
(2) BRI 8 HL i 28 4k i 538 5 B0 45 01 7 =X, )
T 52 B R SO s L Al (3) %R
T TR BHLE , TR & T 2 s T T
PR RE B2 55 B 5 Bty R BN . el A P= 3R
55N, KN FUSE J# libfuse 38 % DARAE 2 490 N & FE T
AL, FEA B libfuse FEJEACHS 5L T , FUSE JE 1)
T AL ARG BRAIL X LAUAE o, P e B3 T R G e 25 1



% 6 JB SRS TR E PSS R GEAE S PEREL 1L 1597
Ciii E"J%F&g FUSE HEZR A 0 5 56 13 A AR A 7 1] User Specific File
System
4 JNI-FUSEHEZLIZIFEE e
INI-FUSE
KRS o FUSERES R A0 01 F 7 10 7 S —L
u JaVa i%%_‘a:l: ﬁ E(J ﬁ}%ﬁiﬁi/ft’: /2% 2}"::4 ’ -&i_l‘ T E%Kig‘%_‘ I%l H FileSysteln TV Bamets
B VR T B /0 B R 5 DL A R B R S SO
FUSEfIE42 INI-FUSE, Ll SR 8 4 A M) 53 Aot MMIE L L iDireetByte Buftr
SO BT e | R ) SO
AR SCBE T 9B INI-FUSE HE 22 J5U 0 8 364 75 24 3 P RSO N
P e . i |Callback Invokers | {"22ZZ7722I7102I 000000
3 70047 AR, He 4G C3H 7 SO A AR 24 1400 : i libfuse
Tl Java i 55 S5 BLAG JVM 32 C1CTS 29 2 30047 . INI- 1 H
) N N . 1 . pell i 1 | Fuse Structs
FUSE Ay URACAS ™ T 4R 4 53 A 203 R 48 Alluxio 12 - H
IR R Alluio BRIA ) FUSE 523072 =
4.1 1EZEZEH B Operations

VE S B5185 FUSE HEZE , INI-FUSE ¥%3i T #:1/E R %50
FUSE J% libfuse [ #h C 1 5 2585 Hbr A XS0 &
G311 Java i 55 PR 8L , ffi FUSE J% libfuse R L1 33 JNI-
FUSE HE 48 /) 5 15 7 2R Bl AL )8 43 A XS0 HF &
G2 0 AH S T RE 4341 X SR 2 48 W) JE 45U libfuse
JE 5 % FUSE 3K 3y 4 45 A& 4155 B 7T 38 i3 JNI-FUSE 42
HEPOSIX S Il 1
4.1.1 ZE#3igit

INI-FUSE Hh A< Ho AR RS 2 1 VM 2 0SB 21
HAF a1 8 [T . A HbARAD 2 ) FHRAE R Ge 2 1t
[ libfuse J3E X6 2 , ) b DU T VM 2 SCF &R Ged A1k 1
Java it 5 SRR 82 11, DASEEUAE S 10 SO0 . JVM 2
] XA M AR A 2 ) o P R g — i 1 S
{4 22 B2 32 11 AbstractFuseFileSystem. 1% 3% 6 SO &
45 ) B A $VE Hh 52 N read, write, release 28 7 3k, 5
POSIX SCHFVs a4 B AR R —3 . 434 XSO R G o
RHF B O IR O DTk TR o
A7 S 2 G B X R G R R 11, DT Xk 2 45 ol ) P 2
I3 SO R YSE . INI-FUSE SE30 T FUSE FE 5 20 A =X
SO R G R S AR B D 2Z ) A f A, o3 A OO R GE
% & T T fif FUSE 2 A2 A4 EL R 4077 B n 38 5 JNT-
FUSE HE 42 5% #2485 /E R 48 19 FUSE FE , M $2 41k POSIX
SRS TR ) i

R 55 3.3 745 A9 PR RE R 39 70 BT, #5715 5 FUSE 1y 7]
BT B DL 10 77 0] A 435 5 0K 255 o 75 bR B L 8 E 4 L R AIG
WS E S B VLR A S e TR AR BEAL . Horp
HIPE AL 7 1) R 5 515 S FUSE HEZEAR B A5G, i ad
MCHE S TE F FUSE HESE 3 5 (9 4044 5 52 80 5 1k BT 58
B TS =AM T [ S R AE R G AR Tibfuse 42 5E
PRAR G , 75 BB OS5 50 S PR O R G0 2, ol H e AR

@ https://github.com/Alluxio/alluxio/tree/release—2.6.0/integration/jnifuse

......................................................

%18 JNI-FUSE HEZ2

BT ERE A A IR

R T sk A8 OB R S 4R AL 1Y libfuse JE 32
Tt INI-FUSE HE 22 % A [] libfuse J28 RRAS 033 W 1 , A SC
H INI-FUSE AEZE BT A kST T H0E R 5 libfuse JBE 155
SRR B R 4B TR B AR BOR B ES
T R A PATFEAY | 38 1 BRI 10 15 R HERL X
6 , M T 18] 422 9 /0 FUSE T2 7 26 A 8 B B9 67 it 52
W . X515 T FUSE PR BRI 1L 5 X FUSE TAEZ 248
AL A R F AR S, AT LA ARZ N . ARSI
WF5E R e T = FUSE BRAT i PERE O A Im) 5

JNI-FUSE HE 32 i il 37 P Af 45 A SORF 515 5 FUSE
PEREDE A Y TR AR TR B8 7 pR AR A 7
BY L 170 R HE R K AR R ] 422 I FUSE T
YRR AR BRI ) £ 1T 52 0
4.1.2 TIiEmE

JNI-FUSE 4b 38—k [ R 7 1) POSIX S &
SR TAERAR WA 9 TR . a8 A7 7 H 23 18] i g
FHRR 738 i POSIX S R G v FH (Bl G read , write 25 ) 1)
7 i sh— K T FUSE #9) POSIX /0 iR . W FHRE 7
1 FR G808 H B2 177 A% T Y FUSE 3K 3 4h 3, FUSE
X F 1/0 38 oK & 2% Bz 4775 H P 3 1Y libfuse JEE 1)
FUSE TAEZ AL FE . libfuse JF Y FUSE TA/EZE #2134
JNI-FUSE HE ZE 7 iy AR A5 J2 o 4 % 1 pR R, 5 SO R 52
Y /0 2K % & 22 INI-FUSE HEZ2 A 3

FLiAHY , libfuse PRI T /EZ R By Jo il i 2R PR B H 0
R (L YR 1) FUSE TAE 2 72 55 4% (Attach) Jy JVM £k
2L 25 JUlE BRI IR L8 2) SR U 1
BRI ESCIE FH T 75 R FH 5 1k oo A5 B CRLEE TV R 5 vk
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() MethodID 45 ). #5738 7 Bodlids DU SR R IR 3) ¥ C iR
T WX N B DR Java i T NS X
He T i RO AR B Java WAFZZ th X, NI
FUSE HE 428 b INTAL A F VM )2 th 20 A XS0 R 48
F & 3 LI B AbstractFuseFileSystem 322 H (1 #H I Jy i
BB 4) , PATHRFE N IJVMZ . JVM JZ4E AbstractFuse-
FileSystem $2 F J5 v b 2 A& b 38 F B 5 43 A LS0F &
38 1 AH 5C oR KR, DT 2 JI0S 20 A S0P 2R GE 4R A
AbstractFuseFileSystem 3% [ 1& 52 .2 J&5 , INI-FUSE HE
ZEVE RS TE e BCE T AR 1Y I R S oo R B CF
BE5) , B AR AR IVM 73 5 R BR 6).

— RSB 515 T FUSE pRER |1 R B AR, X 4
R R TUAR A A B T AR . A SGE g 51 A
FEIR 73 5 (Defer Detach) FIIG[E H 217 (Meta Cache) ¥
A Bkist #5105 F FUSE pR A1 ] A8 o (] 95 v 25 R 220
AAOCAE IR (A5 BE A OUME B Ia ik ARG HL S
LARIT B DU AL BR) | DT I 1 5 FUSE 1 pR 4R

el 98 T 45
4.2 TERHBMRML

HESR 4 B A A T AL X 515 FUSE s B2 Hh A T
TR R R AR I SR AR AR E 9 TR . iX
P B B AT IR RS E 2R [ JVM 2 F2 4 BT 4
WA AR AR T BN C BT BRI EOT I Java 9 775
B, T e T B e INT HE At A 2 AR B LD A i 2k A
4 (Attach) N —A> Java 282, AT 2545 INTEny A 4 -
i I AR Java 70 . ARG AR AR, VM T
BLHRAT— 25 VM 2R R0 Ui AL A5 (3] 4n 5 A 37 05 8K
SR VLRI R ), DOB AR M 2R AR A 2 Sl —
JVM KRR, fH IVM s 17 48— B AR 40 B i AR I 75
TR BT A JVM 2 AR, DT SE B A L T AR LR
JVM £ R 11 53 2 (Detach ). JVM 82 0947 Ui 4k 5 494 55
B RRAOR T BE BN RS, MBS SR
G2 sRBOM 1 AR IR 4) PUATIF A5 /N, VM £ R %
B2 555 B R AT 85K AR A5 5t 3

POSIX 1
aR%E :
il (3) ¥5 1S HUR P L >.%
> : FUSE ' F”USE i '
S f | Driver < EEE el @) v5 i = B [ N
4R me—— ' | FUSELIFZR /\;fﬁ{gmﬁ;zﬁ
P %25 1] ()24 (5) B Sl i
libfuse /& JVMZFE

INI-FUSEHE 22

#9 JNI-FUSEHEZE T /E i

FIESR 43 B 4 AR A R A SRR AR B T R R
AR HLZE AR DN JVM 4355 (R B[], DA 7 J5 22 10 515 5 bR
Bl R B B R AR, B e (R D S
LR B CGEIR6) AT, K 9 frR . EARHL, 76 M 1ib-
fuse JFE A L 26 B 75 R EA T B3 5 PR L R ) e R v
AR B PR AN RIS AT JVM 4R AR, i 2 DR 5 2
FIZEFE S JVM I BE 2 ¢ 3 FF 2R B BE 12 7= 42 1) INIEnv
AR AR AR R A b . R MBS TR S PR
[ 3] od e v, 2R AR B 4 A0 R A B R A 1Y INTEn )
A, Bkad VM £k g et AR . SR RBUA I Z 5 B
LRFEAT B A R R RE B Bk . SR AR R Ay B H RS
INI-FUSE H 278 55— IR BE 18 7 pRECET A0 b S 3 2%
FREEHE 2] JVM, L2 A b 2 75 9l 45 55 i A4 A JVM 26 72
O3B R, DT R M R ARE VM 2R PR 55 422 5 00 B il sk 1
BANTHY .

FEIR S0 B 5 AR BSR4 LR FELR AT 1) INTEnvy ) 48 17 £E
FUSE T /EZR A5 4 58 2 AP A T R B0 AR (R 35 E , LAPRIIE
JVM 28245 BRAL T IE % TA4E . {H FUSE TR 2 1 &Y
5% Tibfuse JE fill & $HAT , INT-FUSE HE 28 sk L 452 1] 5 2

P& . DR G0 SRR FH 4 JR A8 i G A7 4 2 R 1Y INTEny /)
1, JC3E PR IE INTEnv /A) A% Bl T VE 26 R 10 235 o1 1 4
. R T Y RE IR 4y B 3k B R INTEny ) AR ) BRI IR
B, INI-FUSE HEZE K FH T pthread 2228 2 4 P2 7 AR 2 43L
RO £k B2 478 204 (thread-specific data) #L >k 8 BRAE
LR AR AL INTEny A1) . INI-FUSE F1) JHZ AL DR 44
TAFZEAR By INIEnv m) AR 75 B R 12 26 A8 e A B0 YT 42
FE M EAE X G R AT BRI AR TR R R
YR G4 B2 1T, pthread 23 [ 3l FH 28 R4 A7 $5040 o
GNP TESE MRS PR, DI 1IE A B INTEny A7) 4 .

FEIR 43 B 4 AR A 2B A7 INTEny A4 P45 JVM 28
FREEHE  MASME I T 5 TAEZBRENIE iy 25 8] -
BY AHZE A AN A A T4 B SR /N . %A AR
B R LA : (1) TAER AR AT AY INTEny AR BT (5
25 (8], (2) TAELAEXT R Y JVM P8 26 72 % 42 BT o 28
B . BAKI S , A4 INIEnv A 615 — &R 51 JVM bR 5L
R SRR S A . AN, TR RRAE RS JVM B,
JVM £ Sk T AE 4R AR A 5 02 A9 JVM R R X 42, I 7
JVM FR X 5 HE X B G 501 R AR AT RN i A7 2s 1] . JEIR



%6 W JB SRR TEE PSS R GEAE S

B TEREIL 1L 1599

RS — HR R TR RS VM I EE RS . |
R TVM PR AR BT T 8 7E TR A4 550 B e B
T FESZBRI R, INI-FUSE 76 5 91 & 5 Rl r= 2k
2024 B TARZRAR (FEDLES 5.2.1 T SE5G ) , B4 s
HEIR J3 B DL AL T3S 0 () X P BE N A7 T 450 636.52 KB,
Hr= A 0 S BN A7 T 8S 2 12.43 MB, [ I %0 A M- i
ZRIFFEA K.

4.3 TREERZERE

TOM5 B BATH AR BT RS 1R 5 R A i A

FITCAE BRI IL GEER 2) SAEEEFECERR 5) . o

F R IR BT O B T eRBOE FH A T oo

B A G IRAT JVM A X R 5 15 19 MethodID 45 . [y [F]
— A Java J7 50 INLIE FH JCA5 BOE FA 1Y B2 R i
AR, BT DA 2 6] — AN SCF 2R G0 S0 o 1 P R e o 4R O
M Z it , 558 1 oels B A b 5 PRSI H0E A ok 0T
RIATIFES .

TUR B AT A ) A SR B A HE B2 ) R AL R 2%
TS R GEARAE (140 open , read , release 55 ) Ui 1)
JUfE B PR IR S B TE T R Il i A rh B R A O

BV SO NIT: SOPIW I SX IE GR RSB Na s ISP S b

7 R TR B PR T e R E R, B
5 H 5 W B G, 5 TR R s VM iR e %, A
WS T SR BOR oo R B R b ik — ik, R e] 78 24
TARGAR N E G 8 2 LR i ) — SR )

EL{A b, INI-FUSE HEASAEHEZL Y] G A sF, 455 P
S AbstractFuseFileSystem B O N B SZFRRY POSIX
S 2R G R P TRBOR O 119 851 75 PR BT E A DG TT R .
JFRAAAENAE T (E110). ZAFRYIH TR B AE T et
Z AL AT ke G 2 A2 R 2 (R TUAR Y e[ B IBUT
B 7R RN AR ) — IR 5 1E T FUSE pRE0R A (0 1 72
1, INI-FUSE HEARAETTAF B0 iR A0 B8 v S A7 3
X 5 18 F PRECE TG R B . R THREUEITFE R,
JNI-FUSE BV AT ] FH INTHL] & s 1 R AR A

E AR R A SO R T f5 BB A AR A7
B IR SO R G oo E B 255 Th 5 R E0R
Juf B (B4 MethodID JHFHAINRSE ). SCHERGEH S
TR B AEE SO R % P o B, L5 NI
FUSE HEAR 1Y T 5 B AE AR S 1Y, W3 AT DLBR G
i AR T SCMF R G0 B9 515 7 FUSE TERE

Tofe B R A H AR RS T BN N A7 25 (81 T
B . TR B AR ARSI R G X JVM 7
1 MethodID {5 B, , HAFETF 45 S5 W FH JVM A4
BOE LG . XA JVM 3L 5, A SCEE80 ek Y 64
37 HotSpot JVM H1, &4~ MethodID 41 7 T — /M8 1] JVM
T X 4 A %L, &7 FH 8 4> Byte. INI-FUSE ¥ FH i)
JVM Jy 85 1) - BR HH AbstractFileSystem 2 143, 2 (19

POSIX SC4 22 G J# Bl e s, 1 S 56 B >R FH 9 v2.9.5
AR 1 libfuse J&E 5 22 32 37 44 25 0 F R G VR R, TR T
5 S BT R A 53 (8] 22 24 352 Byte, JFASAR/IN .

User Specific File 5 A
System HOR7E i E4
____________________________________ [@ JufE S
: INI-FUSE ' {© MR
i [ AbstractFUSE | e TEEaE
: HG o
: s rac JVM Structs © ki
; FileSystem ! HORC 7%
: — T : Lo ety 3
IVMZ i nl|® _ Dir.::stffBe}r/te :
ER VML b
: v
H MetaCache T I
: i ®
vy 1
E E libfuse |
Open E i | Fuse Structs E
Read :

. h
y * '

! '

Release L Fuse !
| : ]

i1 | Operations |

. H

10 JTiERgFIt

4.4 BIESHEE IR E

HAEITE Javaifi 5 T A] SC 0 ES 15 75 20 45 DL ay pIL
H JNICopy, CriticalCopy F1 DirectByteBuffer = Ff . 3 2
MAe Ak Gl AP SR = AN R L T SRS TR
BAarg 15X 72 =F 5 X2, DirectByteBuffer (1%
SV, DirectByteBuffer & Java N B W EEER  C
ORI P A LG o X 3 ), AT 7E R P T O 45w
LG AR 1K Y a0 ] B, S A B2 D IR0 48 41 AT g
HOR B A5 1R . 41, DirectByteBuffer B3 FH 4 i
U FLBRR TR JZ OB A R R A PR A A, JS ] R b sk
B 1 DR B A R A2 B 5 248 A oy Ok 10 3 R ) T, R
T JVM i “Write once, run anywhelre"1'@45‘5{Z H .

A LE , INR-FUSE S HE SR ] T JNICopy 45 i
FAE 55 55 B0 ¥ DL ML . AR 55 1 5 FUSE HEZR
B 5 - 5 38 %, INR-FUSE S5 HE 2245 71 B4 56 T 22 18
IKARED | e 2 R BRI R AR AN . MR
JE TR, 56 3.2.2 19 1Y S 90 25 R K W] : DirectByteBuffer (1)
HH $5 DU RE AR B s e /NI A 55 T INICopy 1 Criti-
calCopy PIFN 5 =X s (B 7E FUSE 0 FH 355 Hh 8 22 2R B
BRI BHEZE hIX (128 KB), DirectByteBuffer 5 H A
HE AR S M T W e RE 2R . 255
JEVE ] | 2¢ 4 FGE A INI-FUSE 26 £ 5% F Direct-
ByteBuffer S L5 1 5 £di 5 UL .

R2 AEBESHEE NG LR

BT 7 Bl 7 DU At T PERE
JNICopy H % [
Critical Copy 1% h =1
DirectByteBuffer =1 =1 h




1600 H, ¥

4.5 BIESERAMSH

AR SCRTHE ) HE R 4 B8 T B R AL AR T i L
Ko e 04 5 KR #5 DUAILRE B F i A 36 JVM 19 G B2
155 (I UN Java, Scala, Kotlin 25) JF %& 09404 =X 304 &
Gt , A 4G KBS BB b T o8 48 A9 HDF'S, Alluxio
L HE PRI T JVM B U R G024 75 B85 B INTHL
il , 52 A Libfuse J4 [91 9 JVM H 23 A 28 S0 0F R GE $ AL 1
AR 7 2 DI RE . A SCHE B P Ak 7 R X INT IR
HAHC R LR AL S P BT IS TR A T IVM
M RFRTE 5  HA B n 18 7 8 Ak
5 MEEEITEAE
5.1 XWigE

A5 M INI-FUSE AEZR (AL ) H B RE  SCF
40 vt 2 i 152 HOPE RE N2 R B 2 ST I 2R PR RE — A~
J7 1 VAL INT-FUSE B9PERE . A5 R A B A feoh iUz
& PERE e AE L BT Y Java 3 FUSE AE 22 JNR-
FUSE" ] 4 FEAESE . A 3k 0 58 A v A 1 A 2
PE |, A AR I AE FUSE 1 divect_io £ 2 A ] kernel
cache) N HEAT . AJCHF U6 I, 44 88 Ho A S 50 BN
Bo .

7% 18 FIAR 2 KB 2 I BRI T 4588 = °F
BREAT , AR S AE Kubernetes 2 42 B HH HEAT , 172
¥ 4T 1E Docker 282§ 1, il 3 €SI % % ] FUSE. 5
5.2 FIER 5.3 5 B S FE TG GPU A T3 IR 55 4% L
PTG, 565 5.4 W5 MR B 2 S RS tE— 5 A W
5K Tesla V100 GPU B ¥R B2 27 > il 55 #% b i A7 Dk,
EIE RS AR AL B AR 3 MR 4 R .

#3 CETERSBHEHERSERESE

28 [LERERs)
CPU Intel(R) Xeon(R) Silver 4114 CPU @ 2.20 GHz
(40 cores)
Memory 96 GB DDR4
Disk 240 GB SSD
Network Bandwidth 10 Gbps
0Ss CentOS Linux release 7.6.1810
JVM Version Java 1.8.0
FUSE Version 295
Alluxio Version 25.0

5.2 tEZRMERETEM

SVEAl INI-FUSE HE4R (AR SCH7 7% ) A B >k i i s
TFR AR SCRAS 3.1 15 BT 9 D A7 S R 58 Mem S £f:
Jy FUSE #9 B AR SCIF 5 58, 43 51l 3 T INR-FUSE™™
INI-FUSE HEZR 92 8 T 1% SC PR RG89 POSIX 3 11, 5351
12N MemFS(JNR-FUSE) #l MemFS(JNI-FUSE ).

S 1z 2023 4F
F4 CPUREFIMSB[UEHREER
28 (AR EDSS
cPU Intel(R) Xeon(R) Silver 4214 CPU @ 2.20 GHz
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