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Abstract

Introduction

WebAssembly (Wasm) emerged as a binary instruction format for stack-based vir-
tual machines, initially designed to enable high-performance code execution within
web browsers. However, its application scope has expanded beyond the browser en-
vironment. In cloud computing contexts, WebAssembly is gaining attention as a
lightweight execution unit that could potentially replace traditional container tech-
nologies, particularly in serverless computing and edge computing scenarios. This
expansion is driven by WebAssembly’s inherent characteristics, namely robust sand-
boxing and portability across diverse platforms.

As WebAssembly adoption grows in these new domains, applications increasingly
require access to file systems for handling persistent data, configuration files, and tem-
porary files. The conventional approach of directly exposing the host operating sys-
tem’s file system to WebAssembly applications presents significant challenges. First,
this approach compromises WebAssembly’s sandboxing properties, creating potential
security risks through configuration errors or runtime implementation flaws. Second,
direct host dependency undermines, as applications become tied to specific directory
structures and file path conventions that vary across execution environments.

This paper presents the design and implementation of a virtual file system that is
accessible to WebAssembly applications while remaining independent of the host file
system. We propose three distinct architectural approaches, namely static composi-
tion using the Component Model, sharing via host traits, and dynamic connection via
Remote Procedure Call (RPC). Furthermore, we describe a synchronization mecha-
nism that employs Amazon S3-compatible remote storage as a backend to ensure data

persistence.

Background and Related Work

The WebAssembly System Interface (WASI) provides a standardized interface for

WebAssembly applications to access system resources such as file systems and network



connections. WASI implements a capability-based security model where applications
can only access explicitly permitted directories (preopened directories) rather than
the entire host file system. However, this approach still creates a direct dependency
on the host environment.

Existing virtualization approaches have attempted to address these limitations. The
wasi-vfs tool, originally developed for running interpreter languages like Ruby and
Python on WebAssembly, hooks WASI Preview 1 functions and redirects file op-
erations to a virtual file system embedded within the WebAssembly module. The
wasi-virt tool leverages the Component Model to provide virtualization through com-
ponent composition. However, both approaches are currently limited to read-only
operations and cannot support file sharing among multiple WebAssembly applica-

tions or synchronization with external storage systems.

Proposed Architecture

Our research proposes three complementary approaches for implementing a host-

independent file system, each suited to different use cases and requirements.

Static Composition Approach

The first approach utilizes the Component Model’s composition capabilities to stat-
ically bundle the application component with a file system adapter component. The
resulting single WebAssembly binary contains all necessary file system functionality
without requiring any host-side implementation. This approach offers strong porta-
bility, as the generated binary can execute on any WASI Preview 2-compliant runtime
without additional configuration.

The architecture consists of three main components. The first is the user application
compiled to a WebAssembly component that imports wasi:filesystem interfaces. The
second is the VFS Adapter component that implements and exports these interfaces.
The third is fs-core, the core in-memory file system library implemented in Rust.
The composition is performed using the wac plug command, which connects the

application’s imports to the adapter’s exports.



Host Trait Implementation Approach

The second approach moves the file system implementation to the host side, en-
abling multiple WebAssembly instances within the same process to share a common
file system. The host program implements the WASI filesystem interfaces as native
code and provides these implementations when instantiating WebAssembly compo-
nents.

This design employs a two-layer fine-grained locking mechanism to ensure thread
safety while maintaining high concurrency. The first layer uses DashMap, a concurrent
hash map, for managing inode and file descriptor tables. The second layer protects
individual inodes with RwLock, allowing multiple concurrent readers while ensuring
exclusive access for writers. This architecture enables parallel operations on different

files while providing proper synchronization for accesses to the same file.

RPC Dynamic Connection Approach

The third approach separates the file system into an independent server process
that accepts requests over TCP using Protocol Buffers serialization. This architec-
ture enables file sharing across process boundaries and across different machines in a
distributed system. Applications can dynamically connect to an existing file system
server at runtime, making this approach suitable for scenarios where applications are

added or scaled dynamically, such as in Kubernetes environments or CI/CD pipelines.

Remote Storage Synchronization

To address data persistence requirements, we implemented a synchronization mech-
anism with Amazon S3-compatible object storage. The implementation supports mul-
tiple synchronization strategies to balance consistency requirements with performance
needs.

For read operations, we provide two modes. Read-through mode fetches data from
S3 on every access to ensure freshness. In-memory cache mode loads data at startup
for improved performance. For write operations, write-through mode synchronously

uploads data to S3 on every write operation, while asynchronous mode queues write
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operations for batch processing. Additionally, the system supports cold-start restora-

tion from S3 and ETag-based polling for detecting external modifications.

Evaluation

Performance evaluation was conducted across all three approaches. The static com-
position approach achieved throughput of approximately 2,100 to 2,200 MB/s for se-
quential reads and 1,200 to 1,500 MB/s for sequential writes, demonstrating practical
performance comparable to physical disk-based file systems such as ext4.

Comparison with the existing wasi-virt implementation showed equivalent read per-
formance, validating that our approach maintains competitive speed while adding
write support and persistence capabilities that wasi-virt lacks.

Among the three proposed approaches, the host trait implementation demonstrated
the highest performance, achieving over 13,000 MB/s for small file sequential reads
due to native code execution. The RPC approach showed significant latency overhead,
particularly for random access patterns, but remained viable for scenarios prioritizing
flexibility over raw performance.

For S3 synchronization scenarios, the host trait implementation demonstrated per-
formance comparable to or better than the traditional s3fs-fuse approach. This im-
provement stems from avoiding the kernel-userspace round trips inherent in FUSE-
based implementations.

Concurrency evaluation confirmed that our two-layer locking mechanism scales ef-
fectively with increasing thread counts. Read operations on the same file showed
linear scaling due to shared lock semantics, while write operations on different files
maintained parallel throughput through the lock-free concurrent hash map at the

table level.

Conclusion

This paper presented a solution for providing file system functionality to WebAssem-
bly applications while maintaining the sandboxing properties and portability that
make WebAssembly attractive for serverless and edge computing scenarios. The three

proposed approaches offer different trade-offs between performance, portability, and



data sharing capabilities, allowing developers to select the most appropriate architec-
ture for their specific requirements.

The static composition approach maximizes portability with a single self-contained
binary. The host trait implementation provides the highest performance and enables
sharing within a process. The RPC approach enables sharing across process and
machine boundaries at the cost of network latency. Combined with S3 synchronization
capabilities, these approaches provide a flexible foundation for building WebAssembly
applications that require persistent storage without compromising the security and
portability benefits of the WebAssembly platform.

Future work includes implementing direct synchronization with remote storage for
handling files larger than available memory, optimizing RPC communication through
caching and prefetching, and developing distributed locking mechanisms for multi-

node write coordination.
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version ED 2a—ILDN— a3 VIERERT.

5.

Type Section EYV 2 - ANTHASNZEBOT 72 F v GIEERDEOR) Z2E&ET

5.

Import Section EY 2D ORI NI, XEY, TRV ERRE R ERT

%

Function Section | Type Section TEFEI N7z 7+ F ¥ & Code Section ®FEE %Ki S-DUF

Code Section LR Om DY (N4 ha—FR) I 3.

V) RT3,

Export Section | €Y 2 — VNERTERINLEBP X EY 2 R PRMRDOEY 2 —

Data Section REXEY WL — 2 2 EFRT 5.

22 TIUHAAOBERILKEY—NLR - TyPaY
Ea—F1>7
WebAssembly (& 7' 7 ¥ WG U THAHEL D, ZORHEIX Web A D K X A
VBV CHHATHZ. BETIZIOT [11], 70y s Fz—> (12, #—~L 22y
Va—T74 Y27 3], Zvyar¥a—74 2 [2,13] kY, Zicbiz 255 TOR M
HPHEA TV 3.

221 YRRy IAFECEERZFALLA—-XT—X

WRDZ 79 Far¥a—7 4 > 7% FaaS (Function as a Service) 3B TlX, 77
V7 —aryDOEFEMSY LT Docker 2 Y7 FBERE VM AHWLNATER., Zhb
EEOIREEE RS 52— T, et ROEEIRIEIICE S & — o=~y F2ET 5
v, £7, 1 20% =N ETHT 2 68T OB RRICKE ST 2558, &2
VTFPHED OS A X =% F7A4 77V eROkD, XEV Iy NV Y FEXRL
L, £EEom LKL 225 [14)].

Xt LT WebAssembly &, OS ® 7rt 2% VM ZH 7212325 LIF 2 DTldkR, H—



D7 VRA LT ANTHEANCX B Y EMEZDEET . U T etz =5
N LTHRIBENT: [15] BERFTHATHD, UTOFEEZS 6T,

o EENRE: — MR T FPERI» LB IVHEEST 2DITH L, WebAssem-
bly €Y 2 —E~ A 7 uafht — X —TOREPAEETH % [3)].

o BEREER: XEVF—N—Av RN XWVWED, RILAN—FKY =27 YV —ZATay
TFOBEL LB EDAL VRRX A EBEEEE e TE S [16].

e EXal)Ta: YU FRRy 7 A{LEINFAEVERMICED, EY 2 — L EOFH%E
figoo, ~VF 7+ MRETORENEZMHRTE S [17).

Fastly ® Compute] 7 v 74 —24TIWX, V27 TR I ORENREHEZ /ML S
% 72912 WebAssembly ZHH L T\ 5 [18]. Fermyon %, ®REE L T2 a v 7
AT < > F7 WebAssembly BIBUCE ZHZ2 5 Z & T, 74 FUKO I X b ZHIES
% [Scale to Zero) DEEEZIRIEL TV [19] 12>, WebAssembly A D7 L — 47 —
27 Spin ZHFELTW3. Spin 3P —ANL A7 TV Fr—varesf oy —LY2A0H
PR L727 1L —2 v —2TH%. Spin HKIZ HTTP 4 —~#ee e FroEH "t 2
(Host Process) & LCHEIfET 5. HITTP V27 TR 23T 5 &, SpinldZzD 7 mt R
NEED X E Y 22/, MR 2 Wasm 2V R—2 2 FOFiTHA VAR A 2ERT
5. ZDA VAR ZUEBI VLSO~ A 7aht —X—T% T 5% [20]. WEPET
LLARYREBRHITZ Y, 4 Y AX Y RZEFEICHEEINS. 2k, B—DK2R
Fat X BT, BTORKY 7 TR b %2 2 NFREEES L7z X £ ) 240 T Endic i 7L
HE 5 Z EA[EEICAR B [21).

222 TSOYNTORITHE

CLIYV=ILIC&B R FT7AOVRLT

D REARNREITTIEX, WebAssembly 7 > X4 2034k T2a~> KoL 4~
Z—7xz—R (CLD ZFMHT2bDTH2. RENKT ¥ XA L TH 2 Wasmtime [22]
% WAMR (WebAssembly Micro Runtime) [23] (%, wasmtime run app.wasm D X 5
HRa<wy FEEHELTEY, 2—HFZa 4 LFEAD Wasm N[ FUZT 2 bHHE
BEHTES. ZOETIATIE, FVZALBENIEZAN OSSOt LTEHL,
Wasm €Y 2 — L&A Y AX Y 2L L THEITT 3.

WebAssembly (& Kubernetes 2D a > 7F+F—r XA b —> a YVEBRBEIZBWTHE
TC%5%. SEFEERLDODH 5 runwasi [24] 1k, T—¥da~r FEETT2RODIC,



ay757+ 7 &AL (containerd) 3Ny 72757 > FT Wasm 7 ¥ XA LEFECH S
THHATH 5.

RART V5= 3 oA AD7147 5 )BDIAH

WebAssembly 7 > XA L DEEZ A TV LTHHL, HADKRA M7 7V
F—=2aryO—Hfe LT Wasm £ 2 — L %2ETT2ZdHTZ%. 2 'Embedded
Wasm | & bIEENS. HlZiX, Go BRETicdb & N7 7V 7 — a > ThHiUX wazero,
Rust S8 CHIUX wasmtime 7L — b+ (A4 75 V) 2F|HIT 22T, Yursosra—
FNT Wasm 7 XA LD VARV RAEERTE 3.

ZDETNLVDERRKDFHHIX, KA M (Go*° Rust ®a—F) 24 2 Ml (Wasm) 23
HETZ/RTHSL. UKD, FAMIOa—- FTERINBEROFIH L2, &
A MUDXEY F—2DHEF L Vo D AIREL 72 5.

HMHIABLETNADIGHBIE LT, Hbd Fermyon Spin B2 IF o sd. £, BFD
SMVY 2 T7RT7 IV =2 aviiNT s 7774 IS s Twa. Envoy
Proxy [25] % Redpanda [26], SingleStore [27] £\ o7 X7 ATIE, 2 —¥ A
ouYy 7 (74NRY T, GBEE, T —XEMIRY) ZHARTLDDFERE LT
WebAssembly Z#H L TW\5.



E3E

WebAssembly 7 7 r—< 3 >Hh 5
DI77AINATLTI7ERX

31 774NN RTLT77ERICETZHE

WebAssembly OFHILKIZFEN, 77V r— a YKFLT — X ET 7 1L,
HEVNI—RFT7 7 ANRBEEZRDIT2DITT 7 ANT AT LANT 72 RTEZREPELTTH
5. 779N TEEST S Wasm 7 7V 75— a b7 7 A IV RTLNT 7ERAT
DFERELT, ARV—T 4 Y ITIRTLPRMETZ 7 7 AV R T L2 EERNHT 24
AR TWE. BRIICE, RS2 M (&4 L) PEBIRICREDT 4 L2
MV BA—=TVL, ZDT7ANT ARV T RET7 TV r—2aiZEITIeTr ot
RAEFFA[T % preopen & WS IHAHANTFEET 5 [14].

LaL, Wasm 7 7V 75— a VB KRAMDT 7 A LT AT LANDT 7t AMER %+
532522 %, ¥ Ry 722 & 3R Z ERNCIFRME X 2T/ICFELL, 20
BV 7 7 & 2R, BERICEBI MR IUEERR VR 7Rk 5. HlZIE, 7U&
A LTCORRFRO Y v Z1I2BWT, BT 4 L7 FUANOBERS YRy 7V 7D
PNDTEYITH - 72855, WebAssembly 7 7V 7 —> a %> FRy 7 ZDHlR%
[EEL, RA D Jetc REWXT 7L ARJREL 725V R DMEET 5 [5]. HEBRIZ, Wasm
FYRA LD 1 DTH%5 Wasmer Dfig5E CVE-2023-51661 TlX, > FKRy 7 XD
77 AN AT LHIRPIEL K #HXNT, Wasm 23— KRR RX MDD T 7 £ LT R T A4
KARE? 7R TETLES MENRE STV [4].

T, RAMDT 7 ANV AT AANDEEBERFIZ, X2V 74723 TR, We-
bAssembly DHRTH 2 AR—2 VY T 1 2 HHRS. HlZIF Spin IZBWTIE, Windows



RETORARYID XFDEWE Vo IREHKFED b7 7ABWEZ ATV [6]. FAFE
Hou—ANIREE, 777 R EOY =, THNOZ vy TN, ARE, FITRRI T
TA4LZ MIREER 7 7 ANRZADBELRNL, 77V 75— a Vi Z0ERERWINGT 57
OB v 7 2ANE L RIFIUIIZ ST, WebAssembly DAKRDFHETH 5 K— &
CV T4 RS 5 Z e R R .

L 72235 T, WebAssembly AR DfREHEEZIEL S 2 272K 7 7 4 ViRERRE 2 1 it 5
2720121%, FAM OS D7 7 4L AT L0 SNl —% 77
F v DREY 125, BARPARKOFRIZIENL S, KEIDIFETIE, WebAssembly 7 7"V
r—2arvhrbDI7 7 ANTRAT LT 7EADBIRY, Z DR 72 3 FiffibEkRicowT
BT 5.

3.2 WASI DBIE /N1 FUIEE

WebAssembly BIRIGFHREZITS 00Tty FTHDH, ZRHEAETIETZ 7 A LT R
TLREY NI =7 VoYY —RICT7 72 AT 5 FEERTW. 759545
T WebAssembly 2573 258, ZHODKRR MEREEZMUOH I -HDM—H7> R
TUAVR—=T 2 —APREL DL, ZFDI=DIZEKE XD D WebAssembly System
Interface (WASI) TH % [28].

WASI 1, WebAssembly 7 > XA 58 ZDRME 2 ARV =T 4 V72 27 4 (0S)
COMOFREEE UTHKEES 218H#ES > X —T7 2 —XTH 5. KA+ OS OBE% FIH
2358, OS 22D A7 La—LDiEW (Linux, Windows, macOS 72 ¥") % EHZ
WebAssembly XA FVIZEARLTLES &, R—=2E V74 BEZDNAS. WASIIZZ
DREE R T 2720, MFLINT AT oa— A BEERL TV [7].

WebAssembly €Y 2 —L DN A F 1 #EICEWT, WAST ORI H U@ D4t
EREARARE OV Lk [ERRIC b LS. BARIICIX, EY 2 — LD Import Section (& WASI
D% (Bl: £d_read, path open) 2iEtiREf, EITRIZT VXA BRI BHDA
A—PFPEHFEIIHLT, RAMIOERELZY V73T 3MHAL TV, ZHIZED,
WebAssembly 7 7V 7 —3 a & a v o84 LRHZRED OS 2Ei#i3 % Z 27 <, WASI
EWVIHi—ENIA VX =T =R L Ta— FEidhTE 5 [28].



3.3 WASI Preview 1 ICEITZ T 7AILATLT IR

BAEIL S FHZ L TWS WASI DoN— a v iX Preview 1 & FREN,
wasi_snapshot_previewl EWHEY 2 — LHTERINTWVS [29].

WASI ZF|H3 % WebAssembly 7 7V 7 — a YOBFIZBWT, 77 ALV AT A
ANDT7 Z R RAFIEEFEEBICE->TERS. C/C++ Tidhd iz T v 7 LDGE, X—
7w b L TCTwasm32-wasi ZHE LTI RT3, a2 %1 Fld wasi-libce [30] 2V
Y275 %. wasi-libc i C FFEDEMET 4 77V libc ® WAST [AIIFELRETH D, fopen
X fread &\ o 72RO FEH LA WASI D X7 4 a— LIZZEH#23 5. Python
X Ruby ¥ DA ¥ &7 X FiE% WebAssembly TEMEX B 255, ZHLH6DT7 V&R
A L0 CEHRTHEESNTVS D, [FAFRIC wasi-libe ZREHT 5.

—77, Rust DHEIF wasi-1libe ZHHL7ZWV. Rust DEFHES £ 75 VU ik WASI % —
oy FANFICHE OREERE->TED, std::fs ¥ D API IX[EE WASI O AT A
a— VRS

WENDEED, ®EMICIE vasi_snapshot_previewl.path_open 72 ¥ ® WASI B
B H N2 (K 3.1). ZOMOH LSBT % 5E2E Wasm £ 2 — LT
FEL7 W=, AED S DHAE L LT import section IZit# X 5.

Wasmtime 7% £ D WebAssembly 7 > & A 41%, Wasm £ 2—)lZzna—FLTA ~
2 & v 2t F BB, import section IZFL#E X 117z path open Z R R Ml (5> & A 4
) \ZIFfE S % wasi_snapshot_previewl.path_open EEEIIHRT 2. ZDEE,
CHLZERZN OS DEBEDT7 7 A VT AT LEIENE B L TEITT 3. ZOK, &
X2V 7 4 BERT %7291 [Capability-based Security ] EF A HHAI N T W3,
WebAssembly 7 7V 7 —>a ik, RRA VD7 7 ANV AT LARIKIIT VA TESD
TR L, FTIRRICBRIICEFRI S 7z 7 4 L7 MU (Preopened Directory) 12X L
TDAT ZRADRRETH 5. 72X A LIENERNIZ, WebAssembly D7 7 4 L7 4
AZVTREFZAMUDT 7 A NT 4 A2V TRDEMT — TV RRL, FAlEh-4
FNTOBECTHZ Z e BMAEL 72 LT, RRA MDY AT La—L%2HTT 5 [31].

3.4 WASI Preview 2 & Component Model

2024 FICIERFER X7z WASI Preview 2 TlX, 7—F 7 7 F ¥ DIRARNCRIHT &
1, TComponent Model] ¥\ 5 #i7=RBERDEA XNz, Preview 1 B3E/ Vv 77



AN

fopen("test.txt", "r")

N | enk
1010
10I0| Core wasm Module (.wasm /\-f FUR)
code section import section
wasi-libc @ fopen 33 wasi_snapshot_previewl
AT .path_open
wasi_snapshot_previewl
.path_open ZIFU'HT

ﬁ O—RLTIY2RYVRAE é»fyz&‘yzmlﬁ(:

v
wasmtime (58 L) | A X EY
wasi_snapshot_preview1 5£3& WASI Context
“ 2R . fd OEBRF—TIL
{ RBBTIRR kD syscall ZIES } - preopens

X 3.1: WASI Preview 1 IZBIF3 7 7 A VT AT LT 71 ZDHE

AT LA—NEETHo7=DITH L, Preview 2 TIHEENEY 2 —fbEh, 4 & —
71— AERSBETH S WIT (Wasm Interface Type) ZHWTHZFICHERINS X
5127 - 7= [32].

Component Model 1%, ##(® WebAssembly N4 FV (2 R—3> ) E2HAGD
BC—2D7 V75— a2 METL2-000ATHS [33]. FarF—xr I
"World) &MHINZBRFERICHE - TEMEL, BELKEZ A R — L, 24t 25aE
BZIZAR—1PF2. ZHUCKD, SHEOEZEZ LI Y R—3 2 MEOEES, KEED
A MDA B L 7.

T77ANIAT LT Z7E2RIZEHLTH, wasi:filesystem X° wasi:io & W\ o 7257
LAy 2 =7z2—2 (WIT Ry =) L LTERSND LICEES N, 7TV
r— a ¥ % Component Model XJGD X —7" v b wasm32-wasip2 T/ FT B¢, 4
ENZaryR—3 ¥ ME, EROBIERN—ZAD T AT La—1TiEiL, WIT TEF
ENTEMURAVIGA B —T 2 — R Z A Y R—FT 5 X513 (X 3.2).

FITROHAHAX Preview 1 EREETH D, RFAMIDZ > X4 2 BZNHDA ¥ X —

10



AN

std::fs::read("test.txt")

AN
1010
1010

code section

wasi:filesystem 72 &E D
WIT EZICcBE& L
AIH—TJ1—R%

FUOHEII—R

ﬁa—ﬁuz«yzgyzm

wasmtime (5491 4)

wasi:

wasi:filesystem &

N

[ AFLTRR ~D syscall ZIF3

J

ﬂ target=wasip2 TEJLR
wasm component (.wasm /- F-UR)

import section

filesystem

4 IRV R{LEFIC
vro R MRIXEY
WASI Context
2R » Resource Table

+ preopens

K 3.2: WASI Preview 2 IBIF 27 7 A VAT AT 7t XD

71— ADEERRMT S, UL, Component Model DEFEAIZ LD, KA MlDFEE
ZHlD WebAssembly 2 2 R—% > PAEBH#T 2 2 e, BfFOEEL T v 7T 2%
BHITEBTEDL LI o7, T, AHETIRETS2HRRXMNEHREZ 7 ALV T

LR T 2 FCEERREE 3.

11



E4E

TR MIFKEFRT
FATHRZE & € DR

AINATLD

fr <

WebAssembly 7 7V 7 —>a Y27 7 4 VY X7 LERER IR L DD, KX MR
NDOEAE W B Y) 23 A TV DTN T E . AETIERRNLZETHEME LT
wasi-vfs [34] BX LK wasi-virt [35] ICOWTHEH L, ZhZNOFELERT 5.

4.1 wasi-vfs & Wizer IC &k Z1R*E1t

wasi-vfs [34] I, J£4 Ruby % Python W7z A ¥ %7V X FiE% WebAssembly
ETEIEXE 2 7-IcHFE XN/ VFS (Virtual File System) TH3. ZNOHDEFET
VERALZ, BES AT ) R —RTERDIIZEDT7 7 ANERLEE TR, KRR
MZZNHDT7 7 A NVZEE LR TIUIEEL RV E WS D H - 2.

wasi-vfs D7 v —F1%, WASI Preview 1 0% % 7 v 7 L, WebAssembly E
D a— VNEICHDAENZRIET 7 A VT AT LN LU TEEZITS VWS BDTH
%. BRI, wasi-vfs )% wasi_snapshot_previewl @ path_open 72 ¥ DBHE D
KELREEL, EILFRICY Y7 X825 Z2212&- T, import €27 > a2 YIZZEN B
g 51292, ZOHMAICED, 77 AP RT AFOH LIEARR MMl
EMOHT 2L, Wasm £ 2 — LVE CUBEERET 2 L 512k 5.

7 7 ANVDOMEDIAAIZIE Wizer WS Y — UBTERH I NS, Wizer & WebAssembly
EY 2 —LOHEFHHLY =L TH D, TS 2a—NB—FETL, LIRS T L
R CTOXEVIREE (RF vy > avy ) ZH R WebAssembly N4 FV & LTH)
5. wasi-vis ZINEMAHL, BRELZT7 7 A LEXEY EICEMLIIREDRF v 7

12



AN
e [

fopen("test.txt", "r") wasi-vfs [RiRT 371 LI KU

N = Pack B5(C 128323
1010

1010| Core wasm Module (.wasm /\1 F+URA) REXEV

code section data section
WASI Context

wasi-libc @ fopen &% YUFPSARENi . = —
o [ TP ALY RF B } fd OF =T
[ wasi_snapshot_pr‘eviewl} BoRAEND
.path_open ZIUHET
[ EILREEICY Vo import section
wasi_snapshot_previewl N ERSn
.path_open =% = F271IWIRTLAD
(wasi-vfs [C & Bi24t) P
| okt vy
wasmtime (V%91 L) IRRMIXEY

4.1: wasi-vfs #EH

Yav bEERT S I8 T, FITRCEH 20D 7 7 AADBEET 20D LD IR HES
(X 4.1).

L2L, ZOFHERIEEVWLO2OFEND 5. H—1Z, WASI Preview 1 BX
wasi-1libc IZHEKFFLTED, wasi-libc ZHH LW Rust 2 ¥ D FFETIIFIH D
HEL W, IS, wasi-vEs OEBLEFHAMDHEHTH D, ETHIERINLT—ZD
Kb B L UCERZ 7 7 A VOB R— b INTWiRWV., F=1Z, 774 LT AT L
M7 TV r—=Yarye—KMELTLES e, BHROT7 7V r—>a VT 7 74 %3t
HTERL.

4.2 wasi-virt IC&BDAVR—R>Y R—=XDRAE{L

wasi-virt [35] &, Component Model DFEZED LBy —LTHB. Th
%, wasi:filesystem f ¥ X —7 =z —RX% L7 AR — 3% WebAssembly 2 > R—%
YR LTEEXRTBY, 77V r—YaryaryR—xrbeEK (Compose) 552
L THARET 5.

13



WebAssembly Composition (wac) ¥ DY — L EHWTEREITZAIRX, 77V 75—
YavhA YKR—17F % wasi:filesystem %, wasi-virt MM T 2 EEICELEZ S
CEMTEL. ZRICEKD, 7V F—Yarva—FEYEETZI R, 7740
77 e RERRRITICENT 2 Z e S A[REL 72 5 (X 4.2). BARINICE, 7SV - a
UHHENREIND T VR—F NI wasi:filesystem % import § 5723, wasi-virt
MOHEILREND AV R—FY MIFNE export T30, MEEHAGDETHEAL
TeNA F U TIMRIEEDRIRE N, import £ 27 > 3 Y IT wasi:filesystem 13O KRR
5. 20D, n—RFLTA Y AR 2LENTED F R MIloFEBIF O Eh s
7.

AN

std::fs::read("test.txt") wasi-virt [RRT 37T L oK
Pack BIC
N EILR N | ELR EORS
1010
1010/ wasm component 1010/ wasm component BREXED
code section data section
filesvstem £ E D WASI Context
wasi:filesystem 7 RN .
WIT ERICES U { FaLORUN ] Resource Table
AVH—DI—R% BHRAEND |=E
IFUHe I—R R
code section
import section
S wasi:filesystem S22 EBRshc
wasi:filesystem LS (wasi-virt [C & B124) T7ALILYRATFLAD
2R P&
export section
wasi:filesystem
BONICHESLTI DONrFUIC
l O—RLTAIYRIVZRIE
wasmtime (S 9 1 4) IR MMUXEY

4.2: wasi-virt H#

wasi-virt X R —Z BV 7 4 OB ETIZEN TV S, FIRDOFEETIIHEEDIREDN
THDH, 2026 F 1 ARFETEFHAMD FHr I TWS [35]. £/, wasi-vEs A
BR, EARICIZHE—D7 TV =2 a VIR FNBHBIRTH D, BT 7V r— a3

14



YHEITOERL T 7 A VHFR, R P L — e DRIIE W o @R BTG T
RN

43 BIFFEOREREBCAHAROEN

WASIL ZMLERRA 7 7 AL AT LAANDT 7R RIE, ¥ PRy 7 ZDOMRHEET
Wi tFaV T4 LOBRY, OSHOERICEIZR—ZL ) 74 OHFL WS HER
HWZTWS. BHFORBILTETH % wasi-vEs R wasi-virt 1%, D WebAssembly
7TV =2 a YETH—ORBEX N —Y2HET 229, MOy FT—2 X b
L— Y L BEBINCAE S 2 2 Vo RRBMERNE B I ATV,

AR DHMNE, o OEZMEIRL, WebAssembly D% > R Ry 7 2 R—%
VT 1 BHEFEL DD, ZRRRFEITIRBICHICAIREREAE 7 7 4 VS AT LR EET - F%E
T2 TH5. BARICIE, UFRD 3 2OBEHZMZTI AT LAZHERET 3.

1. KA OS DT 7 £ IV AT L 5 DB b

2. WASI Preview 2 f VX —7 2 — A2 OHEEIC X2, BIF7 7V r—> a >0
BIETOEE

3. —RF =R LFET T4 X (BHEKR, @7 7V 75— a v
TOHE, RPC I X 281K DEH

RELETIE, TNSDOBEHEEFT 27200 3505 EY 7o —FIZonWTiHRT 3.

15



EHE

TR FIEKTFEL
LDE%ET & 3E:

4

RET7AILRT

A Y2
H.

i

KREDSE 7EICPIIT, K TIRET 2 3 DORL MUK 2 KR MNEKIEY 7
ANT AT LDFEEIZOWTHIRT 5. £FTAETIE, Component Model DA FLHE
Wiz, 770 75— ar e 774V AT LEENCHEET 2 ERCOVWTEHRE 5.

5.1 Component Model ICHITBRET 71 Il X T LRE
i B

Component Model IZBWT, a Y R—3 ¥ bR EYL T 268 (Import) DR X
BRWIGE, TOETIIKNT 5. @, 77 ANV R T L1#E (vasi:filesystem) DE
HIEZ7 R4 L GRAR) IT&o TR S, ZhziEH D WebAssembly 2 > 7R —
2V MTEoTHREES Z 8T, FRAMMREFRREZHETE 5.

D770 —=FITRBREL DT T, HNBREREBNZY > 7D 2ODTERH L. K
BECHRHT 2R ERIE, ELVRRE7 )V r—YayaryR—x> b 7741
AT HLAYR=—FY MEMEL, H—® WebAssembly N4 FV (.wasm) Z4ENKT 3,
wasi-virt ICHELPIL72FETH S, 2T kb, 7024 2INGEMOREKRe 77 74 >~
BB Y 3, WASI Preview 2 ICHIE L2 T Y R A 20HIUIY T THENET 2 K—X
VT4 D@L FVRERTES. LUNTRATY Tu—F% HHNERT 7a—F
CIEFRS 5.

16



5.2 BMER77O—FD> X T LK

NG 7 a—F O EK 5.1 1ITRT.

Yy—23-KR

EL RERY

N
VFS Adapter

WIT E#

export wasi:filesystem

N
é App V—2R3—R

std::fs::read("test.txt")

WIT BERZEREL U L
fs-core OB LICZ®R —

target=wasip2 T target=wasip2 T
LR LR

1010
1010/ app component 1010/ adapter component

code section data section
Pack §¥(C

wasi:filesystem 72 & D RSN BEAH
WIT B&ICES L7 [ FALORUB ] -
AV —2J1—R% BoHarxEnd
WFUEgI—R
4 - code section
|mport section

wasi:filesystem %

wasi:filesystem (wasi-virt [C&212{)

export section

wasi:filesystem

N

wac TEHIICER (.wasm)

AN
1010
1010/ wasm component

AN
:g:g app component WASI filesystem @
Import % Export (&7 U
IOI
1010 adapter component

5.1: § Y > 7 RBoE

Y—23-—R BI% [

wES1TSY

fs-core

AVAEUI 7ML

I RATLD
POYY o

=

BB 371 LK

1. App: —¥Witil L7z WebAssembly 7 7V 7 — a2 > THDH, Rust D std::fs
2 C SEOEEAMNBEEE Wo Tz, Tu s oIV SEEEOEES 4 750 %
ERH L CEibE g, a > M LRI, V= F = — VI X o T I s DR

17



TAEREFE O LAY WAST AD A VR — A ZEHIX A, #EHR e LT wasifilesystem
PAVE—FERIZEDaYR—F VP LTHEREINS.

2. VFS Adapter: wasi:filesystem f X — 7z —X%FEEL, T/ XARK-1+F
% Adapter 2> KR—3% > . NET fs-core 74 77V ERMAL, AEro D
77 ANEEY 7 T X b % fs-core DIFIEANE EHLT 5.

3. fs-core: KR THELLAVAEY 77 AN AT LOHKBEY v 7. Rust T
FEXN, Inode BEH, Jov 7EDYT, 4L 27 bV VYDEHERY, Ik
7 7 ANV AT LADOEARNLHGEZ X £V LTS 5.

Listing 5.1: fs-core I8} % Inode &k

—_

pub struct Metadata {
pub size: u64,
pub created: u64,
pub modified: u64,
pub permissions: ulé6,

pub is_dir: bool,

© 0 N O O s W N

pub enum FileContent {
File(BlockStorage),
Dir (BTreeMap<String, InodeId>),

O S e
[ N e )
-

pub struct Inode {
pub id: Inodeld,
pub metadata: Metadata,

e e
N O >

pub content: FileContent,

H
oo
“

5.3 fs-core MERFT ¥ K

fs-core |, UNIX 7 7 A LT AT AIZBIT % inode o7 1 v 7 EHOWMZESEZ,
i L U728 2 F5D. $RTDF— &1 WebAssembly OFE X €V _RICRIFEN 5.

77 ANY AT LADART —&IF Inode HERIZ K o THEMEINS., VX 51
fs-core @ Inode HHEAZ /RS, Inode 121X, 77 A VR (77 A4 LFERET4 L2 b
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V), ¥4 X, X—=3Ivray, EHRZEOBHEREIEENE. 774 VDET—
&@,EE§®N4FRW(7Dy7)@UXFZLT%@%&,774»@@%&@
THHNZXEY2EID HToN 5.

TA4LZ MV, 774058 Inode BEDRTZ ZRETLRHBR 7 7 AL LTH
LINTWD., ZUTED, BENZT L7 FUMEZXEY ETRBLTWS
fs-core ML wasi-virt D VFS FHEr Z2OE-EZFE UL LTWEH, KiFFEDOH
(%R S 2 72 DI E ORRGHIED T HBUCEE 21T o 2. BIFED wasi-virt 128 %
7 7 ANT AT LFEHE, FICEL RSB 28N EREOFREE FIRICEVWTED, &
EPUNZS (B bem&h—ﬁf REETIEZALZEL T 7 A VEREZ R
5. oI, BT IEMa RS METOREZREEZ, ALy Fe—Tk5dE
NEBZIZYID & A AIREZLE J%%ﬁbk BARRNZIE, XEVEHIZ Rust DA~ — |
RAVERZERHL, B—XAL vy FATORELE, B L v FHETOPMBHIEZ 2 > %
ANFICYIDEZFIREL T4 Z & T, ETBREBICL UMM ZEI L T\W5s. Gl
REREHNZTOWTIE Appendix A ZZH4.

5.4 vfs-adapter & wac plug IC& B3GR

vfs-adapter (%, Component Model ® WIT EZRIZHEW, wasi: filesystem/preopens
X wasi:filesystem/types Y \W\Wo 7oA YR —T7 = —REFHET L. fHlZIX, open-at
BIRFENH X3 &, Adapter 13 SAZf#HT L, fs-core NDE% él‘?'Z) Inode %R
L, 774V T 4 A7 VT REZERL TEHNT 5.

RPN F Y DERICIE, wac plug I~V Y FEMHATE. ZHhickb, App
Component ¥ Adapter Z & L, App Component @ import % vis-adapter @ export
THERT 5.

Listing 5.2: wac 2~<v Y NiZXk23aYR—3> bDEK

1 wac plug app.wasm ——-plug vfs—adapter.wasm —o bundled-app.wasm

AN 47z bundled-app.wasm |, HMEBAND wasi:filesystem 4 ¥ R— b 2FfT,
WEICTHEM L TWE ), EDXIRARA MRETHR—DEFH 2R T.
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5.5 #RiEERE
5.5.1 BIEMREE

—EDT 7MIVY AT LIRF =R

77 ANT AT LEERITS 7 SV — a % Rust Titib L, b FNEICIH - T
wasm XA F U 7 7 L )LIZE I R LTz BT wasmtime CLI ZFHWTEIT L. EfTL-
7TV r—=aryda—FRxzY R+ 53, EOMREXR 5218 T. 7SV S—Ya v
a— NIEEDT7 s AN AT L APIZHHLT, T4 L2 FVDIERK, 774 1D—
BRR, XXT—XOHUT, HFEAAL, GisihA, HIRZETLTWS. ETHRED,
HEXAAR T 7ANDRART—=ROEERBLS 7 7 A VNEDHAH LHAIRETH S Z &
DR T &= 7=,

Listing 5.3: 77 A VS R T LERITH5 7 SV r—>ava—F

1 use std::fs;

2 use std::io::Write;

3

4 fn main() {

5 let directory_path = "/testdir";

6 fs::create_dir(directory_path);

7

8 let nested_directory_path = "/testdir/subl/sub2";

9 fs::create_dir_all(nested_directory_path);

10

11 let file_path = "/testdir/test.txt";

12 let content = "Hello,from Component Model!";

13 fs::write(file_path, content);

14

15 let metadata = fs::metadata(file_path);

16 println! ("File metadata: {:7}", metadata);

17

18 let read_content = fs::read_to_string(file_path);

19 println! ("Read content: {}", read_content.unwrap());
20

21 fs::read_dir(directory_path) .unwrap().for_each(|entry| {
22 let entry = entry.unwrap();

20



23 println! ("Entry: {}", entry.path().display());

24 1)

25

26 fs::remove_file(file_path);

27

28 fs::read_dir(directory_path) .unwrap().for_each(|entry| {

29 let entry = entry.unwrap();

30 println! ("Entry_after file remove: {}", entry.path().
display());

31 1

32 }

File metadata: Ok{Metadata { file_type: FileType { is_file: true, is_dir: false, is_s
ymlink: false, .. }, permissions: Permissions(FilePermissions { readonly: false }), 1
en: 27, modified: SystemTime(1767258776s), accessed: SystemTime(1767250776s), created
: SystemTime(1767258776s), .. })

Read content: Hello from Component Model!
Entry: /testdir/subl

Entry: /testdir/test.txt

Entry after file remove: /testdir/subl

K 5.2: 77 AV AT LRIEWEREREORAZ ) —> > ay b

EHLIET7 7AWV RTLICTIERATESC L2 MR

EHEIFRFICERE 7 7 A Ve itAIAL I — A7 — 22 EL, XY R T AL FRHIZEE
DT 4 L7 bVU% data section I[ZHiDHiAAL, EEIFFHIZAEY LORMET7 7 LA L2 2T 4
WWERMT % CLI ZHRMt L Twa. CLI ZFHATIUL, 8ELLT 4 L2 MY Z2EDIAA
72 wasm XA FVZ YA b 54 DEXIWERTE 5.

Listing 5.4: A THFE L7z CLI Y =M X2 L RREDOT 4 L7 b ) HEDAA

1 halycon-pack —-- embed /tmp/composed.wasm —--mount /data=/tmp/vfs-—
test-data -o /tmp/final.wasm

CDEIICLTERINZAL F Y% wasmtime TEITTIURX, 7V Fr—>arh
SRAMLZT 4 L2 MY OHEEFHAAL I LD TES (K 5.3).
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Root directory contents:
[DIR] /data

/data directory contents:
[DIR] /data/config
[FILE] /data/hello.txt

Reading /data/hello.txt:
Content: Hello from embedded file!

Reading /data/config/settings.json:
Content: {"version": "1.0", "name": "test"}

K 5.3: 77 AV RAT LRMHERREORAZ ) —> > a v b

552 A—XR7T—X

ZOWRIX, RE7 7 ANV EEML THAADHBDIZD, FZAADOREZEDL L
T, —RREEEBEDREL T2 7 7V r—2 are, BIKT X MRBETOR I D E
LTW3. flziE, av 4 PGy —Liy, A7 7 A VEEBRLTHAITS
X BNy FUEIZBNWT, HEIZ7 7 ANVERAIND T 7 A VT AT LIRFT DI LR
SHFREATS Z e DAJREL 72 5.

ZIZTIX, AIT—ROFAAAR, FHT7 7 A VDER, WEHTOEREZIT S B
HARAT7A4 0 DA—RT —ARRHT . 77V r—>a EFHTEY—Ra—Ko
P2 VRS 55 ITRT. ZOXIE, EiRT—XEMLLTEEXHLLDL, Zh%xit
AU TRBEOUHZITS T TE 3.

IOLA—RT7 7 AN TN LT —2E#EZHS Ny FUBICBWT, #NERT 7
0—FIIERRFEERS.

Listing 5.5: H{RUUE A4 FF74 DY —2a—F

1 use std::fs;

2

3 fn main() {

4 // HBg

5 fs::write("/input/photo.raw", b"RAWIMG_DATA") .unwrap();

6

7 let raw_data = fs::read("/input/photo.raw").unwrap();

8 let resized_data = process_resize(raw_data); // %"z%‘i%\mg
9 fs::write("/work/resized.dat", resized_data).unwrap();

10

11 let tmp_data = fs::read("/work/resized.dat") .unwrap();

22



12 let png_data = process_convert(tmp_data); // RE(FEHE

13 fs::write("/output/photo.png", png_data).unwrap();
14 }
55.3 ReB

K770 —FDTFAVy b2 LT, 77A4NLVTRATLDIREDNA VAR VAT L ITHAT
LTEBD, 7R XDETEEBIZT—XNHRT 2EBETONS. £/, EFOT7 S
Vr—2alhbR—D7 7 AN AT LRSI 2 IETER.,
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E6E

BT TV Tr—a> RAICHEITS
771N AT LEBDER

6.1 B—IYR—3> FRTHEDRF

METIRE LT SV r—>ar e 7 7 AV AT LEEINCERT 2 FEEZ, &0
A=V T1tXxaV) 74 28T 24T, 77— 2HEOB S TIIRERHFINIF
f£3 5. % WebAssembly £ ¥ X & > AWML LTz fs-core 2D, HEL VARV
AMEBXAATLE 77 A0V %, HlIDOAL VAR ADEFHAID 2 8B TER.

EIZDY — AN ZRFER Ty Yar¥a—7 4 YIZOBE T, o7 ) r—ya
YHEM LT T 7 ANEREDR T TV r—2 a VG ANT I T H#HO R AT %
FERT B84 T57 A4 VIR, HBEORET 7 ANy Y a VERESRT 55— AN
FETS. ZOXIBRIA—ZAFT—RZBWT, 77 ANT AT LDIRENA VAR VAT
LRI R T WA Z I e D18 5.

Z ZTCTAETIX, Component Model DFX#MEZTENL, 77 ANV AT LDFERER K
2 MREBANCHEE T2 22T, F—7 ot RNTEEST 2 EE D WebAssembly 7 7V
r—a MTO7 7 ANV AT AHEEEER T Z2FECOVTHL 5.

6.2 FTAMUTHOTI >R —T T —RARHE

Component Model IZBWT, I YR—3 Y ’D3{ VR— 1T 5 wasi:filesystem 7%
YDA YR =7 2 —RFEHEIE, 4T LD WebAssembly 2 VKR —1 ¥ b TH SHEIEAK
W, AR MIlOTv 7T A%zidih$ % Rust ° Go REDFETELEEREL, 1 v RAE Y
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AMEDBRIZ N B DEEEZ AV R— Y PDA Y R— FERICEI DY TS Z L HAEET
»H5.

ZOFHETIE, AR ot ANICHARIEERIRRE (Shared State) ¥ LT fs-core D
A VAR AZRFET 5. Rust G2V 555, wasi:filesystem 722D WIT £
75 wit-bindgen IC &k > TAEMINRA MDD ML A4 M 2RETZZET, K774
NARTEITN S 2 BARR 2 250 R T 5.

T—=X%77F v ZUTOWKERE» S5 (M 6.1). LMFTRZIO7 7 u—F% KX
LA MNEET T —F LIRT 5.

1. VFS Host: Trait ZEE L7z Rust D74 77V TH D, NERTHIABD fs-core %
FEOCHYT. K7 70 —F TR 7 7 ALY AT LADEKIZFRA MIFEL, WILF R
Ly RTEIET 578, fs-core ZAL v FE—77kn vy 7##E (RwLock) IZX-
THREIN-E— FIIBELTHHT 3.

2. Runner: Y — 23— FHAT Wasm DA F U DR EFEE L, WebAssembly 7
TV —yarveEA Y RAXR 2T 5. ZDFE, Linker 12Xt LT VisHostState ~\
OBREET. kD, 7V 5= a v oD vasi:filesystem MU
LiE, FA FAD VisHostState DX Y v RAE T 4 A0y F X5, Runner &
VFS Host [FfX4, X4 T4 74 FVE LTEILRINS.

3. B8 ®D App Component: ZHNZHMIL L TA Y RAX Y Z{LEINB D,
wasi:filesystem 4 >R — M VFS Host 12 & o TR X, fs-core MU LAZE
g, BRI, BEA VARV ADE—DTZ 7 AN AT LEHET 3.

AWFFETIHEE L7 fs-core 1X, wILF AL v REBRICBY 2Tty 7F— 2 0BEE%
WAL S 5729, ZJEHEoMERry Z7EBEHRALTWS. H—EL LT, Inode BX
BT 7 ANTF 4 A7) FREEHT 27— 702, MiRED Y 21k 2@8M TNy > 2
~v 7 TH% DashMap Z#EAT 52T, 7—7 A2k H—0uy 7 TRET ZED
RV ry ZZ2HRL, B2y MVIHT2RBECHA, HIFRICEBI 2 &0z
PERBLUZ. BETIE, 4D Inode DFEALR% Arc<RwLock<Inode>>TIRi#EL, [Fl—
77 ANMINT BT 72 ZADREERFIEHIL T3, RwLock DEFHICED, BHDOAL v
FIZ X 2 ARFHLARD ZFFE L 2D, &HZFIAARIIIPHMEN L Y 7 e X 2555 Z &
T, T ZOBEWEERHEMFELTVWS. 72, Inode ID T 7 A LT 4 227 T RDRE
WIFBEHIZ S Atomic MOZERIC X 20y 77V —h v eV Z 2T, EHE
7 7 ANVERFHCB T 2HazE# L TWs., ZNHDKGEHCED, Bb 7740
DEIRHREZNATIL T 52—/ T, F—7 7 AU LT3Rzt cx 3.
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Yy—23-K

ELRERY

6.3 &

N
é App 1 V—23—R

std::fs::read("test.txt")

target=wasip2 T

AN
1010
1010| app component 1

code section
wasi:filesystem 72 & D
WIT BHICBE LT
AVH—DI1—-%
FUEII—R
import section

wasi:filesystem

AN
App2 V—2RI—RK

std::fs::read("test.txt")

target=wasip2 T

N
1010
1010| app component 2

code section

wasi:filesystem 72 & @
WIT B&(CBE U
AVH—D1—-R%
WUEgI—R

import section

wasi:filesystem

VFS Host

N N
é Runner é (Rust D51 75V)

RLFATIAFY

Load Load

X 6.1:

5l & ERRH

6.3.1 BIFHREE

AREROFEIEL LT, FXABHT7 TV —> 3>y (Writer) LanAAARHT 7V 7 —
a¥ (Reader) D2 O0FHELE. D7V r—2a i, WiEFEre—RFLTH
79 % Runner 2N/ LT, [A—DEKR+Fat2 FCIEXEFFXN 5. Runner, Writer,
Reader ® YV —Xa—FZZhZHhV X 6.1, 6.2, 6.3 IZ/~F. Runner 25 Writer @
wasm 7 7 [ LE R — R LCEEHXHE, 73 A M eEZAATKT L7, FFEIZ Runner
M reader D wasm 7 7 f VxR — KL CEEBIIESE, Y%7 74V ZIEL L GiARN

32 e DHERTES (K 6.2).

AR MUA MNEET T n—F OE

Listing 6.1: Runner @Y — 22— F (##})

Y—-23-k Y—23-k
.wasm Z0—RUT Wa:i\'/{ill-e;n:;?tem
LYY YRLL e si:
EITY 20BERR I NEERS NI
wasi:filesystem £ & LT Host Trlalt ’é%% L
VFS Host 2 v Y fs-core IO U (CZ5ia
lﬁ&@U&b
&ES 1T KESATSY
wasmtime fs-core
Y
RATATI—F Yy RTELR
AN
1010
1010

1 let vfs_host_statel

vfs_adapter_path)

26

.context ("Failed, to create VfsHostState")?;

= vfs_host::VfsHostState::new(engine,




[* BN TN NG BN

10

11
12

13
14
15
16
17
18
19
20
21

© 00 N O Ut ks W

e e e
=W N = O

let mut storel = Store::new(engine, vfs_host_statel);
let mut linkerl = wasmtime::component::Linker::new(engine);

vfs_host::add_to_linker_with_vfs(&mut linker1)?;

let writer_path = "../../../target/wasm32-wasip2/debug/demo-
writer.wasm";

let writer_component =
Component::from_file(engine, writer_path).context("Failed to

load, demo-writer.wasm")?;

let writer_command = Command::instantiate (&mut storel, &
writer_component, &linkerl)

.context ("Failed, to,instantiate demo-writer")?;

// EELTET

match writer_command.wasi_cli_run().call_run(&mut storel) {

0k (0k(())) => println!("demo-writer executed successfully"),

/7. .. FRE&

// [ERRIC reader ® instance {b

Listing 6.2: Writer ®Y — 22— F ($k#})

use std::fs;

fn main() {
println! ("===_ VFS Demo App, l: File Writer ===");
let message = "Hello,from Appl!";
println! ("\nWriting ,file: ,/message.txt");
match fs::write("/message.txt", message) {
0k(()) => println! (" Wrote {}_ bytes", message.len()),
Err(e) => {
eprintln! (" Failed_ to write: {}", e);

return;

27



Listing 6.3: Reader ® Y — 22— F (#k#)

1 use std::fs;

© 00 N O Ot kW N

[ N T e e e e e e
SO © 0o N O Utk W N = O

[\]
S
-

fn main() {

println! ("===_VFS, Demo App 2: File Reader ===");

println! ("\nGetting ,file metadata: ,/message.txt");
match fs::metadata("/message.txt") {
Ok (meta) => {
println! (" Fileysize: {}_bytes", meta.len());
}
// Blg. ..
}
println! ("\nReading file: /message.txt");
match fs::read_to_string("/message.txt") {
Ok (content) => {

println! (" Content  ({} bytes):", content.len());

println! ("o \"{}\"", content);
}
// Eg. ..

Creating shared VfsHostState...

Running demo-writer (Appl)...
=== VFS Demo App 1: File Writer ===

Writing file: /message.txt
Wrote 16 bytes

=== Appl completed successfully ===
demo-writer executed successfully

Running demo-reader (App2) with shared VFS...
=== VFS Demo App 2: File Reader ===

Getting file metadata: /message.txt
File size: 16 bytes

Reading file: /message.txt
Content (16 bytes):
"Hello from Appl!"

K 6.2: RZA LA FEEY O —FOBIEMER
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X 52, WHIETRORE Y LT, #7775 — a vy EREFHCA VA& 221k
LTETL, FU 77 A40cxt UTHEFICER S8 2 EEMREEIT - 2. BRI,
Wasm 7 7V 7 —> a4 0%, ThZ2itE7% % CLIENT ID (CLIENT_001 )
ARG L ECHFFICERIL, F—7 740 11732, ¥—4 v 2%FS (SEQ_00000
ERX) 2 & T 200 BB Z1To 7. fEE N7 7 A VO EEZK 6.3 IZRT. —DD
=7 Y AFEFITOWT CLIENT 001-004 OEZAANERTEHEINTED, FRFEZA
A X BT —RDOREPHIEPFREL TORWI MR TE S, £, (&N 7 >
ANV DOITEIEEZIAADEGEIEE =B LWz, DX, #kne vy ZHl#E»TThh
T3, T—RBEHEEEIT IR 77 A VOHEEDARETH 5 Z & 2R L /-.

[1768658561205] CLIENT_@02:SEQ_00000
[1768658561205] CLIENT_@03:SEQ_00000

[1768658561205] CLIENT_@01:SEQ_00000
[1768658561205] CLIENT_004:SEQ_00000

[1768658561307] CLIENT_@04:SEQ_00001
[1768658561307] CLIENT_001:SEQ_00001
[1768658561307] CLIENT 003:SEQ 00001
[1768658561307] CLIENT 002:SEQ 00001
[1768658561409] CLIENT @001:SEQ 000082

6.3: [FIRFE XA AR DZEBER

6.32 1—RT—X

KA PLA P7TR—FORKOHHIL, AI—D7 7 4V 2T 1FEK (fs-core) %,
BED WebAssembly 4 Y A XV AMTHETEZ2I1CH 5. HEINLILI—RT—A
LT, BRIy YT AL R ETOT RS T4 0D3DDb. LT —X%
ZELTR7 7 ANCEEHTBRER Ingest TV 2a—L ¥, 2O 7 7 A4 VEEHRNIC
At LT - EfEZ1T 5 Process Y 2 — L&l 4 D WebAssembly 7 7V 7 —3 =
Ve LTHEEL, HEXBZINTES. 20X IHEEEEY 2 — VHEMNTHEEST 5
i, X2V 74 B SRIMERDOFERIZEH S 2 L TAEMTHE. FET 22—
EMALLayR—2 Y b UTHREEL, EITICRELRER/NROWERD A Z RN AT 55
58T, AT LAEKRORENLZH LS ELIENTES.

ZOIEFPIEEEINDE LA —RA LT, VZITRXFZEIZ WebAssembly A >~ A &
Y REAER L T Z1T 5 Fermyon Spin D X 5 BRERKICBWT, 77 A VY AT L%
LTV 7R MEADT—REHET2F vy v P a2 —NOEEPETOLND. Frvia
=DV —=RXa—F%ZV I 6.41TRT. TIZTWX, VZITRINHRS7UIZ handler
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(wasm 77V r—>ay) 24 Y RAX Y Z{LLTALS EIFTWS. ZRAL6DA VAR Y
ADHBED 7 7 ANV AT L E2HET 2729, FU path AND7 7+ X5 TTL DIFICH
CETE, Frvoaby beARLTZ7 74NV AT A0OEREIFITGRAITE 3

(% 6.4).

Listing 6.4: ¥v v > a¥—n" OV —2a—F (#if)

1 #[tokio: :main]
2 async fn main() -> Result<()> {

3
4
5

10

11
12

/7 g
let engine = Engine::new(&config)?;
let handler_component = Component::from_file(&engine,

let

let
let

let

handler_path).context ("Failed, jto load handler ,component")
75

initial_vfs_state = vfs_host::VfsHostState::new().context
("Failed, to create VfsHostState")?;

shared_vfs = initial_vfs_state.get_shared_vfs();

state = Arc::new(AppState {engine, handler_component,
shared_vfs,});

app = Router::new()

.route("/api/*path", get(handle_api_request)) // "DAEP
T Wasm 1AV R{ELLTRET
.route("/health", get(|| async { "OK" }))

.with_state(state);

30



[SERVER] Handling request: /api/users
== HTTP Cache Handler =—

Request: /fapifusers

[CACHE MISS] /apifusers

[API FETCH] /api/users (mock)

[CACHE WRITE] /cache/api_users.cache

Response:
I
1

"message": "Response for fapifusers"

L
"path": "/fapi/users",
"timestamp”: 1768645825

}

[SERVER] Handling request: /api/users
== HTTP Cache Handler ==

Request: /fapi/users

[CACHE HIT] /api/users (expires in 299s)

K 6.4: HTTP F v v a¥—NEET FrvPallby FLTWVWBZ L DR

6.3.3 FReE

CDOFHRIIBVWT, HEOHFIZH FTH—DRRA N rEANIRoshTEBD, 7
Ot 2N SEHNCEBM L7 PV 5= a VISR LT 7 7 AL AT a2 EET2 2,
ETERW., £, wasm 7 7 AN TRAIA T 4 TN F VKT T 2720, 77

O A4 BHCEEDO T > A VBT A20END 3.
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RPCZRAWE7Z77U—23>0
FHIENMDEIR

G

7.1 7OtRERZEBIATHEOVEN

HIEOFEE T n e ANTOHEEER L7203, KBRS AT 004 7 09—
VA7 =7 7F v IZBWVWTIX, TutxABRE2BI-7 7 A VHERRD NG5S
B3, HlziE, AR T T WebAssembly O ERITHBEHKEKNZ 7 —L 7 v 3 585
B, B2~y Y ETEET 27 SV r—ya VT T =X 2B LLWEET
H5.

72, YATLAREBEIEXRBZ IR LT SV S —2 a YEBNGEML, BED
77 ANTAT LT 7EREETVE WS ERBD . Zhorilidhoicik, 77
AN AT LEBEREH LY — ATt 22 LTYDHL, 2y P —2HTTY 7k
AT HEEDR DR 72 5.

72 RPCEBVWET FAILYRTLT I L RBOT—%72
Fv

AETIX, Remote Procedure Call (RPC) ZHWHh X MMRIFT 7 A VS AT LD
HEHCDVWTIdRNS., Y274 (K 7.1) EMTFoaryR—x v bTHEREhE. DR, Z
O %E RPC BIREINY Fa—F]) T 5.

1. VFS RPC Server: 7 7 A V3 AT LADER (fs-core) ZEMT AHN L12Y—
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N7FatX. TCP Y7 v b _ET Protocol Buffers Z W THE»LHD T 7 £ L4
Y 72X+ 22T 5.

2. RPC Adapter: 77U 7 —>aiZV >y 733 Adapter 2> R—% > b.
wasi:filesystem f Y& —7 = —RX%ZHET 50, WEEMEL LTIZ7 7 4 L%
% RPC V 7 =X MZZEH#L, VFS RPC Server NiX(57 5.

N N DN DN
App 1 Y—23—R App 2 Y—23—R RPC Adapter VFS RPC Server
std::fs::read("test.txt") std::fs::read("test.txt") wit 28 y—20—Rk
) TCP U L%E
export wasi:filesystem #5234 fs-core
Y—23—R U U ICZ#R
Y—23-Rk
target=wasip2 T target=wasip2 T WIT EBEEEEL l BEIFURE L
[ EILR TCP BATDI 71 )L EES1TSY
BRIEIFOE LI KR £
Is-core
target=wasip2 T target=wasip2 T
D N N EILR N EILR
— 10
ISIS app component 1 :g:g app component 2 Iglg RPC Adapter :gm VFC RPC Server
component component
code section code section code section code section
wasi:filesystem ZED wasifilesystem &0 TCP UL L%E
WIT B&CEE LT WIT BEICES UTc wasi:filesystem DEH FERIAYXEVD
AVY—D1—2R% AVH—T1—R% (TCP I U (CZit) TPV RT LERIE
WU IR WUHII—R TIRE
import section import section export section
wasi:filesystem wasi:filesystem wasi:filesystem
EILRERY | | | ’
wac THIICBR ﬁ wac TRHICBR
D D
1010
|0l0| Wasm component 1010/ wasm component 0—KLT
AVRYVRIE
A D
:g:g app component :g:g app component
N N
1010] RPC adapter |010] RPC adapter
|0I0| component 1010] component
u O-KLTAY29Y2eE ﬁ O-KLTAY2IVRAE
B wasmtime (391 A70€R) wasmtime (391 A70t2R) wasmtime (3941 ALA70t2R)
VFC RPC Server
- AVRIVZR AVRIVR component ®
RiTHR Cj 1Y2IY2
TCP R TIEIE
TCP ReBTHEIE

X 7.1: RPC BIfEN T 71 —F O#E
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7.3 B@E7OFIILREDFA

HAE12E, WASI IRECTHFHMEE/R TCP V7 v bMEEZ W3, RPC Adapter
%, 77404+ —7> (open-at) DV I TR MEZITED &, H— X LT Protocol
Buffers T2V 75 4 X L7 OpenPath V 7 TR b ZIEET 5. P — NFSRBRZITV,
BNTHE T 7 ANVT 4 A7 VTR ({d) 227547 > MRS, LIFED Read/Write
BEZ Zofdeedbicy sz b, —ll0D fs-core TUH X 5. Protocol
Buffers X v =Y ERO—H%Z VY X+ 7.1 ITRT.

Listing 7.1: Protocol Buffer ® 2 ¥ —~<iE#% (k)

1 message RpcRequest {

2 optional string session_id = 1;
3 oneof request {

4 Connect connect = 2;

5 OpenPath open_path = 3;

6 OpenAt open_at = 4;

7 Read read = 5;

8 Write write = 6;

9 Close close = 7;

10 Seek seek = 8;

11 Ftruncate ftruncate = 9;
12 Stat stat = 10;

13 Fstat fstat = 11;

14 Mkdir mkdir = 12;

15 MkdirP mkdir_p = 13;

16 Unlink unlink = 14;

17 Readdir readdir = 15;

18 ReaddirFd readdir_fd = 16;
19 Rmdir rmdir = 17;

20 AppendWrite append_write = 18;
21 }

22 }

23

24 message RpcResponse {
25 oneof response {

26 Connected connected = 1;
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27 0k ok = 2;

28 Fd fd = 3;

29 Data data = 4;

30 Written written = 5;

31 Position position = 6;

32 MetadataResponse metadata = 7;
33 DirEntries dir_entries = 8;

34 Error error = 9;

35}

36 }

37

38 message MetadataResponse {

39 uint64 size = 1

1] -

40 uint64 created 2;
41 uint64 modified = 3;
42 bool is_dir = 4;

43 }

COFFEERATAIHEZE, 77V 5r—2a e T 7ANTATLDIA THAL L%
DEETEXZ 8 THS. 77V 75r—>arPRERTLTH 7 7 AV AT LY —NEBEE
LT 5. 7z, L7V r—yaryzjl7at X CRET 5, & & LTRPC
P—=ND7 RV AZEZ27200T, BPEBIIHEET 7 A VS AT LSBT 5.

7.4 1REEC ERE
7.4.1 ENMERREE

FEMGEL LT, 2% Wasm 7 7V T —> a v biToZEHM, fl7atzxe LT
BTAH LT Wasm 77V =2 a v oBEBETE 2 2 2R L. BRI,
VFS RPC Server 3.5 FIF7IRBET, Writer 7 7V 7 —> a vy &R Fot 22 LTI
B BT TEZAARITY, X5 Reader 7V — a vaib FIFTHNEZHERL -
(K 7.2). Writer ¥ Reader ®7 PV —>a>ya— REZEREFNY X 6.2, 6.3 &[F—
Ths. EHNEE T wasmtime @ CLI THAEL 7-.
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ternbusty@parthenon halycon % wasmtime run -S inherit-netw
ork=y ./target/wasm32-wasip2/debug/composed-demo-writer.was
m

=== VFS Demo App 1: File Writer ===

Writing file: /message.txt
Wrote 16 bytes

=== Appl completed successfully ===
ternbusty@parthenon halycon % wasmtime run =S inherit-netwo
rk=y ./target/wasm32-wasip2/debug/composed-demo—reader.wasm

=== VFS Demo App 2: File Reader ===

Getting file metadata: /message.txt
File size: 32 bytes

Reading file: /message.txt
Content (32 bytes):
"Hello from Appl!"

=== App2 completed ===

7.2: RPC #RHBEL T AnSRLE7 7 ANV AT LADBRETE 2 2 L 2 HER

742 A—RT—2R

COMBIE, 7TV 5= arDA VAR Y RABHBHEKL S5 52 R T 4 ET We-
bAssembly 7V —27 0 — RZ2FETTEBRICFRICEMNTHS. &7V r—>a VB AT —
FLATHoTH, HHED RPCH—NZN L TREZRIFTE 2.

I— A7 =R LTI, ENA > 727 L —a v /#HNT 7 a4 (Continuous
Integration / Continuous Delivery; CI/CD) 84 754 YIZBIF 2L FF v v a
OEINIEEI T 5N 5. FIZ X Cl BREIC VFS RPC Server ZH#EH S, Y ar7nb
RPC Adapter ZNM L THEMIT A2 & D, Wasm 77V 75— a YIZBTJBENLR
FrvraDHEMNAREL 5. ClI OBMBICE AT o ATy SV r—a ydirh
EoThH, %25 RPCREETHEUZ 7 A VS X T LTHEAEAIRETH 5.

743 &

K770 —FDTFRAYy b LT, 2y b7—2@EICHS LA T2 DERIZFET
50%. RPC O@EA — =~y FIREHRTE LWV, LedoT, @HErOKELER
7 7R ANEREIN S HRIIINAIZTDH ZA[REMEDL D 5.
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%8
J

— h XL —2 EDFEEAEEED

%ﬁl“

=g
<

\lul

8.1 kit DFERE S3 [FIHA

CZETMLTER fs-core 3V RAEYV 77 A NI AT LATHY, BREMPLI o2
DOHEHNC L > TTF —XIFHEKT 5. FTEHICBVWTX, 7—XOKFHEIFAAI KRR —
ADHBH. £ZT, VE—FAPL =YL LT Amazon S3 B+ 7 27 PR ML=
ZMAL, 77 ANV RT LDIRREZKGULS 2 IRREREZ FI L 7.

FIFEBRRTIX, WebAssembly 7 7V 7 —> a UhSI58EHE 7 7 A VS AT L1EL
FAUA Y& —=7z—=XZ2FHLDD, EXAATNED S3 A\AENEETHS. Zh
¥ Linux 1Z3B1F % Filesystem in Userspace (FUSE) ZHW\W/z s3fs & D~w >~ b —
NERIAMERTH 2, KR L THRR POBRBEZMOTENESE 2 Z e TE 3.

S3 R, &7 7 a0 —FIZOVWTZNENFELEZENMT 2 TEBARETDHS. #
K& 7 71— Tid VEFS Adapter 12, RA + bL A pFEHEY 70 —FTld VFS Host
12, RPC 7 7m—F Tk VFS RPC Server IZZFNFNFHEELREBEMT 2. FiLTlE, #
NOWIHBE L THELZLFRAPIX =X 22O NWTHR 2.

8.2 [EHAXAHAZ=X L

FIHIERES1E, T — ROBEEMEREEIT R T+ —< Y AD ML— RA 7 ICHO X, B
DE— b%% L7z. URTE, 77V 75— ayOREIZGE EiHiAAA « EXAAR
DOFEIHEIE ., 7TV r—2 a YOBEL I L TENET 23Ny 7 775 v v FEEAIZD
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WTiRR 3,

8.2.1 gid»r A KD EIHAMKES

7TV —=2a BT 7 ANVEGAADERIZ, S35 D LT —X2HFT %
WZOWT, UTFoARZEAL .

e Read-through €—F: 77 A VA =7V F723) — FEIEDIT S3 A1)
IR MRITV, BHOT7T 220G T2 HXTH 5. HITRHORELZ ST 24
ERHHHEERA L=V LTORAIHEL TW3.

e AVAEV XY YIaE—F: FAHLZIXRTXEYV LTI AXTHE. v
PR LT 7R ATESDEm®ELED, A 7atRi2L% S3 Lo
7 — X R AR KT Z 0l S 5. BiAID BHESEWENZ 72 v b
DB, KL ATV IDPEREINZ Y- —RIZELTWS.

8.2.2 EFZIAHBDEIHAEIER

TV —=2alPNT7 s ANCEZAALENEZ, EDLHIT S3AKMT 20O
T, UToAXE2EALT-.

e Write-through £— F: write ##{FX° close #{ENFHET 572 NT, S3ITHL
THRANR 7 v 7 — K275 5N TH 2. FEOEIEFRHCBT 27— X8R Y 2
7B NRICIZ 5503, BEDHERLELT 7'V r—2 a v OEITHEEICER
HET L. mOMEEEIRD SN2 HRICEL Tn5.

o JEFAHAE—F: 77 A NREV 72X P 2NFD X 2 —IZERE L, FEFEAT S3 A
KB 2R CTH 3. 77V r— a VGBEEOFE T 2 REE T IR HITTE
5720, REODEZAANFEETIZ Ny FIUHP, 21—y s ORKEEELT
2>FVAIHEL TV

823 NvoIJ302RFEER

TV = a yOBELIIMIILT, S3 & VFS HoREEFS 5 1fA L LT,
PUN DFkREZ SRR L 2.
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e I—J)LRRE—F - URLT: RIEE7 7 A VTR T 2 OHHL T B RIZTBWT,
BEINTZS3IANT Yy VADODATI =27 bV —%2EETL, XXT—2BLUHE
F—RE—ETX Y ya— RT3 EETHB. kD, Fot BRI S3
LoIREEE VFS ICHILTE 3.

o ETag R—XDR—1) Y JEH: EMINCS3 LA TP =7 b @D ETag R L,
EEPBRINENTHEDAZRLET L7 7 ANVERET A L7 V) OESEHRELT
5. BEHTHEIIRGEZEREH CRERIRETH 5.

8.3 XL LERE
8.3.1 BIFIREL

Z ZTE, RPC FEEIEM L7z S3 FIHAKEEZ W T, S3 Hiftou -3 —NTH
% LocalStack ZHWMGE 21T o7z, FiAidA « HEZFAAZ WIS Write-through,
Read-through £— FICRE L. LURTE, Wasm 7 XV 7 —> a7 7 4L LVOFE
- EZABLEIToTDB, S3 ETHEREINALT7 7 ANV T 7R ATES L Z2MfEREL
B (2 8.1). %72, Wik S3 ECHMENLT 7 4 Mk, 77V r—3 3 ¥ hbaEAcw
(T TEZ I ZMERLE (K 8.2).

ternbusty@parthenon halycon % wasmtime run -S inherit
-network=y ./target/wasm32-wasip2/debug/composed-demo|
-writer.wasm

=== VFS Demo App 1: File Writer ===

awslocal s3 cp s!:fftest-vfs-ﬁucketfvfsffilesfmessage.txt -

Writing file: /message.txt
Wrote 16 bytes

Hello from Appi!T

bl completed successtuLLy e (b) Wasm TE &7z 7 7 4 VD% LocalStack L
(a) Wasm T7 7 A /L% Write D S3 PHIERTE S

8.1: RIET7 » A LT AT LH 5 S3 AD [ HARESR
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=== VFS Demo App 2: File Reader ===

Getting file metadata: /external-message.txt
File size: 14 bytes

Reading file: /external-message.txt
Content (14 bytes):
"Hello from S3

[INFO] [sync] Downloaded: /external-message.txt
[INFO] [sync]l Inbound: 1 downloaded, @ deleted
() S3ICBMLEZ7 7 A AVPHEITA Y e — FX (b) S3 WML 7Z7 7 A AD Wasm 77U 7 —
A TWw3 VFS RPC Server 12 TarvholfEElTE 2

=== App2 completed ===

X 8.2: S3 SR T 7 £ L XA T AAD[EIHAER

X5, —F VFS RPC Server 70t A% T 387 1%, BES rmt X205 BTk
BRC, FiDEy > a vy TEZSIAALE 7 7AL0 S3 HIELLEILEINTWDS Z L 2HER
L7z (X 8.3).

[INFO] VFS RPC Server starting...

[INFO] S3 persistence enabled: bucket=test-vfs-bucket, prefix=vfs/
[DEBUG] [s3] Using custom endpoint: http://127.0.0.1:4566

[INFO] [sync] Found 4 files in S3

[INFO] [sync] Loaded: /external-message.txt

[INFO] [sync] Loaded: /external/s3file.txt

[INFO] [sync] Loaded: /message.txt

[INFO] [sync] Loaded: /shared/message.txt

[INFO] Sync mode: Batch (set VFS_SYNC_MODE=realtime for immediate sync)
[INFO] Socket bound to 127.0.0.1:9000

[INFO] VFS RPC Server listening on 127.0.0.1:9000

X 8.3: HiEZERIZ S3 oL Tnwsu s

832 A—RT—X

A7 Fa—FiF, BT —XOAGACIEIL DT TR, KRTF—2EFERTER
Mole7? Ta—FTDT7 7 AN AT LAHAZRARICT . HIZIE, BHNERT e —F
TR TV r—>arve 77 ANVY AT ADENICHERE LG IIAAETH - 7203, H
D S3 ¥ sync $A5ZEIWXEDELT7 7 AV AT L ZIERIREICR S, KA M LA
FEEIZOWTHEBRIC, et R07 ) r—rared S3EHEL T 74 LT R
TLEHETX5L512k%.

BRI 2 —275 -2 LT, MWENCOBLEZZYy Y ) — FTEIET % We-
bAssembly V—27 80— RIZBWT, &/ — FTOUHE oyt —7—&2HKit 35
F=ANBIFoND. Ly Y/ —REITuNf ZPRRLED, FXMOSD7 74T A
7 AEERHERER EDM— I N TVRN I D Z L.
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ZOEIBEBERCBVWTS, RFEFIRETZIRET7 7 A VX T LK 0773
VI EREOEHES 4 T 7 U oA NA VA= T -2 2T 5720, 75
ANT AT LAANOH N 2R LIBIFEOu 7N A4 75V —IEHET 287 %
DEFHMARETH 2. X512, KAFETEIRATLEHIIGL T, tARAARPEEZAAL
DEIZA IV 7% E—FOUIDBIXDATEIICEETE . Hlx1X, v ORIEN
TNV S 2 B & Tl Write-through £ — R X 2 BIRFFRIEHZEIRL, —/4 T
FWANL =Ty BRI NE T — XEFHRTIIIEFRAE - PN RELLEET D L
Wo ERANARETHD. 2Dk, 7V Fr—yarlilonYy 7 EEETS IR
, WMELANNVTART =<V ALBEND N L — P 72 50lb T & 3 M0k, HURE
BN EXE 5.

RIS, AR MINCFRIR T —Y 2V b v FREERDLE BT, 58/ — F[E
Ton HE - B2 T 2R, EHEE X FORBE X2V 71 OF RICHFS
THREZLND.
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EIE

¥

AETIX, BETEIRAMNMKERE Y 7 A VS AT LADET 7T —FITOWTHRERT

filizf7>.

FEMECEER U2 EBRBRE 2K 9.1 ITRd. —#HoFEBRICOVWTIE, BihT5 K51
Linux B RO~ Y TERITTI2RED D o 727280, FH—<> v BITHEL RE~> ~

ETHEML 7.
< 9.1: FEERFREE
15H FRARTT Y (macOS) R#¥8 <> > (Ubuntu)
CPU Apple M1 Pro (10 27) [/ (4 a27)
7T—FT7F % arm64 arm64
XE 32 GB 4GB
S APPLE SSD AP1024R G/
OS macQOS Tahoe Ubuntu 24.04.3 LTS

Wasm 7 > & A A

wasmtime 39.0.1

0.1 EMER7FO—FoEsEsER

FRER Y 7a—FOHENRE LT, A2+ 0SS LOYET 4 27 2HWET7 74
NIRATLTHD extd &, XAV XE) FITHEREINZT 74V AT L THS tmpfs
PRV, K7 7 ANVT AT LIEXEY LTEET 279, tmpfs & DD R D EREH
YRR 5. extd TOMEREMT 2729, RHEHORBII Lok~ > BT

42




1To7-.

90.1.1 FHRIF=®

FD 3 20HEBIZOWTEFHHZIT- 72, ZHANX 5 MEML, Z0F9fE%z A
L7z, 774V DEZAAB X USFHARAAIK WebAssembly 7 7V 7 — a ¥ 55T
L7z

e Sequential Write: 1MB, 10MB, 100MB D7 — & %, S & HICE E A TR
DFELTHE & ZAv—F v bEEHHILT-.

e Sequential Read: & ZAAEAD 1IMB, 10MB, 100MB O F— & %, JeiEh 5
NN Ge AR L BR D FATIR R & ZAv— T b Z2EH Il L 7.

e Random Read: 1MB, 10MB, 100MB ©% 7 7 £ M L, 4KB OFtAAA%E
Z v X LIZALEITH LT 1,000 [EI#E DR L 72RO FATRI & 21 —T » b 2 EHH
L7z

0.1.2 FHMEER

£ 9.2: FAET 70 —F OMRERBRFTR (FIINEAL—T v 1)

.| REFE:
S 14X ) tmpfs ext4
BNER Y 7O0—F
IMB | 0.48ms (2,105 MB/s
Sequential Read | 10MB | 4.67ms (2,143 MB/s

100MB | 45.3ms (2,206 MB/s

)
( )
( )
IMB | 2.56ms (1,524 MB/s) | 1.29ms | 2.59ms
Random Read 10MB | 2.57ms (1,520 MB/s) | 1.60ms | 1.65ms
100MB | 2.76ms (1,417 MB/s) | 1.85ms | 1.88ms
( )
( )
( )

0.29ms | 1.55ms
1.88ms | 7.68ms
31.5ms | 46.9ms

0.32ms | 0.31ms
2.61ms | 3.83ms
28 9ms | 33.8ms

1MB 0.84ms (1,196 MB/s
Sequential Write | 10MB | 7.06ms (1,416 MB/s
100MB | 67.4ms (1,484 MB/s
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9.1.3 EE

FHHFER D S, IBETFEOBNER 7 70 —FIFKRZA T OS DAL T4 TR T 7 AL
AT LEHBLUT—EDA = N=A"y FRHZHDD, 1GB/s U LD V—T v |+ Ziff
LT\ ZeotEREhs.

Sequential Read IZBWVWTIE, #REFEIF 2,100~2,200 MB/s D Zv—F v b ZidHr
L7z, 24X tmpfs @ 50~60% IREDOMHRETH 203, MHET 1 A7 ZHW25 extd @
100MB #iAAA EIZIZFRIFDOHRETH o 72, Sequential Write I2BWTIE, 2RFED
2 —7"y M tmpfs DK 40% 2 (1,200~1,500 MB/s) IZ# % > T\,

tmpfs & D MHREMERL Ro /2B LT, IBRZRFECBVTIE, Wasm OFRE X E
VANTHTF—Zav—Zinzx, Component Model Z /U 7zBEIERH L DA —N—~Nv
FOEEDT-RRCHET e EZLNS.

9.2 BMHNEKRT 7O0—F LBFEREDMFEEER

BIFREETH 3 wasi-virt LIRRTFIEOMRENE 21T - /2. wasi-virt & 2026 4 1 A
REHARD EHOEETH 3720, HEBIEHEIZHAAAREICRE L. dHIleRo
macOS BRETHML, 5 HORITICBT 2HREEZEHL 7.

0.2.1 FHMEFR

£ 9.3: BEFIEL wasi-virt DLHEFER FERNEZAL—Tv )

15H H1X RRFE: wasi-virt
#NER7 70—7F
1MB 0.38ms (2,660 MB/s) 0.44ms
Sequential Read | 10MB | 4.31ms (2,321 MB/s) 4.43ms
100MB | 51.8ms (1,930 MB/s) |  50.5ms
1MB 2.19ms (1,785 MB/s) 2.21ms
Random Read 10MB | 2.49ms (1,571 MB/s) 2.25ms
100MB | 2.45ms (1,592 MB/s) |  2.45ms
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022 E%E

ISR &, RBETFIRIILTMIETH 3 wasi-virt L HEEL T, FiAAAMREICB W
TIXEFFEOHREZZER L TWS Z PRI Nz, MFEL HIC WebAssembly DFR
FEXEY) LICEMEINT —RIZT 7R TEMETH D7D, A)L—Tv MIIRENRZ
ENECRPoTzbDEEZILNS.

PREEICHRE TH 5 Z L MR L/-— AT, KRB CIIRZIRARND 5. TR T
B3 wasi-virt DAY BEHD 7 7 A LS AT AZREZINTVZDIIH L, BETE
FESAARREB X UKL EERB LGt e RoTWD. Lih-> T, HRELZHR LD
DOFEZALEZYR— LR, REFEOHEELREMETHLLERS.

93 BEHNER77O—F +FKXMMLA F7FO—F - RPC

N—2 7 7O—F DERESE

AR TIRE L7z 3 DDOEEFHEICOWVT, £ibdD macOS BREE N TOMEREHE %

To7.
9.3.1 FHEifER
R 9.4: 3 ODMEFIHEICB T B 1EREIER GEIMMNIZAL—T» + MB/s)
HH Y1 BIEM | RAMMLAERE RPC )iy
IMB 0.45ms (2,205.28) | 0.07ms (13,430.21) |  90.79ms (11.01)
Seq. Read | 10MB | 4.64ms (2,156.08) | 0.90ms (11,072.15) | 112.81ms (88.64)
100MB | 52.88ms (1,890.95) | 15.13ms (6,609.71) | 420.24ms (237.96)
IMB 0.62ms (1,605.89) | 0.28ms (3,524.23) |  48.53ms (20.61)
Seq. Write | 10MB 6.36ms (1,573.10) 2.80ms (3,572.28) 51.91ms (192.65)
100MB | 63.39ms (1,577.64) | 28.09ms (3,559.52) | 176.73ms (565.85)
Rand. Read | 1IMB 2.37ms (1,650.47) 1.06ms (3,701.58) | 24,663.78ms (0.16)
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032 E&

AAMMLA MEREZ, 2EHHIZBVWTIRDGWEREZE®RL . K IMB ©
Sequential Read 1285\ T 13,000 MB/s Zi#X 2 HmWAL—7y P Z/RLTWA. Zh
X, 774NV RATL0Y v IRRAMIORA T4 7a—-FRe LTFEITENDDL
EZAbND.

RPC #fy#fiid, thoFiE e g U CTRIERERIE T2 L o7z, K2 Random Read
WKBWTE, @EEBEORMICED ZL—Ty b5 0.16 MB/s ETIKRLTWS. —J5
T, 100MB @ Sequential Write 125\ Tid 500 MB/s 22 2 HEZiléx L THD,
T = RY A XBPEKT 2IZEEEA—N—~y FOEEPHEINT/NE L 72 2 HFA DR
Iz,

9.4 VUE— ;XL —2EHAREEE DT

AHTIE, HEERA L= e DRMZEE L 722 — 27 —RZBWVT, KRIFFETHRRE
LB FEPBAFEFRLHEERL T OBREOMREZ RT 22 HME ST 5. HEMRE L
T, kA P+ OS ETFUSE ZHWVWT S3 2~ v Y b33 FHEL LTLASHWSATWS
s3fs-fuse [36] ZHWz. &HHlILZ, Wasm 7 7V 7 —>a U o&F A XD T 7 £ Liih
&2 5 MEML, WHICELURHEZIE LHPREZIIG L. VE-PRAL -
1%, Google Cloud Storage (asia-northeastl V—>a >, L7V —>aryikl) Z2F
U7 &HllERE, KX b b LA FEE - GG - RPC BINERZ N ZHUISEIRD Read
Through, Write Through FE ¥ L, #iAE ZRFIC s3fs-fuse (F ZIAAKFIZFKIC S3
FEIAL, GiAAARITIE S3 »HFHiAAT) LRIFOFEIMCL S X511 L. HEREaH
35 VM BREE N CTHEML 7.

0.41 FHEFER

BFRICBT 2R 2 £ 9.5 1 TRT.
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& 9.5: S3 [AHICHI) 2 B TEROIERELLE (AT [ms])

| BIEFE: ; "
I5H 1 2 Tl ERZR ML RER | #0948 | RPC BIMES
s3fs-fuse

1KB 156ms 143ms 224ms 449ms
10KB 173ms 151ms 252ms 446ms

Seq. Write
100KB 160ms 144ms 249ms 496ms
1MB 229ms 165ms 282ms 547ms
1KB 61ms 86ms 136ms 502ms
10KB 71lms 85ms 154ms 500ms

Seq. Read
100KB 71lms 88ms 181ms 567ms
1MB 110ms 99ms 202ms 728ms

042 ZE&

FHER S, AR TIRE L7 e —FD 55, KA ML A FEESFEFET
H % s3fs-fuse & LLE L THED 2 WIERFIZ Write IZOWTIEEEWHREZ FHH T 2 Z 2
WX N7z, 2, FUSE 28 S3 AND7 72 A2 TR B — 1 IVZEM & 12— ZE[E D
FEEHES DI L, WebAssembly DR A+ LA b ENLEEETIE, S3 D77
T RADNN T R A LNTDXEVIEOA TR S 2720, A==~y R/ X0y
EZAbN5.

HHERTO7 7a—FIF, KA MIFET 214 FVIHRET 5 2 e o —EDHEE
PHFFLTED, R—XE VT4 2&EMHT 2HBITBWT s3fs-fuse DRF 21§51
BEZ/R L=, —J7, RPC #ify#%kilx, TCP DIV Y R U v IR A AKEL, TFE
CHE L THRBIMELIZ s hTun.

P EDOFHEi LD, IRETAHRET7 7 A LT AT LIE, KA OS D~ > MMERSRRE
PRELYETIC, BEOVE—FRA L=V Y Y bFELREM EOFEMR L T + —
< ¥ A% WebAssembly 7 7V 7 — a VICRMETE 2 2 e BFEIEXI NI,
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9.5 HHHIEICH S A —N—AY F

6 BETHRRNZEIIZ, 774V AT LNYILF ALy RTEET 2581, F—
D7 7 AN AT LI U TRRHICEBORIERFEAEL 5 279, HHhHil#H» HE T2
%. 4% L7 fs-core T, thread safe €— K& LT, Read Lock (Frmv ) &
Write Lock (5H vy 7)) 20 22 HELTWS. 22T, KRAMMLA P
WBWT, ALY RPLEUL 7 7 ANV ERAESZIT LI ICEDBEEZHEZ Y
F—2Rt, ALY RDPORRLZ 77 AN EHAEEZT LI ICLDBELREIER
WIS L7 —R 2R L, BHBHIE O A — =~y FZFHHT 5.

05.1 FHMAiER

FHAREERZ R 9.6 IRT. AEETIX IMB OF—&XZ2HW, ALy iR 1,4,8 &
ZZ BT BEOANL—TF v b (ops/sec) ZHE L. TA—7741]) IFRAL Yy RHH
—® Inode ZXR Y T2 —2 (RwLock OBENFELE) %, Hl7741) 1ZAL Y R
T YIcH72 % Inode ZXtHR e 35— A (DashMap IZ LA WMifT7 7€ R) 3. il
137EIRD macOS BRIEZFIH L THEML 7.

£9.6: AL v RIiFIE Y 77 25T X 5 ERELLE [ops/sec]

RE W SRERH 1 thread | 4 threads | 8 threads
A7 A 1,213 2,321 2,938

Read
w774 1,027 2,262 2,877
Y 990 1,660 1,452

Write
il % 1,124 2,095 2,673

952 E

SRS R &, ARBFFETERA L7z DashMap & RwLock (& & % @& O HEMLHITEID3,
WiHE DA e UTHIRINCHEEE L T\ Z L AR S 7.

Read #2{EICEITBRT—FE U T 1: Read BIEICBVWTIE, F—7 74 LB XU0H]
77 ANDVTNDT —AIZBWTH, ALy FEOEIMIENZL— Ty k23 BEAFIZTH
ELTWwWs. ZHUZ, Read ##ETIE Inode HfiD RwLock IZBWTHEw v 7 ZHE
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Mo 8 ALy FAHAKIELBICALVL—-Ty K IR N, ZhidbBEay 2
DHUSHFEBIC X 24— N—~y FHREELR LD EEZI SRS, MBI, ALy D
LIHIZ s ANBEET B —ATIE, 8 AL v FIFTH ZL—F v Fo3ALELEITTW
3. ZhuE, BHEOEMT— 70 (DashMap) X Wk ED D v 7 BNEHRI AT
2780, 774NV RATLARIRE L TOWATHES MR ENTVE Z e Z2EBMNITTVS.
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ARFIETRETNE S, BRI 72 WebAssembly N4 FV kb, FEDT >~
R A DEREWCHAF LRI 8 TH 5.
BIBOIMIICBWT, 24T 477 7 A ILT AT AL HEL Td R ZBHE 2 HifF
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TER A

fs-core

Al T—RBEER

All BFEH

fs-core THHINZEAR R A1 1ITRT.

BB

RAL BIA)7RER

B4 E 3V hEA
Fd u32 TZ7ANT A ATV TR 0-2 13
#EAHITH.

InodeId u64 Inode D—x@HAF.
InodeRef Arc<RwLock<Inode>>* AL v K+t —77% Inode SHA.
FdTable DashMap<Fd, FileHandle>* | 77 A)LT 4 AZ VT RT—T ).
InodeTable | DashMap<Inodeld, Inode 7— 7 /L.

InodeRef>*

* thread-safe feature XX Rc<RefCell> B KL BTreeMap % ffif.

Al2 F—=TF>T7370

T 7 AN =T VRHZIRERRER 7 7 7% 3R A2 ITRT.
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RA2: F—T U755 EE

S f& A

0_RDONLY | 0x0 A D EHE— K.

0_WRONLY | Ox1 EXIAAHEHE—F.

0_RDWR 0x2 AEXMHE—F.

0_CREAT | 0x40 7 7 4 VDTFLE LI WG EIAERK.

0_TRUNC 0x200 | A—F VK7 7 ANV EBZRICT 5.

0_APPEND | 0x400 | JBitE— K. EZAAIXFEICT 7 L LK.

A.1.3 Fs t&&F

77 AN AT LA EREEMT 2HEEIRTH L. 77ANT 4 AP VT RT—T)L
¥ Inode 7— 7 LVZRFHL, TRTDO7 7 A VREOKE L 72 5.

xR A.3: Fs fHEMHRER

Z1—ILF4 B B1L]

next_inode AtomicU64 | XIZHID Y T2 Inode ID. 7 b I v Z7H#EITLD
— Bz ORAEE.

next_fd AtomicU32 | RWIZEIDHTE 77 ANT 4 X7V FEEF. 0-2
VIAEHE A T ST

fd_table FdTable F—7>H D42 FileHandle Z &M 3 % DashMap.
F—1X Fd.

inode_table InodeTable | & Inode Z&#M 3 % DashMap. ¥ —I3 Inodeld.

root_inode Inodeld N—1+7 4127 YD Inode ID (FiZ 0).

time provider | T RA DAR Y TSR, 7 A MRRIZE v 7 A]HE.
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Al4

Inode 18EK

T7ANTATLALEDTRTDOA T2 b (Z74N0BIXUET4 L7 vY) 2RE
T BEAREEIRTH 5. thread-safe feature HRIKFIE Arc<RwLock<Inode>>, EXKFIZ
Rc<RefCell<Inode>> ¥ LTT v &N, WKW L7772 RHlHITTHNS.

] A.4: Inode WEKER

Ta—ILk% | B hEA
id u64 7 7 AN AT AN T—EZ#AF (Inode ID).
metadata Metadata 77 ANV A X, ERRHRE, MERIGHRZ DB MHEHR.
content FileContent | 7 7 A VD FK. FIZERNT X D LUFOWT b & (REF
95.
- File: 7my ZHTEHINEZ NS bT —X&

(BlockStorage)
- Dir: X Y VU D~vv 7 (BTreeMap<String,

InodeId>)

A.1.5 Metadata &

77 ANERRET 4L MY DX XEREREFT 2HEIATH 5.

& A.5: Metadata HEREER

Ja4—k® | B BIEE

size ud | 77 ANHFA X ONA MESLD). T4 L2 YD
&l o.

created ued | EREA] (UNIX X4 L ARV, 2 UM).

modified u6d | HMEHFA (UNIX X4 122V 7, I UM).

permissions | ul6 | UNIX »S—3 v > a3 (fil: 00644).

is_dir bool | 74 LZ bU TS5, true X674 L7 bV,
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A.1.6 FileHandle ¥&&1&

TRt ANHNTVWSE 7 7 A LD NRE) 2EHT2HEARTH 3. [F—D Inode 125
L CTHE# D FileHandle DEEL S 5.

= A.6: FileHandle &K ER

TJ1—ILFk% | B EA

inode_id u64 BENR Y 725 Inode NDEHE ID.

position AtomicU64* | BIEDFHAZTE X H -V W iE. ALy NE—T8ET
B7 Py 7BBUC I DT 7 AR OB E 2 HE
"3 5.

flags u32 0_RDONLY, O_APPEND R ¥ DA —T7> 75 7.

* thread-safe feature fERIIFIE Cell<u6d> % {HFH.

A.1.7 BlockStorage #&i&E(&

77 ANDET-X2ERT MEKRTH L. KB Hfio oy 7 TEH IR, X
NR=RT 74V (REET74L) BHR—-F+T 5.

= A.7: BlockStorage MG AT R

Ja4—Lrg | B B

blocks Vec<Option<Box<Block>>> | 4KB 7'& v 7 DE 4. None Z A %—
A (FLARD FHdE e 2iK3).

size usize w7 7 A4 X EEOHIDY
THAXEIZERZD S 5.

Z 2T Block (& [u8; BLOCKSIZE] ORx A V7 XTHYH, BLOCKSIZE & 4096 /A
F (4KB) TH 5.
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A2 U5 XEEX

KA TLOFKE B T7 7 4NV AT A fs-core D7 7 AREEZX A1 ITRT.

Fs<T: TimeProvider>

next_inode: AtomicU64
next_fd: AtomicU32
root_inode: Inodeld
time_provider: T

+ open_at(dir_fd, path, flags): Fd
+ write(fd, buf): usize

+ read(fd, out): usize

+ mkdir(path): void

]

FdTable

DashMap<Fd,
FileHandle>

]

FileHandle

+ inode_id: Inodeld
+ position: AtomicU64
+ flags: u32

|
refers) by id

L

InodeTable

DashMap<Inodeld,
InodeRef>

InodeRef

Arc<RwLock< Inode>>

]

Metadata

<enum> FileContent

Inode

File(BlockStorage)

Dir(BTreeMap<String,
Inodeld>)

+ id: Inodeld
+ metadata: Metadata
+ content: FileContent

{ ]

BlockStorage

blocks:
Vec<Option<Box<Block>>>

— size: usize

+ size: u64

+ created: u64

+ modified: u64

+ permissions: ul6
+ is_dir: bool

B A.1: fs-core 7 7 AWK (UML Class Diagram, thread-safe feature H4lIKf)

A3 AR —7x—RtHk

fs-core DRt 5 FE 1 API EAREZ LIRS,
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RAB: FEXYy FHAHK—H

XYy R4

7 F v - 518 TRAERH

open_at

fn open_at(&self, dir fd: Fd, path: &str,
flags: u32) -> Result<Fd, FsError>

BIE: ffEXh7T 427 PR TEEMSE LT RR%E
fETR L, 77 A LZRHI<.

5% dir fd (&), path (HHXf $R), flags (EfE7 &
7)

open_path_with_flags

fn open path with flags(&self, path: &str,
flags: u32) -> Result<Fd, FsError>

BIE: V' — b7 4 L7 PV ZEAE LTARRZRBIRL,
77 A NERL.

write fn write(&self, fd: Fd, buf: &[u8]) —>
Result<usize, FsError>
BE: 7y A VBT ORED A — Y MBI T — X2 E
A,
BE): HIAAT TR, -V AMBERZEHRINS.
read fn read(&self, fd: Fd, out: &mut [u8]) ->

Result<usize, FsError>
BE: HEDOD— VMBI ST — X Z2iAAT.
RDME: GiAAATNA M (01X EOF ZEKT %).

append_write

fn append_write(&self, fd: Fd, buf: &[u8])
-> Result<usize, FsError>

BE: »—Y L BIEDLLT, 774 LVKEBIZT Iy
7B T 5.

& v 7 Hiny, BT vt XM OB Rk .

close

fn close(&self, fd: Fd) -> Result<(),

FsError>

BE: 7> AVl FE2 Rl 5.

RR—IAFi < ...
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HIR—=T 5Dk %)

XV w4 ST FF ¥ - 58 - HREER A

seek fn seek(&self, fd: Fd, offset: 1i64, whence:
i32) -> Result<u64, FsError>
BIE: 5iads -V L 2RBE7T5.
51#0: whence & 0: JCHH, 1: BifEHl, 2: RE ZH5E.

ftruncate fn ftruncate(&self, fd: Fd, size: u64) —>
Result<(), FsError>
BIZE: 77 AP A XZ24EENA PUCERE (YD ED/
L oHDIGR) 5.

stat fn stat(&self, path: &str) ->
Result<Metadata, FsError>
BE: EE SN ASRDRX X T =225 T 5.

fstat fn fstat(&self, fd: Fd) -> Result<Metadata,
FsError>
BE: FHVTWwd 7 7 A VB FOX X T —XEZRIFT
5.

mkdir fn mkdir(&self, path: &str) -> Result<(),
FsError>
BIZ: iLwr 4 L2 PYRERT 5. BIOHFELRWE
Bl o —.

mkdir_p fn mkdir p(&self, path: &str) -> Result<(),
FsError>
BIZE: FRT4 L2 PV 2EDTHRNIZT 4 L2 MU %
TERS 5.

unlink fn unlink(&self, path: &str) -> Result<(),

FsError>
BIE: e 77 7 AVEHIBRT S (74 L2 FVIEA
7).

RAR—IAFi < ...

61




HIR—=T 5Dk %)

XV v k% ST FF ¥ - 58 - HREER A
rmdir fn rmdir(&self, path: &str) -> Result<(),
FsError>
BIE: fEESNZEOT 1L 7 MY ZHIRRT 5.
readdir fn readdir(&self, path: &str) ->
Result<Vec<String>, FsError>
BE: 74127 PV NOY VARG T 5.
readdir_fd fn readdir_fd(&self, fd: Fd) ->

Result<Vec<(String, bool)>, FsError>
BE: 7417 MVl ety M) —EZ2HET
5. (FERIIEHRAT =)

A4 IR —4r > XEFEM

—fle LT, FZAAREE (vrite) KB 2AGUE 7 n— vy o> —7r >
AKX A2 RS, Ty Ray 220323729, 774 b F7—71LDOSRE X
f Inode v v 7 BUS % ERFERIICIT O ikt & L.
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Inode
App Fs FdTable InodeTable (RwLock)
write(fd, buf)
>
>
get(fd)
>
>
(- — - = = - — - - = — — = ]
inode.id, flags, pos
check flags
get(inpde_id)
>
>
(= — — — — — — — — — — — e — e —— - - =
InodeRef
write()
storage.write(pos, buf)
D Sl e )
n
Z drop(guard)
get(fd)
>
>
(- — - = — - — - - — — — — ]
Ref<FileHandle>
set_position(pos+n)
>
>
5
Ok(n)

A.2: EXAANMHED S — 7 > X[
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