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javascript:void(0);

MetaClient IJgE :

ServerSelectionStrategy

+select{errModes) : Nodelnfo

+mode() : ServerSelectionMode
+addrType() : Address::Type

+static create(mode, mgmtd, addrType)

MetaClient

-Clientld clientld_

-Config config_

-bool dynStripe_

-StubFactory factory_
-ICommonMgmtdClient mgmtd_
-StorageClient storage_
-ServerSelectionStrategy serverSelection_
-Semaphore concurrentReqSemaphore_

+start(CPUExecutorGroup)

+stop()

+authenticate(Userlnfo)
— +stat{Userinfo, Inodeld, Path)
- +|lookup({Userinfo, Inodeld, Name)
-~ +mkdir({Userinfo, Inodeld, Name, Mode)

o +create(Userinfo, Inodeld, Name, Mode, Flags)

e +ppen(Userinfo, Inodeld, Flags)

/ +close{Userinfa, Inodeld)
+retry(Func, Req, RetryConfig)

;
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StubFactory

+Create(Address, Nodeld, hostname) : Stub
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MgmtdClient IgE :

ICommonMgmtdClient ‘ StorageClient

I

MgmtdClient

-String clusterld_

-MgmtdStubFactory mgmtdStubFactory_
-Config config_

-RoutingInfo routinglnfo_

-ConfigListener serverConfigListener_
-Appinfo appinfo_

-HeartbeatPayload heartbeatPayload_
-ClientSessionPayload clientSessionPayload_
-ConfigListener clientConfigListener_

+start(Executor, bool)

+stop()

+getRoutingInfo()
+refreshRoutinginfo(bool)
+extendClientSession()
+getClientSession(String)
+listClientSessions()
+getConfig(NodeType, ConfigVersion)

Routinginfo
MgmtdStubFactory
-flat::RoutingInfo routinginfo_
+getNode(Nodeld)
+getNodeAddresses(NodeType, String) +create(Address)

+raw()
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StorageClient

-Clientld clientid_

-Config config_
-ICommonMgmtdClient mgmtd_
-ServerSelector serverSelector_
-RequestExecutor requestExecutor_

+static create(Clientld, Config, MgmtdClient)
+readChunkiUserinfo, Chunkld, offset, size)
+writeChunk(Userinfo, Chunkld, offset, Buffer)

//”f +commitChunk{Userinfo, Chunkld)
/ +createChunk{Userinfo, Chunkld, Size) "l
+removeChunk(Userinfo, Chunkid) b
r \. %
i l ‘ ClientRequestContext
i i
1
RequestExecutor ServerSelector -MethodType methodType
ICommonMgmtdClient -Userinfo userinfo
| -DebugOptions debugOptions

sexpcute(RequestContext) +selectServer(Chunkid) e -Config clientConfig
+refreshServers() ' -uint32_t retryCount
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Client

-Duration requestTimeout

call<ServiceName, MethodName=>(request)

Return result

Client
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Serde Client Context Network Client Server
Prepare MessagePacket
sendAsync{destAddr, WriteList)
Send request
...
Send response
Process FE"SPDHSE'
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MetaClient ServerSelectionStrategy MgmtdClient MetaServer
retry(func, req)
select(errNodes)
-
etRoutingInfo()
ct g -
RoutingInfo
* .................................
Select server based on mode
ServerNode
.1 .................................
Create stub for server
Call RPC method
>
Response or Error
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alt [Error
response]
Handle error and retry
MetaClient ServerSelectionStrategy MgmtdClient MetaServer
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Prepare message packet
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Process response
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Send request

Send response
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Connection
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FuseClients MgmtdClient MgmtdServer

establishClientSession()

>

loop [Until success or max
retries]

extendClientSession()

«

CreateClientSession RPC

>
Session response
4 ......................................
alt [Session established]
Success
4 ___________________________________
[Failed]

Sleep and retry

4
loop [Background heartbeat]
ExtendClientSession RPC
L
Response
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HybridKvEngine

-kvEngines_: vector>
-fdbContext_: shared_ptr

+fromMem(} : : shared_ptr
+fromFdb{config: FOBConfig) : : shared_ptr

/,/ +createReadonlyTransaction() @ : undque_ptr x

/ +createReadWriteTransaction() : : unique_ptr -x_\_‘“_‘_
M“""'-u._
"'\-\.\_\_\_\_\-\1—

contains— “contains
FDBContext FDBKVEngine

-config_: FDBConfig
-networkThread: thread

+create(config: FDBConfig) : : shared_ptr

+getDE() : : DB
+maxDbCount() : : inté4_L
uses
FDBConfig

+clusterFile: string
+enableMultipleClient: bool
sexternalClientDir: string
+externalClientPath: string
+multipleClientThreadMum: long
strace_file: string
+trace_format: string
+casual_read_risky: bool

-db_: DB

+FDBKVEngine(db: DB}
+createReadonlyTransaction() ; : unigue_ptr
+createReadWriteTransaction() : ; unique_ptr
-setReadonly(rdonly: bool) : : void

Ty "

creates contains
De
-db_: unigue_ptr
-readonly_: bool

-error_: fdb_error_t

+selectAPVersion(version: int) : : fdb_error_t

'%We&!ﬁ'?ﬁiﬁ?ﬂt‘ te_tﬂ%ﬂelgde fdb_error_t) : :

bool

ssetNetworkOption{option: FOBMetworkOption, value: string_view) : : fdb_error_t
+setupMetwork() : : fdb_error_t

srunMetwork() : : fdb_error_t

+stopNetworki) : : fdb_error_t

+DB(clusterFilePath: string, readonly: bool)

default_backoff: int
'reaxnl bool B +error() : : fdb_error_t
¥- +setOption{option: FDBDatabaseOption, value: string_view) : : fdb_emor_t
+rebootWorker{address: string_view, check: bool, duration: int) : : Task
~forcefecoveryWithDataloss(dcid: string_view) : : Task
+createSnapshot{uid: string_view, snapCommand: string_view) : : Task
+purgeBlobGranules(range: KeyRangeView, purgeVersion: inté4_t, force: bool) : : Task
swaitPurgeGranulesComplete|purgekey: string_view) : @ Task
creates creates
Transaction
-tr_: unigue_ptr
-readonly_: bool

-error_: fdb_error_t

+Transaction(db: DB)
+error() : : fdb_error_t

+setOptionioption: FDBTransactionOption, value: string_view) : : fdb_error_t
+setReadVersioniversion: inté4_t) :

+getReadVersion() : : Task

+get(key: string_view, snapshot: bool) : : Task
+getkey(selector: KeySelector, snapshot: bool) : : Task

+watchikey: string_view) : : Task
+gethddressesF
A e tRa

+getEstimatedRangeSizeBytes(range: KeyRangeYiew) : : Task
+getRangeSplitPointsirange: KeyRangeYiew, chunkSize: inté4_t) : : Task

+~onErrorjerr: fdb_error_t) : : Task
+cancel() : : void
+reset() : : void

+addConflictRange(range: KeyRangeVYiew, type: FDBConflictRangeType) : : fdb_error_t
+atomicOp(key: string_view, param: string_view, operationType: FDBMutationType) : : void
+setikey: string_view, value: string_view) : : void

+Clear(key: string_view) : : void

+clearRange(range: KeyRangeView) : @ void

scommitl) : : Task

+getCommittedVersion{outVersion: inté4_t*) ; : fdb_error_t

+getApproximateSize() : ; Task
+getVersionstamp() : : Task

1 void

i i ik _ e e i e = -
lmlns:%l&mﬂt& EI.%‘:ykEﬁelector. limits: GetRangeLimits, iteration: int, snapshot: bool, reverse: bool, streamingMode:

FDBStreamingMode) : : Task
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® FDBTransaction
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e FDBKVEngine
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FDBTransaction

-tr_: Transaction
-errcode_: atomic

+FDETransaction(tr: Transaction)

+snapshotGetikey: string_view) : : CoTryTask=

+snapshotGetRange(begin: KeySelector, end: KeySelector, limit: int32_t) : : CoTryTask
+getikey: string_view) : : CoTryTask>

+getRange(begin: KeySelector, end: KeySelector, limit: int32_t) : : CoTryTask
+cancel() : : CoTryTask

+addReadConflict(key: string_view) : : CoTryTask

+addReadConflictRange({begin: string_view, end: string_view) : : CoTryTask

+setikey: string_view, value: string_view) ; : CoTryTask

*““%é%‘%‘%ﬂ@iﬂ?ﬁmm offset: uint32_t, value: string view) : :
CoTryTask
+setversionstampedvalue(key: string_view, value: string_view, offset; uint32_t) : :
CoTryTask

+clearRange(begin: string_view, end: string_view] : : CoTryTask
+commit() : : CoTryTask

+reset() : : void

+setOptionjoption: FDETransactionOption, value: string_view) @ : Result
+onError{errcode: fdb_error_t) : : CoTask

+getReadVersion() : : CoTryTask

+setReadVersioniversion: inté4_t) : : void

+getCommittedversion() : & inté4_t

+errcode() : : fdb_ermor_t
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Eeydrraydesdt SninghrrayResult

senlraciMaluell : : vold

renbiac [Vslee|) - ; woid

sealiwciVatuel | : : vald

EeyRargeirrayRecult EmptyResult

emtraciWaluei) | : vold
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Application FDBContext

create(config)

L

selectAPlVersion{FDB_API_VERSION)

DB Static Methods

alt

[enableMultipleClient]

setMetworkOption(FDB_NET_OPTION_EXTERNAL_CLIENT_LIBRARY /DIRECTORY)

4

setMetworkOption{FDE_NET_OPTIOM_CLIENT_THREADS_PER_VERSION)

v

setMetworkOption{FDB_NET_OPTION_CALLBACKS_ON_EXTERNAL_THREADS)

alt

[has trace_file]

setMetworkOption(FDE_NET_OPTION_TRACE_EMABLE)

4

setNetworkOption(FDB_NET_OPTION_TRACE_FORMAT)

alt

[has default_backoff]

setNetworkOption(FDB_NET_OPTION_KNOB)

4

setupMetwork()

L J

L)

Start network thread

FDB Metwork Thread

getDB()

Y

DB instance
T L L LI TT T T

Application FDBContext

ItE7Ri%AE Y FoundationDB EEpkAIFIIAKIIRE, 7T FDB MIEANR EFEHERLHIRIEIE.
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v

runMetwork()

f 9

DB Static Methods

FDB Metwork Thread



Client FDBKVEngine FDBTransaction Transaction FDB Futures

createReadWriteTransaction()

Create
-
wrap
*
et(key)
$ >
get(key)
fdb_transaction_get
-
ValueResult
..‘.-"--..--...----.--"--1-1--1--1---1--
optional<String>
P, . e G e
set(key, value)
e
set(key, value)
*
commit()
[
commit()
fdb_transaction_commit
alt [error]
error code
M--eememrmesemssesssmsmsme s
error
..‘.____________._.________________
store error code
error status
A [P ————————
[success]
success
P R S ———
sUCCess
.1. ...............................
success
..‘_‘_ R [ ——————————
Client FDBKVEngine FDBTransaction Transaction FDB Futures
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Client FDBTransaction FDBRetryStrategy Transaction
operation()
>
operation()
>
error
.‘. ................................................................
backoff(txn, error)
alt [FDB transaction]
Check error is retryable
alt [retryable]
onError(errcode)
<
onError(errcode)
>
success
.‘. ................................................................
retr
PPN A
[not retryable]
ropagate error
. Abicacs st SN
[not FDB transaction]
defaultBackoff()
retry or propagate error
..1. ................................................................
Client FDBTransaction FDBRetryStrategy Transaction
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Op types:in- Get'n- SnapshotGetin- GetRange'n- SnapshotGetRange'n- AddReadConflictun: Commitin- Canced\n- Set'n- SetVersicnstampedtey'n- Setversionstampedyaluein- Clearn- Clearfangein- GetReadversion

OpRecorder cop =

=recordFailed: bool
srecordLatency: bool
-totalRecorder: CountRecorder
+failedRecorder: CountReconder

-latencyRecorder: LatencyRecorder

ERFERTAICRESRIRRAERERERE, IRERIEREE:
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DB 283K/~ 5 FoundationDB EUBEERYIERE, FHREH:
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o BIREERBIRVER{FINIEI
o EFMRAVEIE
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Transaction Z¥HEE 7 — NRE4HY FoundationDB 555, FHiE(H:

OpWrapper<op>

+runif: F) : : imsoke_result_t<F, Op=

" uses
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o BRFESEE
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FuseApplication

+parseFlags(int*, char***) : : Result<Void>
+initApplication() : : Result<Void>

+mainLoop() : : int
+stop() : : void

|

uses

v

FuseMainLoop

int

+fuseMainLoop(programName, allowOther, mountpoint, maxbufsize, clusterld) : :

uses

v

FuseOps

+getFuseOps() : : const fuse_lowlevel_opsé&
+getFuseClientsinstance() : : FuseClients&

o

manages

v

FuseClients

‘\

provides

-client: net::Client

-iovs: lovTable
-iors: loRingTable

+stop() : : void

+ioRingWorker(int, int) : : CoTask<void>
+watch(int, std::stop_token) :
+periodicSyncScan() : : CoTask<void>

+periodicSync(Inodeld) : : CoTask<void>

: void

-mgmtdClient: client::MgmtdClientForClient
-storageClient: storage::client::StorageClient
-metaClient: meta::client::MetaClient
-inodes: unordered_mapUnsupported markdown: del>

+init(appInfo, mountPoint, tokenFile, fuseConfig) : : Result<Void>

FuseOperations

+...other operations

+hf3fs_lookup()
+hf3fs_getattr()
+hf3fs_mkdir()
+hf3fs_create()
+hf3fs_write()
+hf3fs_read()
+hf3fs_setattr()
+hf3fs_ioctl()
+hf3fs_readdirplus()

¢

maintains

Rcinode

+inode: Inode
+refcount: int
+synced: atomic<uinté64_t>
+written: atomic<uint64_t>

+wbMtx: mutex

+writeBuf: shared_ptr<InodeWriteBuf>

+dynamicAttr: Synchronized<DynamicAttr, mutex>

+beginWrite(userinfo, meta, offset, length) : : CoTryTask<uinté64_t>
+finishWrite(userinfo, truncateVer, offset, ret) : : void

IWERRT FUSE LM FEAREREXR,
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4.3.1. FuseApplication
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FuseClients

+fuseToken: string

+fuseMount: string

+fuseMountpoint: Path
+fuseRemountPref: optional<Path>
+memsetBeforeRead: atomic<bool>
+maxldleThreads: int

+maxThreads: int
+enableWritebackCache: bool
+inodes: unordered_mapUnsupported markdown: del>
+inodesMutex: mutex
+readdirplusResults: unordered_map

+readdirplysResultsMutex: mutex
+dE1,rty]I|PoHe5: gync roniée <setUnsupported markdown:

del
manages uses uses
Rclnode
in ¢ In
+inode: Inode FileHandle DirHandle

+refcount: int
+dynamicAttr: Synchronized<DynamicAttr>
+writeBuf: shared_ptr<lnodeWriteBuf>

+rcinode: shared_ptr<Rclnode>
+directlO: bool

+update(Inode) : : void
+clearHintLength() : : void
+beginWrite() : : CoTryTask<uinté4_t>
+finishWrite() : : void

\

contains

InodeWriteBuf

+buf: vector<uint8_t>
+memh: unique_ptr<IOBuffer>
+off: off_t

+len: size_t

+session: Uuid

IWEER T FuseClients RABFZEAIHERE.,

4.3.3. FuseOperations ({£ FuseOps.cc )

LY fuse_lowlevel_ops #EOFTEAIFRE FUSE XA RFERE, BIF:

o NIHEME (BN, BA. BIg)
- BREBFE (AIZER. ENER)
o FBMHIR{E (getattr, setattr)

o 4EFKIR{E (ioctl, xattr)

4.4. FETERIE

+dirld: uint64_t
+pid: pid_t
+iovDir: bool
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User Process FUSE Kernel FuseOps.cc FuseClients StorageClient

read() syscall

hf3fs_read()

alt [Write
buffer
exists]

flushBuf()

-

bufPool->allocate()

create PioV for read operation

-

executeRead()

read data

User Process FUSE Kernel FuseOps.cc FuseClients StorageClient

HERRBE T P #EEIY FUSE ERIFEEIRANSEEURIERIE.

4.4.2. XIHBEANILIERIE

User Process FUSE Kernel FuseQps.cc FuseClients MetaClient StorageClient

write() syscall

Y

hf3fs_write()

L J

alt [Direct 1/0 or large write]

bufPool-=allocate()

beginWrite()

«

executeWrite()

finishWrite()

e

[Buffered write]
alt  [Inconsecuti-

ve write or
buffer full]

flushBuf()

-

Copy to writeBuf

e

dirtylnodes.insert()

v

fuse_reply_write()
I R e SR L ——

bytes written
User Process FUSE Kernel FuseOps.cc FuseClients MetaClient StorageClient

B TENEFRILIES T, BfFEE /0 IEPEANER.
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FuseClients

periodicSyncScan()

loop

periodicSyncWorker->schedule()

periodicSync(inodeld)

dirtylnodes Rcinode MetaClient
[Periodic]
lock()->extract
>
[For each dirty inode]
alt [Has writeBuf with data]
flushBuf()
>
sync()
>
Update synced version
>
dirtylnodes Rclnode MetaClient

FuseClients

ZEZRER Tt inode YIMAERR S TTEUEIRSS SR EZE.

4.5. IOCTL #{E

3FS SCHL Y BTSN R RIIRERIBENX IOCTL !

|IOCTL_Operations

+FS_IOC_GETFLAGS
+FS_IOC_SETFLAGS
+FS_IOC_FSGETXATTR
+HF3FS_IOC_GET_PATH_OFFSET
+HF3FS_IOC_GET_MAGIC_NUM
+HF3FS_IOC_GET_MOUNT_NAME
+HF3FS_IOC_RECURSIVE_RM
+HF3FS_IOC_FSYNC
+HF3FS_IOC_HARDLINK
+HF3FS_IOC_PUNCH_HOLE
+HF3FS_IOC_MOVE
+HF3FS_IOC_REMOVE

XM BN R FRA T RINEE, MIXLINREH AR ST POSIX #{F,




4.6. 110 KIIEHXSE

FuseClients

+i0jqs: vector<unique_ptr<BoundedQueue<loRingJob>>>
+ioWatches: vector<jthread>

+bufPool: shared_ptr<RDMABufPool>

+maxBufsize: int

contains contains ses
\
: : PioV

lovTabl
loRingTable PV AT
+addWrite() : : Result<void>
+lookupSem() : : Inode +lookuplov() : : Result<Inode> +addRead() : : Result<void>
+rm|0R?n 0 : ) x;m'd +listlovs() : : tuple +executeWrite() : : CoTryTask<void>
Ay e +statlov() : : Result<Inode> +executeRead() : : CoTryTask<void>

+finishlo() : : void

B SR 7 iAEE R P XFRFHETR /0 #8B(F,

4.7. KBS IEIUAL

1. BAEH
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2. EHIREE
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3. NS
: (RS THEENETR /0 BIERNRE.
4. &5
: SCHH inode TTEIEFIERKRBRIER, LU cEiEIRSS2509B .
5. alEeETE
RETZROBCEIEI, ISR, B XANIEZER.
6. {liEfLaY 110
: 5F3 PioV (317 /10 m&E) #7380 110 ##4E, LMETFEFERRIR.
7. BE 110 X%
D XEFERE 10, LIERENSE N HEEF.
4.8. 518

3FS FUSE SLIMRM 7 —NTERY POSIX MRS, WEESHI 3FS FHERAZ L, BIIBONENERE, BFNRDREE, SEMERaI St ZEIE 7.

5. 3FS c&URIRSZE1Y (src/meta)

RIERMT 3FS RFFITTEUEIRSS STIAIZRIOEA, RIEEME. REREE. TIFREBELIR EEINRERTHIA.

5.1. filix

TCEEIRSS 2 3FS DHINHRFIRREEM, AREENHRGTTHIE, BfFinode. BR. NXHBRMMGRTHEE. SHARTHEESMARRTHN—EY. FALNSTRL.

5.2. EEHH




MetadataServer

-metaStore: MetaStore
-rpcServer: RpcServer

-journalManager: JournalManager

+init() : : Result
+start() : : Result
+stop() : : void

\

owns

RpcServer

-grpcServer: GrpcServer

-metaServicelmpl: MetaServicelmpl

owns

+registerService() : : void
+start() : : Result
+stop() : : void

¢

owns contains

MetaServicelmpl

-metaStore: MetaStore

JournalManager

+Lookup() : : Status
+Create() : : Status
+Mkdir() : : Status
+Rmdir() : : Status
+Readdir() : : Status
+Rename() : : Status
+GetAttr() : : Status
+SetAttr() : : Status

-journalStore: JournalStore

+init() : : Result
+appendJournal() : : Result
+commitJournal() : : Result
+recoverFromJournal() : : Result

uses

v

updates

MetaStore

-inodeTable: InodeTable

-dirTable: DirectoryTable
-xattrTable: XattrTable

-namespaceTable: NamespaceTable

+init() : : Result
+createlnode() : : Result
+lookup() : : Result
+mkdir() : : Result
+readdir() : : Result>
+setattr() : : Result
+getattr() : : Result
+sync() : : Result

y

contains

InodeTable

-inodeMap: HashMap

+getinode() : : Result
+putinode() : : Result
+updatelnode() : : Result

\

contains

|

NamespaceTable

-namespaceMap: HashMap

+lookup() : : Result
+link() : : Result
+unlink() : : Result




‘ +deletelnode() : : Result ‘

B RR T TTHIRRSHIERRHREXRR.

5.3. BiFFHIER

‘ +rename() : : Result

5.3.1. TEEARSS ==
AR BRT TARIR S5 T BEA R SRR SS SR

MetadataServer

-config: MetadataConfig
-metaStore: MetaStore
-rpcServer: RpcServer
-journalManager: JournalManager
-metrics: MetricsCollector

+init(config) : : Result

+start() : : Result

+stop() : : void

+getMetrics() : : MetricsData
-initMetaStore() : : Result
-initRpcServer() : : Result
-initJournalManager() : : Result

/

configured by

|

MetadataConfig

\

collects

|

+rpcEndpoint: string

+dataDir: string

+journalDir: string
+replicationFactor: int
+consistencyLevel: ConsistencylLevel
+cacheSize: size_t

+syncinterval: Duration

MetricsCollector

-operationCounts: HashMap
-operationLatencies: HashMap
-errorCounts: HashMap

ILWER7R T MetadataServer BINEREII N EHECE.

5.3.2. JoiFfiE
&I inode. BRKENBETIXROROTHIREHRL.
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|
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5.3.3. RpcServer §ll MetaServicelmpl

SMEE FPImER A EEERTTEIER(ER) RPC .
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rFnerissideid) ;@ Resalrs

e aEDri ol eld, nemeh | & Resull
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Metadasladhe
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drCache: LEUCache:
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+recordOperation(opType, duration) : : void
+recordError(opType, errorCode) : : void
+getMetrics() : : MetricsData

e
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uses

RpcServer

-server: GrpcServer
-services: vector

+registerService(service) : : void
+start() : : Result
+stop() : : void

contains

MetaServicelmpl

-metasStore: MetaStore
-authManager: AuthManager
-quotaManager: QuotaManager

+Lookup(request, response) : : Status
+Create(request, response) : : Status
+Mkdir(request, response) : : Status
+Rmdir(request, response) : : Status
+Readdir(request, response) : : Status
+Rename(request, response) : : Status
+GetAttr(request, response) : : Status
+SetAttr(request, response) : : Status
+Unlink(reguest, response) : : Status
+Hardlink(request, response) : : Status
+Access(request, response) : : Status
+Fsync(request, response) : : Status

\

uses

uses

)

AuthManager

QuotaManager

MetaStore

-tokenValidator: TokenValidator
-permissionChecker: PermissionChecker

+validateToken(token) : : Result
+checkPermission(user, inode, operation) : : Result

-quotaTable: QuotaTable

+checkQuota(user, spaceNeeded) : : Result
+updateUsage(user, spaceUsed) : : Result
+getQuotalnfo(user) : : Result

ILEER T RPC lRSaAHNRESSHIEIRHREEIXR.
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JournalManager

-journalStore: JournalStore
-replicator: JournalReplicator

+init(config) : : Result
+appendJournal(operation) : : Result
+commitJournal(journalld) : : Result
+recoverFromJournal() : : Result

7

uses

|

JournalStore

-journalFile: File
-indexTable: JournallndexTable

+append(entry) : : Result
+commit(id) : : Result
+getEntries(fromld, told) : : Result>
+truncate(id) : : Result

\

manages

JournalEntry

+id: Journalld

+timestamp: Timestamp
+operation: MetadataOperation
+checksum: uint64_t

"

uses

JournalReplicator

-replicaConnections: vector

+replicateJournal(entry) : : Result
+syncReplicas() : : Result
+CheckReplicaStatus() : : Result>

BRI T IS B S RS EERRE.

54. FETIERIE

5.4.1. XHBIZ T EiRE

Client RpcServer MetaServicelmpl AuthManager QuotaManager MetaStore JournalManager
Create(parent, name, mode]
Createl)
validateToken() ~
Userinfo
‘ ......................................
checkPermission{WRITE)
Allowed
‘ ......................................
checkQuoataf ) N
CQuotalk
.‘. .......................................................................
appendournal (CREATE_OP)
journalld
‘ e e e TR TR ————————————
createlnode()
allocatelnodeld()
createlnodeDbject ()
namespaceTable.linki)
newlnode
e B B
commitJournal{journalld)
Success
- T
updateUsage()
Success
‘ ..................................................................
newlnode
PR ——————
CreateResponse
* .......................................
Client RpcServer MetaServicelmpl AuthManager QuotaManager MetaStare JournalManager

IEERR T S MR TERE, EENIRNE. BSCREEEE.

5.4.2. BRIILTIIEREE




Client RpcServer MetaServicelmpl AuthManager MetaStore MetadataCache

Readdir(dirld)
Readdir()
validateToken()
Userinfo
.‘... L ———
checkPermission{READ)
>
Allowed
‘.... T L
getattridirld)
getinode(dirld)
alt [Cache hit]
cachedinode
.“_ P ———————————
[Cache miss]
inodeTable.getinode()
inode
inode
- R
dirlnode
T L LT T T ————
readdiridirld)
gelDirEntries(dirld)
alt [Cache hit]
cachedEntries
[Cache miss]
directoryTable. listEntries()
entries
entries
.‘ .................................
dirEntries
.‘.. [P [ ——————————
dirEntries
e
ReaddirResponse
T ——
Client RpcServer Metaservicelmpl AuthManager MetaStore MetadataCache

BRI T SEFR BRI BRI H TR,

5.4.3. EnnRiR(ELIERIE
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5.5.2. EFFIMEREMEL

MetadataCache BHEFMZEIHEA] inode MIERFIZR, LURDESIEEERFARSME. BXM T LRU (RE&DER) INEREREERFER.

5.5.3. BEicEMERkE
HEEESELM ymMEHE, LUBERESEEE R TS TEUERE. BB EUTEIEREEICREREY, AEBNARIFEHIEE.

5.5.4. ifRiEHIMZE
INEETRSAMINERI I, FHRIBEIERS B AURIRIIME Unix RASTURITIIRIGE, SXsET RramsTEs,
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EeEnE IR IR R FI TE N AP AR FEECER. B4EIPERRIHER, FAMILEH o ECRERIER(E.

5.5.6. 2T\ EDiE

WFZTREE, TTEURIRSEENE. MEEFEEFEFAWE, LIRRERIIS I B I—2E.
5.5.7. Ali BB 14T

XattrTable 12t 7 /A4FIBRAIT BEM (xattrs) RUFETNNEZER, FFRUINVEGBEERNEEN TTEIE.
5.6. £5i

3FS JTEUEIRSIRA T —NEAMBSMR SR EEX ARG TadE. HERUIRITPEEME. £F. DREEMNEZENKERDT, AIFREHIEEIY REl. BSRFHREASIETEME, BIEER
FEHFRRIIER T, MEREISINIT T & W RERIERE.

6. BEIEFIP#HIE (MGMTD) 5R#3 (src/mgmtd)

AIHEEEART 3FS RFEHEIETFIFHIE (MGMTD) BIZEY, MGMTD {EASIRUINEMEIERRS, WIEEREE. T~ OHRIEEERE.

6.1. FEHEFHELHAR

MGMTD BRSSEZ MR OEMHER, XLEMNE TFLURMERFEEIIEE.

vy Egrvidaa (=t i L [C T o AL P Lo ol ok e CETEE R L T BE] Ver st 3w 3 Ui A st i | kel e B ET

KEEBM:

o EERTPHIERSE

: MGMTD IRBHIEBEANOR
 MgmtdOperator

| QAERARSS O R ERVERE
+ MgmtdState

| HEHPEREFR SRS
+ MgmtdData

 FHEREER. EEESEREE
 MgmtdBackgroundRunner

 BEESES, WOBFIFRLIFESE
 MgmtdStore

: {8 MGMTD EUBAGISA M
 MgmtdService

' BFIm3ZBRY RPC RSSO

6.2. tH{HEISFNERE

I

6.2.1. MgmtdServer

MGMTD BRSBAINO R, ¥R FiERrEAG.

MgmtdServer

+Config config_
+std::shared_ptr<kv::IKVEngine> kvEngine_
+std::unique_ptr<MgmtdOperator> mgmtdOperator_

+MgmtdServer(Config config)

+Result<Void> beforeStart()

+Result<Void> afterStop()

+Result<Void> start(flat::Applinfo appinfo, std::shared_ptr<kv::IKVEngine> kvEngine)

Config

+net::Server::Config base
+MgmtdConfig service

6.2.2. MgmtdState 1 MgmtdData
ISR U SR ORI,



MgmtdState

+std::shared_ptr<core::ServerEnv> env_
+flat::Nodelnfo selfNodelnfo_
+MgmtdConfig config_

+MgmtdStore store_

+core::UserStoreEx userStore_

+UtcTime utcNow()
+Result<Void> validateClusterld()
+CoTask<Optional<flat::MgmtdLeaselnfo>> currentLease()

contains

v

MgmtdData

+SteadyTime leaseStartTs
+RoutingInfo routinginfo

+ConfigMap configMap

+Leaselnfo lease

+UniversalTagsMap universalTagsMap

+Result<Void> checkConfigVersion()
+std::optional<flat::Configinfo> getConfig()
+Result<Void> checkRoutinglnfoVersion()
+std::optional<flat::RoutingInfo> getRoutingInfo()

6.2.3. MgmtdBackgroundRunner fl[g& R3S

EESMEEHE, LURSERINIET.

MgmtdBackgroundRunner

+MgmtdStateft state_

+std:
+std:
+std:
+std:
+std:
+std:
+std:

:unique_ptr<BackgroundRunner> backgroundRunner_
:unique_ptr<MgmtdHeartbeater> heartbeater_
:unique_ptr<MgmtdLeaseExtender> leaseExtender_
:unique_ptr<MgmtdChainsUpdater> chainsUpdater_
:unique_ptr<MgmtdClientSessionsChecker> clientSessionsChecker_
:unique_ptr<MgmtdHeartbeatChecker> heartbeatChecker_
:unique_ptr<MgmtdNewBornChainsChecker> newBornChainsChecker_

+void start()
+CoTask<void> stop()

- T A

MgmtdHeartbeater MgmtdLeaseExtender MgmtdChainsUpdater

+MgmtdStatet: state_ +MgmtdState& state_ +MgmtdState& state_

+CoTask<void> send()

+CoTask<void> extend() +CoTask<void> update()

6.2.4. MgmtdOperator FliRS31%O

L8 RPC ZEOFIARSRE.



MgmtdService

+MgmtdOperator& operator_

+MgmtdService(MgmtdOperator& opr)
+CoTryTask<GetPrimaryMgmtdRsp> getPrimaryMgmtd()
+CoTryTask<HeartbeatRsp> heartbeat()
+CoTryTask<RegisterNodeRsp> registerNode()
+CoTryTask<GetRoutingInfoRsp> getRoutinginfo()

uses

\ 4

MgmtdOperator

+MgmtdState state_
+MgmtdBackgroundRunner backgroundRunner_

+MgmtdOperator(std::shared_ptr<core::ServerEnv> env, MgmtdConfig config)
+void start()

+CoTask<void> stop()

+CoTryTask<GetPrimaryMgmtdRsp> getPrimaryMgmtd()
+CoTryTask<HeartbeatRsp> heartbeat()

+CoTryTask<RegisterNodeRsp> registerNode()
+CoTryTask<GetRoutingInfoRsp> getRoutingInfo()

+CoTryTask<SetConfigRsp> setConfig()

6.3. XBETAERIE

6.3.1. D EMFICBETRIE

BRTRIMITS MGMTD iEMFHEE OBMARIFEFE,

6.3.2. IBEHEEN%&
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Client MgmtdService MgmtdOperator MgmtdState MgmtdData

getRoutingInfo{GetRoutingInfoReq) »

Ll

getRoutinginfo(req)

get routing info

getRoutingInfo{version)

...
gt
GetRoutinglnfoRsp
*..---.-.-.----..--..___._-._...
s o JELNOUNBIHONRSD oo
Background: MgmtdRoutingInfoVersionUpdater
periodically updates the routing version
Client MgmtdService MgmtdOperator MgmtdState MgmtdData
6 L] 3 L] 3 L] ‘E%ﬂ
B~ MGMTD W{IE=IEE MGMTD thiBRVERERE,
MgmtdBackgroundRunner MgmtdLeaseExtender MgmtdState KVStore
loop [Every lease interval]
extend()
[
currentLease()
Read current lease
i
Lease info
i cracincianisinsnannnssnssnsannas
alt [Lease needs
extension]
Update lease
=
Store new lease
Pe-
Success
f-ccccnccciciiccccncnncacccnnaaan
Complete
PR il i

MgmtdBackgroundRunner MgmtdLeaseExtender MgmtdState KVStore

6.4. EEEEE




MgmtdLauncherConfig

+String cluster_id

+bool use_memkv
+kv::HybridKvEngineConfig kv_engine
+bool allow_dev_version

+void init(String filePath, bool dump, vector<KeyValue> updates)

contains service config

\ 4

MgmtdConfig

+Duration lease_length

+Duration extend_lease_interval
+Duration suspicious_lease_interval
+Duration heartbeat_timestamp_valid_window
+bool allow_heartbeat_from_unregistered
+Duration check_status_interval
+Duration client_session_timeout
+Duration bootstrapping_length
+kv::TransactionRetry retry_transaction
+core::UserCache::Config user_cache
+bool enable_routinginfo_cache

6.5. ERinSIRSAIZEH



Client Side

Client

|

MgmtdClient

|

MgmtdServiceStub

Server Side

MgmtdService

|

MgmtdOperator

|

MemtdState




KV Storage
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7. 3FS T=FHig%R14 (src/storage)

AT 3FS DTN RFTFETRFRIZM, FHERSSIMRFANMINREIER, R RFEEBIENSRE.

7.1. Bhik

3FS FEFRGHRM T —MAIREHNSMESMIVFERRSE. CEES M FEERLAEER, WBFRINEEERE, FRHEIESHIFMKENS.

7.2. XHREMH
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1. FiElRS B
- QIR FimiE KA MR E O
2. FEIRMER
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(Target Management) - &ME7ZfiE Bir4Edp BRI EC

4. RIFE
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5. SHtmY
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7.3. ZR{5E

7.3.1. ‘H{F5RH

Cliant Apolical o

Storage Servioe Layer

Horsgciorvice
L ]
_____ . — S agelpe aior
1‘, Sloreee Operation Layer ‘ & &
Avheadorker Upcataorkar Staragelargets TLapatiap Buttarfool Falableforwarig
1 ) Worker Layer = Sagrage Tarpet Layge-
Wpadate oty DurgWorker Chechiwirber Alocale'wories Punchitiol eiories Syncietak v Worker StorageTanget
chrimn_m-.n Layer L]
ChaRiions Chunakrg ire
" +
Chunifileitore CPnmkdctatione
L
GlabalFilEsbora
FENERER T FEEMNFEEAUREXR. FHRERDERS, B—ERSEFHIENARGE.
sz N 1= |
7.3.2. iR IBTIERIE
Client StorageService StorageOperator TargetMap StorageTarget ChunkStore
Read/Write Request
>
Process Request
Locate Target
"
Return Target
A
alt [Read Operation]
aioPrepareRead
>
Read Chunk Metadata
Chunk Metadata
LT T P R T T TR PP
Prepare Result
- - i e e o e
aioFinishRead N
Read Result
*.. PR ——
[Write Operation]
updateChunk
»
Write Chunk Data
Write Result
m s
Update Result
-’ o s o i B i e e e
Operation Result
Response
.‘ ...............................
Client StorageService StorageOperator TargetMap StorageTarget ChunkStore
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Storage Target Management

creates/loads

;

l StorageTarget ‘

StorageTargets

VAN

e \

manages

‘

or

:

manages

Space Management

‘ ChunkStore ChunkEngine ‘

usfs usf's
ChunkFileStore ‘ | Chunkru';etaStore
accisses stores mitadata in
' '
‘ DiskFiles KVStore
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ChunkMetaStore
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GlobalFileStore
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UpdateWorker
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7.5.1. iEEUR(E
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3. FEREREE BiriRgdiREI Bk

4. TFhEERERER AioReadWorker /EFFIEEY
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ChunkStore

StorapeOperator StorageTanget ChunkReplica AloReadWorker
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Create BatchRead Job with all read 105
Get target smapshet from TargetMan
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Get target by chain I0 for each read 10
Retusn barpel
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Set storage target in each job
—
Mloeate read buffers from BufferPool
loop [For each AloRead job]
aPrepareRead|job )
aiofreparcRead|store, job)
>
getichunkid)
Returs Chumklnio with motadata
Werily chunk wergion
Sot up road parameters (fd, offset, etc)
Rt read preparation resalt
Retum read preparation result
PNl et S, oy R |
engueusi AloReadoblterator)
Submit read jobs to 110 engine
-
Wait fior 170 completion
Process completed reads
le Slgnal completion via baton
winFinishReadijob) for each completed read
gloFinEhResd|store, jobj
Validate read results
-
Return validation result
Retum finksh resull
alt [Send data inkinc)
Copey data to inline response bufler
-
[Use ROMA transmission]
Setup RDWA trarsmission for all read dals
|
Return Ratc hRead Rsp
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BN CONTETT Jah _
updateChink | job, eseotor J
commitistore, jobi
gt chunkldy o
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Beturn Chunkinio with metadala

Upetane comen it seriion

Set chunk state to CLEAN

sEt{crunkid, chankinfo, persss)

Return result
- .

Return commit result
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A
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A
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Return update result
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Client Request |

ChunkStone sﬁtem

ChunkStore ‘

l = — o Mllocation Components
T | AlocateStateln- Active
ChunkFileStore chunksin- Recycled
chunksin- Created chunks
e = -—_H_""“--\.\_
. —
"/_.- H"‘\I
Allocation Process ! l
Create Chunk Request Recycled Chunks Pool Created Chunks Pool Free Space Management
‘ - - —
Check Recycled Chunks W
7 ~
fx Evipty /
( o "
‘ Chick Created Chanks
-~
Has chunks Emply
|I »
Has chunks ‘ Allocate New Space
| j
L 1 T
L \_ .
—
Write Metadata
Persistent S}ta.;aie ]
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RockslB Metadata'n-
\
T:::: :::: :I:E‘f Chunk metadatain-
Allocation records
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ROMAREBE—FERINIRE, LIS ECFEIIFEZE:
Client ChunkStare ChunkMetaStore Allocatestate KVSiore ChunkFileStore
createChunkichunkld, chunkSize)
createChunk(chunkld, meta, chunkSize, executor, allowToAllocate)
ol |
Load Allocates qtﬂpﬂrch unkSize
alt [Recycled chunks available]
Check recycledChunks
e Return recycled chunk pasitian
Remowve from recycled list "
Update reused count |
[ [Mo recycled chunks, created chunks available)
Check createdChunks _
Return created chunk position
Remove from created list _
Update used count -
[Mo available chunks, need to allocate]
Chaech IT allocation in progress |
alt [Space allocation needed)
allocate{chunkFileld, fileSize, allocateSize)
L Return allocation result
Update allocateindex _
Update file size |
loop [For each new chunk position]
Add to created chunks list
Update created count -
Update created chunks list
L Return position for new chunk
Create metadata for new chunk -
Update created size N
I >
Commit transaction result
T R LI T L LL T E TE TR PP
Return result
Bl 1 e 1t e e 8 0 e e L]
apenfchunkinfo.meta. innerFileld) -
Return file view
S = R B R R B B R R A SRR AR R
Update in- ry chiunk maps
Return createChunk result
Client ChunkStore ChunkMetaStore Allocatestate KVStore ChunkFileStore
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ChunkStore

+Config config_
+ChunkFileStore fileStore_
+ChunkMetaStore metaStore_

+create{PhysicalConfig)

+load(PhysicalConfig)

+get(Chunkld) : Result<Map::Constiterator>
+createChunkiChunkld, uint32_t, Chunkinfok, Executork, bool)
+set(Chunkid, Chunkinfog, bool)

+remove(Chunkld, Chunkinfok )

+queryChunks{ChunkidRange)
+getAllMetadata(ChunkMetaVectork )

|

ChunkMetaStore

+Config config_
+ChunkFileStorek fileStore_
+KVStore kv_

+uinté4_t createdSize_
+uintéd_t removedsize_
+vector<Chunkld> uncommitted_

+AtomicMap<uint32_t, AllocateState> allocateState_

MetaStore

+RocksDB rocksdb

+open(config)

+Create(KVStoreConfig, PhysicalConfig)
+loadi{KVStoreConfig, PhysicalConfig, bool)
+get{Chunkld, ChunkMetadatat)
+set(Chunkid, ChunkmMetadatak)
+remove{Chunkld, ChunkMetadatak)

+get_chunk_metajchunic_id)

+add_chunkichunk_id, chunk_meta, sync)
+move_chunk(chunk_id, old_meta, new_meta, sync)
+remove(chunk_id, chunk_meta, sync)

ChunkEngine

reopyMeta|RawMeta, ChunkMetadata)
+oElice(string)
+aioPrepareRead(Engine, AioReadJob)
+update(Engine, Updatelob)
+commit{Engine, Update Job, bool)

| +queryChunkiEngine, Chunkid, Chainld)

v
ChunkAllocator

+5hardsSet<Groupld> full_groups
+ShardsMap<Groupld, GroupState> active_groups
+Groupallocator group_allocator

+lpad(Iterator, Counter, Size)
+allocate{Clusters, bool)
+reference|Position, bool)
+dereference(Position)

+createChunk{Chunkid, ChunkMetadatai, wint32_t, Executork, bool)
spunchHole()

+syne()

+allocateChunks{AllocateStatei, bool)
+recyclefRemovedChunksiAllocateStatel, bool)

N

AllocateState

+mutex createMutex
+mutex recycleMutex
+mutex allocateMutex
+bool |oaded

+bool allocating

+Dool recycling
+uint32_t chunkSize w
+uint3Z_t allocateindex ChunkFileStore
+uinté4_t startingPoint L

+uintb4_t createdCount

+uinté4_t usedCount

+uinté4_t removedCount

+uintb4_t recycledCount

+uinté4_t reusedCount

+uinté4_t holeCount

+vector<ChunkPosition> createdChunks

svector<ChunkPosition= recycledChunks

smap<uint32_t, size_t= filesize
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allocateChunks()

v

{ Created }

createChunk()

4
Used

update operation commit operation node failure ‘recovery

[ Uncommitted ]

\

write()

v

[ Updated ]

commit()

\ 4
createChunk() [ Committed J

remove()

v

Removed

e N

recycleRemovedChunks() punchHoleRemovedChunks()

y

[ Recycled { PunchedHole
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2. BIRCRER P X o
3. BiR&RSE

4. RDMA E3E(E4H

5. HES N

7.12.2. AioReadWorker
AioReadWorker 12t 545 110 THREFATIEEUR(E:

1. B8 1/0 &gt

2. (MR B EER R RN

3. ZIEHESFRY AIO F io_uring [0
4. SRR EISERIEK

7.12.3. ChunkReplica
ChunkReplica {MEHREISEFRIFAEIRIE

1. SRR FNIIE

2. HhRANEHRISERIE
3. IRATHER(F

4. REQMIGIESEHT

7.12.4. BirESTE

FhEEmBE LA O TER:

1. ISR B IR
2. EREUARSER
3. Bl RS
4. SERITZ R S4EF

7.12.5. nJSEEEA

ReliableForwarding B4R EFMEIT S IEFRERE:

1. 15 REREIFEHT R
2. B AN
3. —Eu4IeiE
4. SERRAETER

S&xn
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[1]1 VS Code Copilot Agent: https://github.blog/news-insights/product-news/github-copilot-the-agent-awakens/

[2] DeepSeek 3FS: https://github.com/deepseek-ai/3F S/tree/main/src/storage
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