PNFS Hag oObeKkTHbIM XpaHUMULLEM
Acronis

Anekcangp Mapkenos
Pykosogutens: Knpunnn Koportaes
7/ vironsa, 2019



BBenoeHue

2/22



Nfs (Network file system)

e OcHoBaHHbI Ha RPC npoTokon, ¢ Bbi3oBaMu K yaaneHHou hannosomu

cucrteme: access, lookup, listing, open, close, read, write...

Pnfs (parallel nfs)

e Server obpabatbiBaeT lookup / listing / get 3anpocbkl N0 MeTagaHHbIM

e Storage devices obpabatbiBatoT 10 3anpockl No gaHHbIM (B3aMMOOENCTBUE C
KNnMeHToM 6e3 yyacTtua server)

e Tun layout (files, block, objects) onpegenaeTt npoTokon B3anmMogencTemg

MeXay KnueHTom u storage device
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Pnfs

Block (FC) /
Object (OSD) /
File (NFS)

NESv4.1 Server Storage

Clients
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Acronis object storage

e NS (cepBuc UMeH): nmeHa -> (uid, MeTagaHHble)
o OtgenbHbIn NS oTBevaeT 3a otgenbHbIn lexical nnm hash npomexxyTok

e OS (cepBuc 00beKTOB): Uid -> AaHHbIE

o OtgenbHbin OS oTBEYaET 3a OTAENbHbIM MPOMEXYTOK Mo uid
e VCS(or pstorage) block (file) level backend
o OS and NS xpaHaTt cywHocTtn B VCS
e AreHTbl 4N 6anaHCMPOBKN, OOHapPYXeHUSI N obecnevYeHNa BbICOKOW

[OCTYMHOCTU

o  YnpasnsawT oTobpaxeHunem {0s, ns} -> pusmyeckne malluHbl
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Llenb, TpeboBaHus, 3agayn
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Llenb

MonyunTb peanusaunto pnfs Hag Acronis Object storage: To ecTb gatb pnfs KnMeHTam

BO3MOXHOCTb paboTaTb C CyLLHOCTAMU, XpaHawmmMmucs B Acronis object storage

3anayu

e (O0o03peTb nMetowmecsa pnfs KNMeHTbI, ONpPeaennTbLCA C NoaaepXuBaeMbiMu TUNamMm
layout ansa peweHus

e (Ob603peTb MelLMecsa peanmsaunmn pnfs cepeepa n BO3MOXHO BbliOpaThb
onpenenéHHyo ana agantauum

e PeanusoBartb/agantupoBatb pnfs cepsep Hag Acronis object storage

e [lpoTecTmpoBaTh peLlueHne Ha PYHKLUNOHANbLHOCTL N MPOU3BOAUTENIBHOCTb
TpeboBaHus

e Pnfs gaHHble OomkHbl XpaHuTbest B OS (HO MeTagaHHble He 00s3aTenbHO OOMKHbI

xpaHuntcs B NS)

e PelueHve moxeT ncnonb3oBaTth MHTepdelic VCS, Ho He MoXeT naMeHsiTb VCS 1122



PelLueHune
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1. llopaepxnBaemble KnueHTamm Tunbl layout

e Linux kernel knuneHT: file n block layout.

e Red Hat Enterprise Linux knneHT: file layout. Objects, blocks layout - beta
e (CentOS 6.x knuneHThI: file layout (Bce Tunbl - beta HaumHasa ¢ 7.x)

e Windows server (c 2012 Bepcun) nfs KneHTbl: HE NogaepXxuneatoT pnfs

e kofemann/ms-nfs41-client (ans windows): file layout

AIToro

e Xopowo nogaepxusaetca Toneko file layout. OctanbHble Tunbl - B
HecTabunbHbIX BEPCUAX

e Pewenne JOJIPKHO nogaoepxuBatb noka Tonbko file layout
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2. O630p peanusauum pnfs cepBepoB: nfs-ganesha (1):
e Userspace server, nogaepxmsarTcs Bce TUnbI layout
e [lpenocrtaensert File System Abstraction Layer (FSAL)
e WmeroTca peanusaummn FSAL aona GLUSTER, CEPH, ZFS, XFS, RGW u gpyrux

Nfs4j (2):
e userspace peanusauusd Ha java, nogaepxusaetcs file layout
e [lIpenocTtaenseTt abstract filesystem backend (kak nfs-ganesha)
e MeHee ygobHa, yem nfs-ganesha

Linux kernel server (3):
MNooaepxumBaetcs Tonbko block layout

Toro

PaunoHanbHbIM Bbibop: peanusauma FSAL nfs-ganesha mogyns ans Acronis object storage
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3. AnsanH FSAL moayns

BuiHecewM file-level onepaunn Hag acronis object storage B
oTAenbHYy0 bnbnuoTteky ostorfs

Ostorfs MoxeT ObITb NonesHa ans peanusaunn apyrux fs-based
NPOTOKOSIOB Haf acronis object storage: Hanpumep, WebHDFS
FSAL moagynb ucnosnb3yet ostorfs

Peanunsauunsa FSAL nHtepdenca npocrtasi: nouTn Bbi3oBbl N3 ostorfs

11/22



4. [In3anH ostorfs

NS He yoobeH ons xpaHeHus

MeTagaHHbIX pnfs

e [1noxo 6e3 nepapxmm NMeH

{metadata} s o RENAME(dir) npobnemsl
>

OSTORFS

e [lnoxo c nepapxuen

data} o Snapshots

o [oporne onepaunun ans s3
gateway, KOTOpbIN yXe

ncnonb3yet NS
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5. FSMDS: TpeboBaHus

e [logaepxka nepapxmm MMeH

e OTtobpaxeHue {dir, name} -> {inode/dir_inode, symlink contents}
e OtobpaxeHue {inode} -> {layout description, xattrs}

® DBbICTPLIN NMUCTUHT COAEPKMUMOTO ANPEKTOPUIA

e [logoepxka KOMMUTOB

e Vcnonb3oBaHne VCS anga xpaHeHUs1 BCEX CYLLIHOCTEN

EcTb nin bubnmnoteka, ¢ NoMoL b KOTopoun yaobHo peanusosatb FSMDS ?

[a, Acronis libarchive3
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Acronis libarchive3

e OnTUMM3NpoBaH AN XpaHeHus cywHocTen Ha VCS

e (OcHoBaH Ha LSM pepeBbsix

e OTobpaxaer Name -> archive item

e [logaepxmBaeT xpaHeHne HebonbLwMX AaHHbIX (<= 1KB) npsiMo B aepese
(archive_item_set _uservalue)

e [lognepxmBaet stream api onsa octarnbHbIX JaHHbIX (HECKONLKO stream ons
ogHoro archive _item)

e [logoepXmMBaeT KOMMUTDI
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5. FSMDS: cyuwiHocTH

Ir Superblock [key : "sb"] |
commit_sn

fsid

root_inode

stats

|, Inode [key: "inodes/%uid"] |
uid

| stripe_unit_size

| stripe_count

| stats
nrefs (for hardlinks)

stripe units OS uids

: xattrs

—

—_—

Dir Inode ["inodes/%uid"] |
uid
parent_uid
n_entries
name
stats

xattrs

v

uid

|Dir entry ["entries/%dir_uid/%na mre“r]l

L parent_uid

| offs_in_dir

Symlink contents

Archve item
inline

Archve item
stream #0

Archve item
stream #1
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drHanbHbIN AN3anH

FSMDS IBARCHIVE

S . (0stoRrsE) _—

I VCS

BACKEND

NFS-GANESHA
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TecTnpoBaHue
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TecTnpoBaHne Ha PyHKLMOHA

TpeboBaHue: TecTbl, npoxoaswme ana nfs-ganesha FSAL ¢ cambiM WMPOKUM
cnektpom BodmoxxHocTen (VFS FSAL), oonmkHbl npoxoauTtb U ans ostorfs
FSAL
TpeboBaHMe NPoBEPEHO Ha TECTUPYIOLLUX DpENMBOPKAX:

o dkruchinin/cthon-nfs-tests (nfs only)

o Bfields-pynfs (nfs only)

o Mora-nfstest (nfs + pnfs)
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2. TecTnpoBaHue Npon3BoANTENIBHOCTU. KOHUIypauns

e Ha kaxaou pmsnyeckon mMallunHe Kracrtepa 3anyLueH:

o OpuH nfs-ganesha c duplex pexumom:

m Pnfs server ans ogHoro cny4yanHoro FSMDS volume

m Pnfs storage device ans scex FSMDS volumes

o OgumH FSMDS gna yHukanbHoro volume

o Heckonbko OS cepsucos

o TeCTl/IpOBaHl/Ie npon3BoanI1oCb Ha Kractepax um3 3 n 5 mawuH

annapartHas KoHurypauums:

Storage

Processor

Memory

Clusterl

2x480 GB SATA SSD

5x6 TB SATA HDD
5x3 TB SATAHDD

2xIntel(R) Xeon(R) CPU E5-2650 v4 @ 2.20GHz

64 GB
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NToro

e PeanunsoaH fsmds object storage cepsuc
e PeanunsoBaHa ostorfs bubnmnorteka
e PeanusoaH nfs-ganesha FSAL moaynb ans ostorfs
e BbinonHeHo TecTupoBaHMe Ha NPOU3BOANTENBLHOCTb N PYHKLIMOHATN
o OTcTaBaHme OT opuUrnHanbHOW NPON3BOANTENBHOCTU KacTepa B
cpegHem ~1.3-1.5 pasa, 4TO NPUMEPHO COOTBETCTBYET
oTctaBaHuto FSAL ana gpyrmux pacnpegeneHHblx cuctem (CEPH,

GLUSTER)
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Pnfs: file layout

Storage dev #1

Storage dev #2

Storage dev #1

R

STRIPE

STRIPE COUNT =2

)

—OFFSET—>
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NFS-Ganesha architecture

!

RPC Dispatcher

NFSv3, NFSv4.x/pNFS,
RQUOTA, 9P

| |

Stackable MD Cache

Backend ( VFS, ZFS, XFS, CEPH,

RGW, GLUSTER, GPFS, LUSTRE)
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ostorfs sync interface

e CREATE(dir, name, stats)->obj, MKDIR(dir, name, stats)->obj

e UNLINK(dir, name, obj)

e OPEN(obj, flags), CLOSE(obj)

e GETROOT()->0obj, LOOKUP(dir, name) -> obj, WALK...

e LINK(src_obj, dst_obj)

e SYMLINK(src_dir, src_name, dst_obj), READLINK(obj) -> (dir, name)

e RENAME

e TRUNCATE

e {GET/SET}ATTR (obj, stat); {GET/SET} XATTR (obj) by name, LISTXATTRS (obj),
{GET/SET} ACL (obj, acl)
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ostorfs sync interface

e OPENDIR, CLOSEDIR, READDIR->[Jnames(via iterator), SEEKDIR(off)
e LAYOUTGET(obj) -> [Jstripe_handle
e Separate stripe ios
o READ_STRIPE(stripe_handle, off, buf), WRITE_STRIPE, FSYNC_STRIPE
e Common ios
o READ(obj, offset, buffer), WRITE(obj, offset, buffer), FSYNC(obj, flags)

m Parallel operations for object stripe units
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Fsmds pa3Hoe

e Inodes caches: RBtree (uid -> inode), LRU
e OTnenbHbIN archive ana otaenbHoOro volume
e XypHan (write-ahead) gna koHTpona onepaunn, otnpasnsemMbix n3 FSMDS k
OS Hanpsimyto:
o 3anwucwu: truncate_obj (truncate stripes) n delete_inode (delete
stripes)
o 3anucb xpaHutca B archive_item

o XypHan npourpbiBaeTcsi 4O KOMMUTA U NOcne YTeHns cynepobnoka
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BANDWIDTH (MB/s)

Read perfomance on raid6
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BANDWIDTH (MB/s)
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BANDWIDTH (MB/s)

write perfomance on raidé
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BANDWIDTH (MB/s)

write perfomance on replica conf
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