CubeFS Deep Dive

Bo3moxxHOCTU eanHoro xpaHunuilia anga ML,
aHanUTUKN U KOHTEMHEPHbIX NnaTtgopm

CubelS

UBaH ApxunosB
SmartData 2026

POSIX HDFS S3
filesystem Hadoop API object API




KTo roBoput?

Yem 3aHMMaAKOCb

Kubernetes DBMS
My koa B aapo k8s u paspabaTtbiBato B 2023 3anyctun DBaaS ans PostgreSQL
k8s-onepatopbl Ans stateful cepsucos B production Ha fecsiTku Tbicsy B/l B
Kubernetes
Networking Storage
- B cBo6ogHoe Bpems cobupato n TecTupyro
Paspaba OBepneunHyto ce
MBaH Ava"-IOB SEIPESEIE R BRI S pacnpeneneHHble xpaHurkm B Kubernetes

_ _ Axpekc.Obnake
email: me@endevir.ru

tg: @endevir

Pabota ¢ CubeFS — nuyHbIM NpoOeKT, N03TOMY B AoKage He ByaeT Yncen KpynHoro
NpodakLleHa, 3aTo ByaeT YeCTHbIM pacckas 0 ToM, 4To 6oeno 1 kak gopabdartbiBanu,
6e3 NDA ;)
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PazButue CubeFS

2019 2020 2022

v1.5.0 v3.0.0
ChubaoF$S 1.0.0 CNCF Sandbox CNCF Incubating

MNosiBuncsa B JD.com kak
JelleBast
pacnpegeneHHaa ©C
ansa 3agad ML,
pacnpeneneHHoro Kalua,
JioroB 1 63kanoB

2017

v2.0.0

MpoeKkT nepenmeHoBaH B

S3 API, POSIX atpubyTbl, _
CubeFS n nepenan CNCF Nosesnenne BlobStore

MYJIbTU30HAlNIbHOCTb U ABWXKA C HO,D,,D,ep)KKOVI
pa3mMmeLlleHne BOJIFOMOB C erasure Coding

HoBblili fuse-knueHT, MPUBSI3KOM MO 30HAM

K3LUMPOBAHNE N YTEHNE C
pennuk, IMMUTbI NOo iops
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2024 2026

CNCF Graduated v3.6.0

Apantauus nog Al-Harpysku:
cluster-wide kaLl, onTumm3sauus
read path,
KnueHTckun read-ahead

BesonacHocTb 1
MYTbTUTEHAHTHOCTb:
ayTeHTudumkaums,
aBTopu3aums, beta
cHenwoToB, QoS no
IOPS/throughput

multi-region meTagaHHbIE U
ynyyleHNnsa aBToMaTN4eCcKoro
self-healing



PazButue CubeFS

2017 2019 2020 2022 2024 2026

v1.5.0 2.0.0 v3.0.0
ChubaoFS$ 1.0.0 v2.0. il
CNCF Sandbox CNCF Incubating CNCF Graduated v3.6.0
MosBunca B JD.com kak  [MpoekT nepenMmeHoBaH B S3 API, POSIX atpubyThl BesonacHocTb 1 Apnantauuns nog Al-Harpysku:
, » [NosiBneHue BlobStore- -
aelleBast . cluster-wide kaLl, onTumm3sauus
S DA ET E ] B CubeFS n nepegan CNCF MYTbTU30HANBHOCTb BUAKKA C NOEPKKON MYJTIbTUTEHAHTHOCTb: read path,
Ans 3agad ML, " pasmeLleHrie BOMMOB C erasure coding ayTeHTuduKaLus, KnueHTckuii read-ahead
pacnpeaeneHHoro Kawa, HoBbIl fuse-knueHT, NPUBS3KOIA MO 30HaM aBTopu3aums, beta
noros 1 63kanoB K3LUMPOBaHWNE N YTeHne C cHenwwoToB, QoS no multi-region meTagaHHbIE U
pPennuK, MMMUTLI MO iops yrny4lleHVs aBTOMaTUYeCKOro
IOPS/throughput self-healing
OPPO JD.com Meizu Clickhouse -
. : Elasticsearch
Xiaomi 1 00.|. PB
NetEase 200+ KrnacTtepbl KPYMHbIX KIMMEHTOB
Kafka/AutoMQ Iceberg

opraHusavmii-nosrib3oBaTenen
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YctponctBo CubeFS: ob6wan kapTnHa
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YctponctBo CubeFS: ob6wan kapTnHa

Control Plane
Raft Raft
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YctponctBo CubeFS: ob6wan kapTnHa
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YctponctBo CubeFS: ob6wan kapTnHa
)
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YctponctBo CubeFS: ob6wan kapTnHa
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YctponctBo CubeFS: ob6wan kapTnHa

Control Plane
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MetaNode: MetaPartition, Raft u oBe B-Tree

Metadata Plane

([[[L ® MetaNode j

o J
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MetaNode: MetaPartition, Raft u oBe B-Tree

OpgHa MetaNode cogepxut mHoro MetaPartition;
Kaxxgasa MetaPartition xpaHnT gaHHble Tonbko ogHoro Volume.

[Mpn atom y kaxgoro Volume moxeT 6biTb MHOro MetaPartition, pacnpegenenHbix mexay MetaNode

( )
~ MetaNode
Metadata Plane
( )\
® MetaPartition-1 (volume 1)
\\ \ J
([[[L ® MetaNode \ ( . )
) D ® MetaPartition-5 (volume 1)
\ j\ o\ J
( )\
® MetaPartition-50 (volume 2)
\ J
( )\
® MetaPartition-51 (volume 2)
\ J

- J
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MetaNode: MetaPartition, Raft u oBe B-Tree

MetaPartition pennuuupyetcs mexay pasHbimm MetaNode ¢ nomouwbto Raft

Y kaxgon MetaNode moryT ObITb OQHOBPEMEHHO U NAPTULUUU-NNAEPLI, U NApPTULNN-GONIOBEPHI
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s
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MetaNode: MetaPartition, Raft u oBe B-Tree

Kaxxabin MetaPartition conepxut B cebe aBa B-gepesa:

* Inode-tree — meTanHdopmauus ob obvekTe (hanne/nanke) u
pasmMelleHne ero JaHHbIX

» Dentry-tree — mannuHr (parent inode + child name) => child inode,
3agarowmin nepapxmio dannoBon CUCTEMBI

Inode oTBeYaeT Ha BOMPOCHI «4TO 3TO 3a OOBLEKT?» U «rae nexart ero
GanTbI?»

Dentry oTBevaeT 3a nonoxeHne obbekTa B AepeBe hannosou
CUCTEMBI.

SmartData - 2026 5 ¥ 5 7y __J ¥ ]

Inode — 06BbekT ®C ( key: inode ID )

1
P
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4 )
Dentry * MECTO B .U.epeBe (key: (parentid, name)>
1 // Dentry defines the dentry struct.
2 type Dentry struct {
3 ParentId uint64 // inode of the parent directory
4 Name string // The name of the current directory entry
5 inode uint64 // inode of the current file
6 Type uint32 // File Types and Permissions
7 }
- J
N

type inodelInfo struct {
sync.RWMutex

inode

Type

uid

Gid

Size
Generation
CreateTime
AccessTime
ModifyTime
LinkTarget
NLink

Flag
Extents

ObjExtents

uinté4 // inode id

uint32 // file type and permissions

uint32 // user id

uint32 // group id

uinte4 // File size

uinté4 // The version number, incremented for each revision

int64 // creation time

int64 // interview time

int64 // Change the time

[1byte // Save the path name of the source file corresponding to the soft link
uint32 // number of hard links

int32 // Whether the mark can be deleted

*SortedExtents // The location information of the file in the three copies

*SortedObjExtents // The location information of the file erasure code




MetaNode: MetaPartition, Raft u oBe B-Tree

Kaxxabin MetaPartition conepxut B cebe aBa B-gepesa:

* Inode-tree — meTanHdopmauus ob obvekTe (hanne/nanke) u
pasmMelleHne ero JaHHbIX

« Dentry-tree — mannuHr (parent inode + child name) => child inode,
3ajaroLwmn nepapxuo annoson CUCTEMbI

Inode oTBe4YaeT Ha BONPOChI «4TO 3TO 3a OOBLEKT?» U «rae nexart ero
oanTbI?»

Dentry oTBevaeT 3a nonoxeHne obbekTa B AepeBe hannosou
CUCTEMBI.

UTobbl paspewnts NyTe warehouse/events/day=28/part.parquet,

KIMEHT nocnenoBaTenbHO nuleT dentry KaXkgoro anemeHTa gepesa, a
3arem 4Yutaet inode KOHeYHoro doanna.
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Dentry * MECTO B FlepeBe (key: (parentid, name)>
1 // Dentry defines the dentry struct.
2 type Dentry struct {
3 ParentId uint64 // inode of the parent directory
4 Name string // The name of the current directory entry
5 inode uint64 // inode of the current file
6 Type uint32 // File Types and Permissions
7 }
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Inode — 06BbekT ®C ( key: inode ID )
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type inodelInfo struct {
sync.RWMutex

inode

Type

uid

Gid

Size
Generation
CreateTime
AccessTime
ModifyTime
LinkTarget
NLink

Flag
Extents

ObjExtents

uinté4 // inode id

uint32 // file type and permissions

uint32 // user id

uint32 // group id

uinte4 // File size

uinté4 // The version number, incremented for each revision

int64 // creation time

int64 // interview time

int64 // Change the time

[1byte // Save the path name of the source file corresponding to the soft link
uint32 // number of hard links

int32 // Whether the mark can be deleted

*SortedExtents // The location information of the file in the three copies

*SortedObjExtents // The location information of the file erasure code




MetaNode: in-memory un cansuHr

Inode- n Dentry-gepeBbs LeNIMKOM HaXO4AaTCHA B onepaTtuBHOW NamMdaTH,
a Raft log n cHanwoTbl NO3BOMAKT BOCCTAHOBUTL UX NOCIIE
nepesanycka.

EMKOCTb BCero knacrepa orpaHmiyeHa o6bEMOM onepaTUBHOM NamsiTy,
KOTOPYHO Mbl pe3epBUpYEM Mo Crion MeTagaHHbIX.
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In-memory B-trees

Inode — 06BbekT ®C ( key: inode ID )

O W N OV A W N R
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~
Dentry * MECTO B .U.epeBe (key: (parentid, name)>
1 // Dentry defines the dentry struct.
2 type Dentry struct {
3 ParentId uint64 // inode of the parent directory
4 Name string // The name of the current directory entry
5 inode uint64 // inode of the current file
6 Type uint32 // File Types and Permissions
7 }
- J
( )

type inodelInfo struct {

sync.RWMutex

inode

Type

uid

Gid

Size
Generation
CreateTime
AccessTime
ModifyTime
LinkTarget
NLink

Flag
Extents

ObjExtents

uinte4 //
uint32 //
uint32 //
uint32 //
uinte4 //
uinte4 //
inte4 //
inte4 //
inted4 //
[1byte //
uint32 //
int32 //

*SortedExtents // The location information of the file in the three copies

*SortedObjExtents // The location information of the file erasure code

inode id

file type and permissions

user id

group id

File size

The version number, incremented for each revision
creation time

interview time

Change the time

Save the path name of the source file corresponding to the soft link
number of hard links

Whether the mark can be deleted

7




MetaNode: in-memory un cansuHr

Inode- n Dentry-gepeBbs LeNIMKOM HaXO4AaTCHA B onepaTtuBHOW NamMdaTH,
a Raft log n cHanwoTbl NO3BOMAKT BOCCTAHOBUTL UX NOCIIE
nepesanycka.

EMKOCTb BCero knacrtepa orpaHuyeHa o6bEMOM onepaTtuBHON NamsTy,
KOTOPYHO Mbl pe3epBUpPYEM MO CrOoV MeTadaHHbIX.

OueHka ana cansuvHra - 1’6 RAM nog metanode Ha 1 MnH 0ObEKTOB.

Inode — 06BbekT ®C ( key: inode ID )

( )
4 )
Dentry - mecTo B AepeBe (key: (parentid, name)>
1 // Dentry defines the dentry struct.
2 type Dentry struct {
3 ParentId uint64 // inode of the parent directory
4 Name string // The name of the current directory entry
5 inode uint64 // inode of the current file
6 Type uint32 // File Types and Permissions
7 }
. J
( )

1 type inodelInfo struct {
2 sync.RWMutex
3 inode uinté4 // inode id
4 Type uint32 // file type and permissions
5 uid uint32 // user id
6 Gid uint32 // group id
7 Size uinte4 // File size
8 Generation uint64 // The version number, incremented for each revision
9 CreateTime int64 // creation time
10 AccessTime int64 // interview time
11 ModifyTime int64 // Change the time
12 LinkTarget []byte // Save the path name of the source file corresponding to the soft link
13 NLink uint32 // number of hard links
14 Flag int32 // Whether the mark can be deleted
15 Extents *SortedExtents // The location information of the file in the three copies
16 ObjExtents *SortedObjExtents // The location information of the file erasure code
17 }
\ ,
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MetaNode: wapaunpoBaHue MetaPartition

MetaPartition gensat metagaHHble no gnanasoHam inode ID aBTomartunyeckn no goctmxkeHmnn nopora no RAM

p
MetaPartition A

[0 .. 2724)

~

-
MetaPartition B

SmartData - 2026
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(2724 .. 2*2724)

( new inode 20M )
.

~

-
MetaPartition C

EEEE———
[2%27°24 .. +)

( new inode 40M )
.




MetaNode: wapaunpoBaHue MetaPartition

MetaPartition gensat metagaHHble no gnanasoHam inode ID aBTomartunyeckn no goctmxkeHmnn nopora no RAM

p
MetaPartition A

[0 .. 2724)

-

~

-
MetaPartition B

YTto wapaupyetca

Dentry records

\ 4

(2724 .. 2*2724)

( new inode 20M )
\_

~

-
MetaPartition C

EEEE———
[2%27°24 .. +)

( new inode 40M )
J [

3anucb nHgekcnpyetcsa napou parentld + name m

XpaHuTCcA ¢ parent.

Inode records

HoBble inode nonagatoT B crieayowmn ananasoH

MetaPartition.

SmartData - 2026

YTo He WapaupyeTtca

OpaHa Inode - Hegenuma

Cnenctsue: dpannbl cBepxbonbLunx pasmepos 6yayT
aononHuTenbHo Harpyxatb MetaNode 3a cuér
pa3sgyTtoun Inode

OpHa Dentry - Hegenuma

CrniegctBue: HeMnMb3s co3gaBaTh nanky Ha >20MIH.
annos



YctponctBo CubeFS: ob6wan kapTnHa

Control Plane

~

2N =N
%0 Master j %C AuthNode j
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Metadata Plane

([[[L ® MetaNode j

&

\

A

® ObjectNode ]4—
\

CLIENTS

-
® S3 API

AWS-compatible protocol

® POSIX

FUSE - cfs-client

® HDFS

J

[[[[L ® DataNode ]

Data Plane — Replicated\

N\ J
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YctponctBo CubeFS: ob6wan kapTnHa

KData Plane - Replicated\

“[[L ® DataNode j

- J
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Data plane: Replica subsystem

DataPartition pennuumpyetca mexay pasHeiMn DataNode ¢ nomolbto Raft

Y kaxgoun DataNode moryT 6biTb OAHOBPEMEHHO 1 NAPTULUK-NNAEPLI, U NAPTULNKN-GONTOBEPHI

® DataPartition-50 (leader)

® DataPartition-50 (follower)

-
DataNode - 3

® DataPartition-1 (follower)

® DataPartition-5 (follower)

4 ) 4 )

DataNode - 1 DataNode - 2

C e e
® DataPartition-1 (leader) ® DataPartition-1 (follower)

\_ \_ \_

e e e
® DataPartition-5 (follower) Multi-raft ® DataPartition-5 (leader) Multi-raft

. < » o < >

C e e

\§

® DataPartition-50 (follower)

® DataPartition-51 (leader)

| \_
-
[ ® DataPartition-51 (follower) [C DataPartition-51 (leader)
|
g J g J -

Tunoson DataPartition
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Data plane: Replica subsystem

KnneHT cam Bbloupaet DataPartition ans 3anucu, DataPartition
paccbliniaet o6HOBNEHNS Ha ONIoBEPOB

[~ Follower DP ) Mpwn nocrnenoBaTenbHON 3anMcKn HOBbIX AaHHbIX Primary DP
) . \ J CUHXPOHHO paccblnaet nameHeHus Bo Bce follower DP. Ecnu
[ ® cfs-client ]—*[ ® Primary DP ] P P
, . 9TO HE yaOanocb — KIIMEHT NOBTOPSAET NOMbITKY YXKe B APYryto
® Follower DP napTnugunio.

[Mpn nepesanncu cyLwecTBYOWMX JaHHbIX UCNOSb3YeTCH
ocnabneHHoe TpeboBaHne — AOoCTaToO4YHO KBOpyMma 13 DP, T.k.
BO3MOXHOCTU peTpanTbcs B apyrme DP y KnneHTa HeT.
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Data plane: Replica subsystem

KnneHT cam Bbloupaet DataPartition ans 3anucu, DataPartition
paccbliniaet o6HOBNEHNS Ha ONIoBEPOB

® Follower DP

[ ® cfs-client ]—*[ ® Primary DP ] ) ’
® Follower DP

NormalExtent <=128 MB

Bnokn no 128 KB

O6blYHbIE M KpYrNHble 0OBEKTLI 3annChbiBaOTCS B doansibl
NormalExtent 6nokamn no 128Kb. ®ann NormalExtent
orpaHuyeH 1024 6nokamu.

Smar‘tDataZOZG I B B S S B S B D B



Data plane: Replica subsystem

KnneHT cam Bbloupaet DataPartition ans 3anucu, DataPartition

paccblnaeT 06HOBNEHMS Ha hONMOBEPOB

[ ® cfs-client ]—>[ ® Primary DP ]

NormalExtent

Bnokn no 128 KB

Vs

® Follower DP

\

\

J

r

® Follower DP

.

\

J

<=128 MB

OGblYHbIE M KpYMHble 0OBEKTLI 3annchbiBalOTCS B doansibl
NormalExtent 6nokamn no 128Kb. ®ann NormalExtent

orpaHuyeH 1024 6nokamu.

Ti nyExte nt (64 chaiina Ha partition, pasmep caina — no 4 TiB )

Bnoku no 4 KB

Ans Hebonbwmnx 06bEKTOB €CTb Cneumanm3MpoBaHHbIN NyTb —
dannbl TinyExtent.

CubeFS arpernpyet MHOro MmaneHbkux 00 bEKTOB B 00LLMNE
append-dgannbil.
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Data plane: Replica subsystem — ocobeHHOCTH

NMpocToTa n HagEéXHOCTb

Hwmxenexauwiee xpaHunuiie — npuBbI4Hasa
doannosas cuctema (ext4, xfs, btrfs, etc.)

NMoppepxka in-place nepesanncun o6bLEKTOB
BmecTo copy-on-write Ha Becb 6ok nnu dann

Mpo3payHoe multi-tier xpaHnnuwe

[laHHbIE aBTOMaTUYECKN nepemMeLlarTcA B bonee
JellieBble XpaHuinnila B COOTBETCTBUN C
NMOJINTUKAMUN KUSHEHHOTO LIUKI1a

YnpaBnsiemoe ropm3oHTanbHoe
MacLiabupoBaHMe YTeHUs-3anucu

[ns kaxkporo Volume moxem 3agaBaTthb, CKOSTbKO
akTmBHbIX Meta- n Data-naptnumn gepxartb
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NMpocToTa n HagEéXHOCTb

Hwxenexawee xpaHunuiie — npuBbIYHas
doannosas cuctema (ext4, xfs, btrfs, etc.)

NMoppepxka in-place nepesanncun o6bLEKTOB
BmecTo copy-on-write Ha Becb 6ok nnu dann

Mpo3payHoe multi-tier xpaHnnuwe

[aHHble aBTOMaTMYeckn nepemellarTcs B bonee
[elleBble XpaHUnuLLLa B COOTBETCTBUN C
MNONMUTUKaMM KU3HEHHOrO LInKNa

YnpaBnsiemoe ropm3oHTanbHoe
MacLiabupoBaHMe YTeHUs-3anucu

[ns kaxkporo Volume moxem 3agaBaTthb, CKOSTbKO
akTuBHbIX Meta- n Data-naptuumin gepxatb

Data plane: Replica subsystem — ocobeHHOCTH

HeT nonHoueHHOWM noaaepXxkKu cHenwoToB

B cubefs peann3oBaH mexaHn3M CHEMLWIOTOB, HO Ha
AaHHbIM MOMEHT arncTpum He nogaepxunsaet multi-tier
volume’bl n PyHKUNOHaNbLHOCTL OTKMKOYEHAa MO-YMOMYaHuIo

ACHHXpOHHasA NpoBepKa pa3mepa NapTULMn

3anosnHeHHble napTMuum He cpasy nepexogat B RO no
aoctumxkeHum nopora B 120 'b. PekomeHayetcs gobaensaTtb
5-10% 3anaca npu pacyeTax cansuHra

OTtcyTtcTBYeT aBTO-AeTeKUuuns bitrot

[na 6nokos B Data-naptuumsax coxpansitorcs CRC-
YyekCyMMbl, HO HET aHanoroB Deep Scrub ceph’a.
ABTOMaTumka npoepseT Ha |/O owmnbkun gmncka u
pacxoxgeHua B pasmepax extent’oB (HEMONHYO 3anuchb)



YctponctBo CubeFS: ob6wan kapTnHa

Control Plane

~
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%0 Master j %C AuthNode j
\_ /

Metadata Plane

([[[L ® MetaNode j

&

\
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® ObjectNode ]4—
\

CLIENTS

-
® S3 API

AWS-compatible protocol

® POSIX

FUSE - cfs-client

® HDFS

J
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YctponctBo CubeFS: ob6wan kapTnHa

CLIENTS

Al 4
® ObjectNode ¢ S3API
L AWS-compatible protocol

-
® POSIX

FUSE - cfs-client

o

p
® HDFS

Hadoop FileSystem - cfs://
|
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POSIX: BO3MOXHOCTU U orpaHn4vyeHna panrioBon cUCTeMbl

{Q Application H. Linux VFS/FUSE H ® cfs-client }
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POSIX: BO3MOXHOCTU U orpaHn4vyeHna panrioBon cUCTeMbl

{Q Application HO Linux VFS/FUSE ® cfs-client

\\
® AuthNode j

® Master

Y
—

™~
N\
=\
=~

® MetaNode j

~\
N\
—_\
—_\

® DataNode J
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POSIX: BO3MOXHOCTU U orpaHn4vyeHna panrioBon cUCTeMbl

{Q Application HO Linux VFS/FUSE ® cfs-client

NMoapepxunBaetcs: aTpndyThl (chown/chmod/atime/mtime), cumBosbHblE
ceblnikn (kak hard-links Tak u soft-links), unix mode && permissions, Bce
OCHOBHble onepauun ¢ metagaHHbiMu (mkdir, rmdir, my, ...), read-ahead u
bcache

))
—

® AuthNode

™~
~N\
N
N

® DataNode j

He noppnepxuaetca: flock n pacnpegeneHHble 6GnoKMpoBKN Ha 3anuck, fsnotify
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S3 API: Bo3amoxHocTu u orpaHundeHust ObjectNode

~

\ CLIENTS

Control Plane

A
. . ® ObjectNode - A
B — AWS-compatible protocol
® Master J ® AuthNode J
\

/

Metadata Plane h
([[[LO MetaNode j
\_ J

Data Plane — Replicated\

[[[[L ® DataNode ]

- J
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S3 API: Bo3amoxHocTu u orpaHundeHust ObjectNode

PUT events/2026/08/part.parquet

(events || 2026 || o5 |[part.pasquet|

Kntoun S3 06beKTOB CTAaHOBATCS peanbHbIMK Nankamu n dpannamm Bo
BHYTPEHHEM NpeacTaBneHnn

|_|pl/l co3gaHun obbekTa PEKYypCMBHO CO30aKOTCA BCE HEAQOCTAOLLMNE
narikm B AepeBe

[Mpw yoaneHun obbekta B wtatHoM CubeFS yaansercsa Tonbko
HenocpeacTBeHHO hann. Nankn ocTtaroTcs Ha MecTe.

Y cebs peanusoBanu ornumoHasnbHbI MEXaHU3M PEKYPCUBHOM

OYNCTKM NpU yaaneHusix oobekToB yeped S3 API, nony4nnoch
JELleBo.
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S3 API: Bo3amoxHocTu u orpaHundeHust ObjectNode

PUT ts/2026/08 t. t : - y
events/ /08/part.parqus Multipart — atomapHbIn ¥ napannesribHbIN

noBepx ogHou inode

[ events J [ 2026 J [ 08 J [part.parquetJ [part 1] [part 2] [part 3] [part 4] me;;i?r:g

Kntoun S3 06beKkToB CTAHOBATCS pearbHbIMKU Nankamu u dannamm Bo Mpu 3aBepLieHnn ObjectNode npocTaBnseT npaBurbHbIE 0dCeThI
BHyTpeHHeM I'Ipe,EI,CTaBJ'IeHI/II/I 3arpyXeHHblX AaHHbIX 1 aTOMapHO ny6n|/||<yeT inode aHanorn4yHo c eANHNYHbIM
PUT
\

PUT 6onbloro o6bekra — aToMapHbIN

inode w write + flush ) create / switch
6es dentry J xattrs / ETag J dentry

YuTatenb He yBUANUT YAaCTUYHO 3arpy>KeHHbIA OOBHEKT
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S3 API: Bo3amoxHocTu u orpaHundeHust ObjectNode

PUT ts/2026/08 t. t : - y
events/ /08/part.parqus Multipart — atomapHbIn ¥ napannesribHbIN

noBepx ogHou inode

[ events J [ 2026 J [ 08 J [part.parquet] [part 1} [part 2} [part 3} [part 4} me;;i?r:g

Krntoum S3 06beKkTOB CTAHOBATCA peanbHbIMX NankamMmn " d:)a|7|ﬂaM|/| BO Mpu 3aBepLueHumn ObjectNode npocTaenseT npaBunbHbIE 0hCeThI
BHYTPEHHEM MpeacTaBneHnu 3arpy)XeHHbIX JAHHBLIX M aTOMapPHO NyGrMKYeT inode aHanorMyHoO ¢ eANHUYHBLIM
PUT

PUT 6onbloro o6bekra — aToMapHbIN
OrpaHquHMﬂ, KOTOpPbI€ CJIMLUKOM CJI0XKHO npeoaosieThb.

W ) - BepcumoHnpoBaHue ob6bekToB
inode write + flush create / switch
S diy tivs | ETee Aty - HeBo3moxHOCTb co3aaTb 06bekT a/b 1 3atem co3gaTtb 06bekT a/b/c
- Taxénbin ListObjects, kotopbin TpebyeT 3anpoca no mHoxecTsy MetaNode

YuTatenb He yBUANUT YAaCTUYHO 3arpy>KeHHbIA OOBHEKT
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HDFS adapter: BO3MOXHOCTU U orpaHn4yeHus

\\
® AuthNode ]

Ny
Spark / Hive cfs-hadoop. jar JNA libcfs.so ® Master j

Java workload FileSystem - cfs:// native bridge Tot xe SDK, uto u B cfs-cli

™~
N\
=\
=~

GIA KAXObIA COMPUTE NODE> jar + coBmectumas libcfs.so - build/runtime glibc gomkHbl coBnactb ® MetaNode ]

~\
N\
—_\
—_\

® DataNode J
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HDFS adapter: BO3MOXHOCTU U orpaHn4yeHus

\\
® AuthNode ]

Ny
Spark / Hive cfs-hadoop. jar JNA libcfs.so ® Master j

Java workload FileSystem - cfs:// native bridge Tot xe SDK, uto u B cfs-cli

™~
N\
=\
~\

GIA KAXObIA COMPUTE NODE> jar + coBmectumas libcfs.so - build/runtime glibc monxHbl coBnactb ® MetaNode ]

~\
N\
—_\
—_\

Ba3soBasi coBMecTUMOCTb Be3 nopgnepxku data locality ® DataNode J
Hadoop FileSystem API u npuBbl4Has Block locations cuHTeTn4veckue: scheduler
cxema cfs:// gns legacy jobs. He BUOUT mnaunyeckoe pasmelleHne blocks.
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YctponctBo CubeFS: ob6wan kapTnHa

Control Plane

~

2N =N
%0 Master j %C AuthNode j
\_ /

Metadata Plane

([[[L ® MetaNode j

&

\

A

® ObjectNode ]4—
\

CLIENTS

-
® S3 API

AWS-compatible protocol

® POSIX

FUSE - cfs-client

® HDFS

J

[[[[L ® DataNode ]

Data Plane — Replicated\

N\ J

SmartData - 2026
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OnbIT 1 HIOAHCDbI JKCNnnyataumnm

® Het Backfill Ha go6aBneHnn HOBbIX HOA, KNAacTep MOXET OCTaBaTbCs HEPABHOMEPHO 3amnofIHEHHbIM

® Ul pe-dakTo 3abpolieH, HeobxoamMmo nmcaTtb CBOM

e [lokymeHTaumsa n fiorm OCTaTo4HO CIIOXKHble AS1 BOCHPUATUSA

® MeHblue yaobcTBa B ynpasneHun tononormen, 4yem y Ceph

® PasBepTtbiBaHMe B k8s helm-4apTom == HEBO3MOXXHOCTbL YyNpaBniATb TONOMOIrMEN Knactepa B paHTanme)

® Mano lifecycle-nonnTtuk (He Ao KoHUa peanu3oBaH Expiration no BpemeHn)
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OnbIT 1 HIOAHCDbI JKCNnnyataumnm

® Het Backfill Ha go6aBneHnn HOBbIX HOA, KNAacTep MOXET OCTaBaTbCs HEPABHOMEPHO 3amnofIHEHHbIM

® Ul pe-dakTo 3abpolieH, HeobxoamMmo nmcaTtb CBOM

e [lokymeHTaumsa n fiorm OCTaTo4HO CIIOXKHble AS1 BOCHPUATUSA

® MeHblue yaobcTBa B ynpasneHun tononormen, 4yem y Ceph

® PasBepTtbiBaHMe B k8s helm-4apTom == HEBO3MOXXHOCTbL YyNpaBniATb TONOMOIrMEN Knactepa B paHTanme)
® Mano lifecycle-nonnTtuk (He Ao KoHUa peanu3oBaH Expiration no BpemeHn)

® HanucaH Ha Go n nerko gopabaTbiBaeTcs

e DOKOHOMWYHbBIN MO pecypcam, nerko passopaymsaetcs B Kind

e Het Backfill Ha fo6aBneHMn HOBLIX HOA => HET DONbLUMX NepPeMELLEHUI JaHHbIX NPY BBOAE :)
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[0] 25

CubeFS un Ceph: cpaBHuTenbHasA NPOU3BOAUTESNIbBHOCTD

CpeaHsas NnpouMsBoaMTENIbHOCTE NO TUNam onepaunn * 6onbwe — nyyuwe m Ceph BN CubeFS

®daunoBana cuctema - fio randrw 70/30, 4 KiB S3 API - Warp mixed, 64 KiB
16018 3244
15000 3000
>
=
I
>
X
)]
o
10000 o 2000
[11]
o
|_
x
()]
i}
[le]
O
5000 1000
0 0
READ W= GET PUT DELETE STAT

TecTbl npoBOAUNUCH Ha dev-knactepe u3 4x mawuH ¢ 16 vCPU, 32 GB RAM, 1000 QLC SSD, 10 Gb/s ethernet
MepenpoBepsanTe pe3ynbTaTbl HA CBOMX MOLHOCTAX U KOHduUrypaumsax!
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CubeFS cenuac

e bBhicTpas paboTta ¢ MeTagaHHbIMU Ha MUNMapaax o6 bLEKToB

® OpHoBpemeHHada nogaepxka S3, HDFS n POSIX AP| Hag ogHMMU U TEMU XKe AaHHbIMU

® [logaepkka YacTU4YHOM nepesanncm o0bLEKTOB

® MHoroypoBHeBOE KalLUMpoBaHUeE

® [lpo3padHoe rmbpuaHoe XpaHunuuie

Ho HyXeH pecypc pa3paboTku/SRE Ha gopaboTKy Ans yanobHoun akcnnyaTtaumu!

SmartData - 2026
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