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“EF” IAIRNFS
NFS5pNFSk BRI EIZ
NFSv4.245% 51 /O
PNFSZEH., $F1451/01EE
BRI E S10IRME
HammerspacefIpNFS3Z 2%
BEVNME AR

“EFr 1AIANFS

BYRIBAZFERE—HRESITH, EMSWANERZEA NFS (WEXHRYL) —XWE
FNFHAOBAENXAHHRZEDN—EREFZ— FIFEEITIRITFEA, SUNFSINF—EEREFE
; MEFIEEMILE—F, ENEREFTRKEN, F25EABER.

BN, BMTNFSTILERENARA, FSITMILE R EEEER— AT
MIFBEINMER. FRUAKHAIAN: NFSERTEAXHHEE, BE “FTAREME" ("Not
For Speed") . EEENEMHRXHHEEZERF A, BEERGTATHOEIFNE=FHITXH
%—}b; ir_“]E?

XEERTAXHFRENERY REFEHIQS BHREHABEICHE, BFELHEML, —#ELAL
IBARTEHINFSRAM AR, HEEHWREZTEREMBHIIBMR. NSHINFSEAEESHPCRHITXHR
SFIEEXNIMAISES), TRTEMRERHY Bt L& KE—ENFS (FESMLinuxkITHRNE
) RUMAESSHETITNNATR, SFAIREMGPUITE TEHH,

R EXNIMANFSHIRALR, FMERERE SRR A SEI T BRHITE 4R, EfF

RT HEIRSEATE, #EtﬁTET‘*T/’EmL%IqJ?EJ&E’Ji“ﬁIJJﬁbo [EIARIT T Hammerspacedl{g &
Fit R, BEIEIERHEE (data orchestration) . £E®m&=(E (global namespace) FaESY
BT B ENEIERSEE.
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NFS 5 pNFS 89—£&[5 5 [o][i

ERNRFENFSVA 25 pNFSHURAATIRT, A 1ELERM—LERE, REEEENFSRIRRAR
2o MTEFIR, HARIERREENET RSt RIX—EEY BRI,

NFSv3 Attribute NFSv4.2 N-Connect LOCALIO
RFC 1813 Delegations RFC 7862
RFC 3530

Striped
Flex Files

1995 2000 2003 2010 2016 2018 2019 2023 2024 Upcoming

NFSv4 NFSv4.1 pNFS Flex NFSv4.2 with Broker TLS Client-Side
RFC 3010 pNFS Files Layout pNFS & Flex Connection Erasure Coding
RFC 5661 Type Files Proven wi/Linux RPC

RFC 8435 at Hyperscale

LE - NFS X RHEEHEIT R

NFSHCIRF 1984 AISun Microsystems, MES&RMITHIMRZASV3AHF19955%F, NFSv35HAFH MY
—EERATRKE (stateless) i&it, MEFHENNMNAIEIER (mounting) MIXXHEHHIE (file locking)

o XMERMSHEEMEKERPTE “TEBE" (chatty) , FMOEUSTHHAE, BEIANTERN
HFEAR T

NFSVANIRE T HATRNGZE: EERAERS (stateful) R, FHIEFAEMEERSEE—NNEIE
TFRE—mO. LI, ZARASINT XBBS—E5121F (compound operations, {E#F
compounds) HZEHE (delegations) , EXIFIFIRITXENF], EvAERL £, NFSv4.1dE—F1EN
TEERSIERINGE, HERSIAFIINFS (pNFS) , XBELIINFSEHMENXERE. REEXE
X, {BpNFSVA1NZERTISENTEIEER (getattr) @SN EMIERE, FETEREIKES
HPCRHITX 4 RS = R R RV REK T,

NFSv4.2L “BEmEFIHEHIXESREREATY BIE” NEWR, LT REEFE. EOelH
ELEIE(E@EIE (real-time communication channel) , &P ikEEEhATIIEIRS 28 R M7 ERR
ZRTANMEEBIES BRI, 2018%F, pNFSEBERAREXHHE (Flexible File layout,
FlexFiles) BUMIfR/EER LI 71858, ZMEZFPRMERNFSVIFHERSENPNFS/EHFHET =—HH
FNFSV3ZHHEBEEE (ubiquitous) , XEMREEMFRIINENFSVIFEI A TLEENPNFSE
o FlexFilesiGpNFSETNEEAMNBRL R, EESAFEMELTENSHNAAREHITXHRSR
trae, REXLRIIEHE, pNFSvA.2TEMERS AT Bt L, FILLBHPCITILEANHITXHRS,
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EBAEEANE, BEESMKEZR, KRIABRENEST K. LUNFS A, XESERER
MFLIRLS Linux X EBME, F@d IETF (BBXMIEESH) RERER, UHER &SP
o

MRARRE: XEAMBHNITE Linux A%, HB 2019 FRKERKITR ZEM. @8I
pNFSv4.2, SRIFEER Linux ZITHRIAER T — T SEREHITXG RS, HERRIERZIEEE
T RAMIE HPC MR ERNRE RS,

IAITFRBELET NFSv3 (S "NFS" BfRZ A B BB EIfhRAS) 5 NFSv4.2 (B2 pNFS 5
FlexFiles) ZIEMIXBEER !

151E NFSv3 NFSv4.2 (pNFS)
4Ty ML - = s—zx0 2= % AIKQ/\ As 52
e R s s ;g;gériab. YFRDMA (ERREEAEFEEFER MHITHIREHESZ MEHERS
B BARSER HEEY BEERSESS T ANSA—hRTE:. BFEEED RigfteE—ZENE
ME TR BREMN . KRBLUIREAIERFRES, BERLDMEERIEL
o =i iHiREHIFIR (ACLs) : BRLmAIINE SN E P isSIAIE
= REI7 = TRIESSE M : BIEEEEIEROERE, MelfREFHPCIERE; &
A B B MOUNTIRERE & HENFSv4. 20MY
A 3 fiof: B20174#E, FrALINnUXKITARISNE S

LB - BEFpNFSHIFlexFilesBINFS v4.2FINFS v3HIELER
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LRI BRI

HRTEUATEELBARRTE. BHTRRTSESTLURRN, EARANIESIIT
Z BRI, PNFSVA LREESTIIHPCARIERE, SOLVRES AT THANAEDNR. EEH
MRS BIEH — BIEPNFSVA. 2 SF lexFilestot —MIRAE T X—IUR, WS HMNERBE
EEMEEE, AELIBANGPUL EIFERHNE, AFBAMBATIFRSE. ERNRY
NFSVA.25pNFSHTERIB2R1, BAVfeRE—RITRE, BrEEAIISE I SRR

Meta

{ 3,000 GPU Nodes -- 24,000 GPUs |
epuJepulferull| | Jepullcrulfepull| ";GPU apufepull| [Jepullepu fepull| | fepuTerullerull| Jepullepufepul | | ferullepulferul ' {epuferulfcru
Py fepu |apull| | Jepuljepulfepu | | fepufepu |apull| |jepulicpulicpull| |fePuiePu lePul| ||cPullcPullcPul | jGPUliGPU fGPU {opullepu aru |
apu Jepuferull| | Jepulleru fepull| | ferulfepulferull| fepullcpulepul| |fepuicpullierul| |fepuferufepul| |JePullepufepull| .. _____. >» {opu fepulfepu’
{epuleru fepull| | lepullarulferull |fepulcrulferul]| |fePulleru fepu| |epuicrulicpul |jepuferullepul | |lGPulicpu Py {opu fepufepu]
{erullerulferull| | JePuljepul|epPu tepu ferulfapull| Jepullepu lepull| |faepuliepullierull| fepulfepufepul | fepulicpulieprull {epu ferulfepu |
{epulleru farull| | lepullcrulferull |fepulcrulfarul]| |fepulleru leru| |ePuicrulicrul |jePuferullerul | |lGPulicpu |cpu | {epullcru | cpu |
fopufepu feru|| | fepuljepulferull | fePullepu ferull| ePuliepu fepull| |jePu ieru iePul| |Jepufcru fePull| |jepu leru fepu | {epulepulfcru |
{epulleru fepull | lepullarulfepull| |fepufarulfepull| | ePu lepul|cpPy {opulierullepu]| |{apulleru ferul | | fePu lapulfepu {opullepul|cru |
A A A A A A A A
: H : : H : H H
: H , : H : H H
. . . . . . P | >
{erullerulferull| | Jepulferulferull| | [erullerulferull| Jepulleruiferull | |[erulierulferull |Jepulferuferull| fepullepulferull apu Jerulferu]|
|---- .] [---- .|‘ l---- .‘ -——-- .] l---- .‘ -——-- .‘ l---- .‘
(mmmm o ([ mmm o ([ rmme o ([ mmmm o[ == . mmmm o ([ mm—-- e c--------- » ([ mmm= o
(mmeme o ([ m—-- .]‘ memee ([ rmee || - . mmme o ([ mme- o] mmm= e
i
H
: H , : H . H H
. : . . . : : :
I---- .l I---- .| [---- .‘ I---- .l l---- .‘ I---- .‘ [---- .‘ __________ >
[ unux |

\m NFS v3 -- Data Path
etadata Throughput = 12.5TB/s

| 1000 Storage Nodes = 42 PB |
N

| L ”l”””” NVMe Storage NVMe Storage NVMe Storage NVMe Storage NVMe Storage NVMe Storage
11— | 'l | T e

NVMe NVMe! NVMe. NVMe NVMe NVMe

' CT T Jwme] || TT T Jnwme CT T Jwmel | [TT T Iomell || T T T Jnwme YT Tnvme

Alll &Ll - Llll ) LLLL ALl Llll

N i Nvme NVMe NVMe NVMe el | - - - -y NVMe

| )_¢ “””””l s || et | | Rt | | Eafertape—® | | St ! e —
2a\ Nvme NVMe T | Nvme Nvme T |

[ s e Al = = = e g = e i = e e =
e NVMe T | I | nvmel T |
EER [ (YT T Jwwmel | [ TT T Invmel | [TTT Invmell | [T T T Tnvme] [T T [wmef

“ INVMe|
W -
“ [ | b_¢ | | | ” | | | | | I } NVMe Storage NVMe Storage NVMe Storage NVMe Storage NVMe Storage NVMe Storage

FTT | T || e || n
Metadata / Control Nod. rrr—lroy Yl | T 1
(Three-way Repl?c:leada-- Atggs’:Separeaste Power Rails) L] _JNVMe B L] _JNVMe ﬂ_ L] _JNVMe E 1] Nvme _ﬂ E—— ﬁ
YT Jvwwe]l || TT T Jrwme]l YT Jwwe]l | [TTT Jwme]l e I
= C LT Jome] || LT Jowmel || C Tl || T Jowmel ]
| Nvme]l | Nme]l Nme]l 1
Metadata Path Data Path

Customer’s Existing Storage Servers

EBE - MetaATIAI pNFSv4.2 SpE
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Meta i@ EF pNFSv4.2, RIIIZRAE Al REE) GPU B HRMEEUIESF. ZRAIBITE Meta BIFR
EEMIEHEZ £, HiBREEIIRELKRF (3E RDMA) EIEHARK. GPU RSREFimF NVMe
FHERS BRI TR LRRTFHRE P iniF—IXFERE Linux NFS BIR], 1£3%&#F Hammerspace #ll
PNFS Z#i, Meta X T RZHEHMAR, BEER BIRENEERS, SHTAEMFRS ZER
FEMEEM AP A EARHEER, EEEERR, X—LPRERFGHIER, EFiRER pNFS AERA
EEEMIERE (SIEBAME) TLRIRIEYEE. NHTHRILBENELAT, HELEFEH,

NFSv4.289 45145 1/0

5 NFSv3 #8Lt, NFSv4.2 BiEsREE /R T ORIt SANMMUME S, AT FHAFERX
LXBAE, BE—THIS: pNFSEEERET (BTFX) , AUXEHEEY, ERHEHHEKRK
T2 A e ARANRITHNRERRETF: RERSHIT MILERE NFS, BEEID pNFS AR
Do LUTFITIERITHEEIYTE NFSv4 BUEH IR ZE S 5IN, BERLHEETF v4.2 FREF, EX
BEARART, BRIESTKRESES, SUEHER “NFS” ; EFRIBIA, WEIFFEEKRRZE (40
NFSv3) o

E412E (Compound Operations)

NFSv4 5| \HI—IRE KHE5RIHAER COMPOUND RPC (EA T2 2iEA) - 7£ NFSv3 MER A+
, BRI RPC T2, M NFSv4 RE4EARASRE & RPC: NULL #1 COMPOUND, &
iZ COMPOUND, FFIHAIFZMEEITEAEMER, BEERLVSRSB[BHTIRRE. 5 NFSv3 18
kb, XRREBRANREMEA, CEMNERHBEAHUREE. EaRFEMUTFEFHLEER
SBRHTHNERER, RSBIZIAFHIT COMPOUND H9ig(E, EEASM—SMNEREEERLE
$B, NHBIBIRBFABESERITRER, RE{[BAAFFIHRELER.

Lookup

> COMPOUND
GetAttr m { Lookup GetAttr Open } an
) El OJ ( > 11 o
GetAttr ! .
= 5 = a2
NFS NFS NFS ca NFS
Client , GetAttr N Server VS Client ¥ ¢ Server
N\ 7
GetAttr
ya AN
Read
N 7
NFSv3 NFSv4.2
Non-Compound Operation Compound Operation

LB - NFSv4.2 Compound Operations
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PESKESER

NFSV3 ER AR LB— I TREMY, BRENGIAR LFEEIFIREES. FTLTE NFSv3 RSSIEIE
B, |RB— MR ERSBHEEEMIY (Lock Manager Protocol) . #AT, BiEERMNAISSILR
Ak, BEBIEN ‘B  (Advisory Lock) o 1BRIEB RN MR ENHIX SCPRN B EEBNE
FR—ABA LR HFAREIE—HE, NARFEERARIRESESREX G,

BT NFSv4.2 BEIREIN, EBIERETERESEROMNZH, MIFKRBIRIIAMEDIEIES
(NLM) i NFSv4.2 NBIE NtnAELIRE, BBiEN “@EI4Es” (Mandatory Lock) , XXRZF
BEFENIAMEERA. MERSEEHRSESE—EE, FERSSERNERARTFiG, RS
REBRLITFIN

NFSv4.2 PRSI EFE LTI :

- FTEES (Byte-range Locks) : AFBIEXGHIFEFTCE.

- HEFPE (Share Reservations) : #EFEFRIFIANXHFNNIR, HrELEMEF iERHIRE
—X %,

- Zik (Delegations) : IENEFFIEEREMMN TINIIIRE, MDEEXH CREAITTREBR) B
SRS Uiz,

- #/8 (Layouts) : 7E{EFS pNFS B A% P iR (HEIEHIRIAR

ERREHTEHIERS SBAIIRFEF M, HERFIHTRIREEERR, SBxiiERSSsEE
Bl (Revoke) Z#3E (Recall) . BNMEFWHEHE—I2FitEteE (FFA “HHA” Lease) —F&F
IHAE IR RERKETELY, EETFHBEL, THIERSSIEERNIHEREREIEHRY, B
IE “B%” &P imPRkTEhE P iR AR,

ETHIERSSEAENIE, EMERFSHN—MEEN “TERE”  (Grace Period) , TELtHAEIZF %
A EHEAMEREER,

AETEHERS RFEBNEF IRV ENTE (NERBLHBERER) , NFSBRMETEENE (

Callback Mechanism) »

Zilk (Delegations) #1%

B P in&F X BIES TRV RE D B I REM LBV D X —HHITE NFSv4.2 Sh3IEHThaE, {BAELE
R HARR AT BZ R

EEHRP, ERXHEHPR (BINHNERREENEANE—XHNE—F7EE) BAEMERTRT
EHRIRE WRFFIHEAN. ZEFmIEE) o NFSv4.2 AUt BRHFIEHRIEARMK, MEE
SERG, RARERDELR THEFiRSRSFEEHH.
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ZIRHHI T HIEAR S SRS I E REN R R IRNE R G TP is. SEFIRTHEXIEES, &
REMIR L TR ERSS 8. MREFFRITERIRZA, THIERSSFVEIRES—F iR
HOHRZRIER, ERF@EIEIENG (callback) ME—TEFHELKEIEK. L, Z&EFKETH
# (flush) HFFEEE, AR@EIIEERKMEIARIBIRCE,

B, XHHIENBENEFEIERNGIKI. RFESINEBREIK (directory delegations)
, WH—TRAZFIHREFINSHEES, HARRRERDMEEHRE,

No Delegations Active Write Delegation Read Delegations
Client Client ‘ Client Client Client Client Client Client Client Client
Write $ Read $ Read $ Read $ Read $
— ? | ¥ & I : l I & I ‘ | I & I b I d I l I'T I'T l

A TN\

Server Server Server
No caching of a file’s metadata Allows a single client to cache and Many clients can cache a file’s data and
or data on any clients update a file’s metadata and data metadata, but only if no updates

LB - ZERSEFRER

ZIRHHIER P inae IS L UIEEMIRRMEITE T, AANEF RS THIERS B ZEMX RS LR
MSHRERFFAENABE, TR HLTERERTHERSBEWRES, MIAFHH @ERIDRE)
[EWGER, TEXEIWGEKETRIEIRIIAITIRCE,

BT THERSSENTEEMBERTER, RItUMASERF hREAREEARER)IEEIKETHY
e, —BEEFIRMTEL (lease) EFIHA, TTHIBRSF[AIRAEAMBEZZEARNFABERSESR,
BIERRFENER. FRIHENERELMIERSREEENESEE, RIEFERIESERPIEX
Ko

INES®EE

£ NFSv3 1, RENFIRANEM, EHOINESE, THERSSEE “EFE RA—BaVRER
P itik, B RENA TN RIEA A HITHHWIIE, MosiERSSENRINZIIEE ERAIT.
NFSv4 R4 T X—R 2R, XFME P iR iRAF 2] NFSv4.x B33 256902 in & 3 1A IE

BT NFSva.x RS #alaex s ZMEeelE, EENXHERFENTEEIRARENR LR, Eit
EEFHEEREXGRAZA, SITHTEEME. NFS ATEFHEIBRSBXNEXHRER IR
AR ENE, BT ZEANEN, &P RAIEFR—MNGHAERZINZENH,
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NFSv3 Xz #FETF POSIX il (POSIX mode bits) BIXEiFIEEHEIMIEl, REMLE, K%K
NFSv3 ARS588SE (40 Linux) @ II7AY RPC #2325 POSIX 22 ACL (POSIX Draft ACLs) , X
L ACL EXFARIE BT POSIX 1003.1e/1003.2¢ 5 17 IREZEtrAHE, Linux RZF 2002 F£1EZ 5]
AT XX ACL V2 #F.

NFSv4.x ME4EZFEEER Windows Xi#& ACL (Access Control Lists) , 1R{EEIFHRINRITH] (
MEENAFPHAFANARENRRIRE) , RNEFEHLT Windows/Linux SBEEFIEHFINRE
TEME IR,

TERRT —THENZ2WWERE: BEFRiEETHIERSSBALLTERIEIER (Security Proposal
) 5 TTEIRIRSSRIEZIRER, WHETHE —HHNFITERS B IEIESNRSEE,

IR ERENNTR, KRB R RS RSRINE RIS R EEE,

Ask for VERS3 security,

NULL {RPCSEC_GSS, VERSS3, INIT, token_1} SUCCESS T

LB - BRNRENERE

m FENBRRT — N EAERNRZEMERIE:

BRRR: BFIRREVIIBRERBIRESR, BRTHIERSSHRES;

“RRE. ERHRARRBEROEZNMER, tERSHETHEERESRH NEERE. 5%
WIESTV) RURNIR THERIZIRESR;

hETE: BRHREIARER, NAETHE—HEIWG TTREEE(F.

Coportion | arguments T Rosporse

Ask for VERS3 security, but server does

NULL {RPCSEC_GSS, VERSS, INIT, token_1} AUTH_REJECTEDCRED not agree

oPeratlon M ResPonse Server agrees to VERS2, but wants a

NULL {RPCSEC_GSS, VERS2, INIT, token_2} SUCCESS, {CONTINUE_NEEDED, token_3} different security context (“token_3”)
Arguments Response

Client agrees to that, and the security

NULL {RPCSEC_GSS, VERS2, CONTINUE_INIT, token_3} SUCCESS
negotiation is complete

LB - EAERNT2NERIZ

NFS ZENHINTEER T R AERAMT (U Kerberos &£/, MEBEEMNE. ANPRIRSTFRN
%) , EBHAXIITICER, A, X—EF&MNNERESERE BT, BRERSIRE
PEZFI, rPREEMAEINITA (transparent to end-users) o
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EFMSE (Mounting)

7 NFSV3 1, BPISHES NFS SES (export) BRMISIIAEHIY (Mount Protocol) o T
75 NFSv4 RBSIRAT, X— AR EEEMEIR LT, BRI EE. NFS e T —
A3 ROOTFH (Root Filehandle) M%E, RS MRSRIEHIBEXHRANNESS, &

FISEIES LOOKUP 181F, MEZIEXCEEaIRt %, MRS FAEREMIAEAN (filehandle)

. ERMIERSBSHT SIXHERS, REXHRAGREEN— M NEIMS RGN, A
WHERYE (pseudo-file system) o E—iiHEEEF HEEBTAHRFESHESR, BEXEE

STEAM I R RSB,

Server View Client View
/ /
/ | \ /
1
1
/vlgl admin backup vol backup

Vol0 wvoll vol2 archive Vol0 voll archive

Bold = exported directories

LB -IXES (pseudo-file system) RE

K F A PRI YRGS MR
FRKERRTEFiHS THIERS 22 E—REENERBERE (round trip) -
EERITEIT (MAR) THERSMEE, WRTXLREET— E&81#E (compound
operation) , BIZMINGER/MN & HAIELIEHME
RIEFIENX:
Operation (i#(F) ¥: ©& NFS BFIRARIIEK, HEXSEHEIIArguments (£%) 7l
Response (FiRz) 5. ©&ARS2ZREINMLER
ERE4mES R -
MEIRERE: R pNFSv4.2 TEIERIE (BFin5S pNFS TiiERS B Z BN H)
EEmERNE: R} NFSv3 BiERE (BFimS pNFS Fi#ERS 28 2 B EHREH)

i X RARIA
BEEETE: RTIREEIRIRRE:
MIBRIERM NN (EK — MBE) “ERBIE: FARAMIE EEIE (Comment boxes) £F&EH
sk MIHRZIEAEERIER (R — FIER) SEMESRERAAT, TERERRMRERSSE,
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FTREIALEE, FPHSTREXMHRFRERBOKLRXGaE (filehandle) , WTEFfR:
PUTROOTFH #&/ER el atmig B NIRX AR (root filehandle) ; FE/ERY GETFH $#2/FR[E]
BRI HAMREYE. X—REFFIEE “Iof2” STRARSSH[BINSFHERK (export tree) BIHEH

predefined “rootfh”

PUTROOTFH {rootfh} NFS_OK constant, then pull
the real value back.

GETFH {th2} NFS_OK, {fh2}

Figure 8 - Get Root Filehandleto Mount

H13T NFS (Parallel NFS)

REBABREAL—RZRREREREN: MITgEBEIHTEL, a2 RNIKE,
HEFRTENL. SERSENNZEZTE MR LR, ERREXLERS, MOnFHITERZE
AR 23F1 2 &L HmE&E. pNFS (ParallelNFS) ERAtM4E—TEEBEIFBZ MRS HBMEZE
BZ, R8P EIRSR[BHE—BENEIEERERE,

REFE—LAIMIIFEASS pNFS &5 ERANRAFE, BElIfEUERKERE. Fla: ER
NFS BY nconnect H#)EISCI TCP EZZRER (REEXER) ; E@ET LACP BEZ MR
MO (REESR, [TEMRERIN) » XEFEBRE—EED, B EMRER LRGN,

pNFS 22443
HFZAHEKRRIRFNZE, pNFS INEIRALETFIMEBIENHITEH. ©ELM T THIEBEEKRES
HIERZMNE, XEEEFIREEBRSHTES ‘NAS KT E” HhEIEIRS R, HiESFMHEIRS S

(N

WS, HITHIENIEGIRE, INRIRAE Lustre FEMEEHTTXEHRS, X—RIHTNYHAIEE —
ENERSBLSBTRESHIRNE, FAK
EPmHITEEFERS2E, 7XMTIRAN
EaltttEe, XE2—MEIKIERZEM, -

Client

BRESIAEM E R B UEIPERRME, H
ESTRENRNAR LREEHE PR,

Data Path

ar [ T
#AT, 72 pNFS HELZA0, SERREEEME 00000 T N e
Metadata P;/

%, X—YERAFHE. pNFSERMSH kimo) (o) (o)
SEHONEH, LUREMASRERT ERLinux Vo Sowse  Some S

Rz, TRGIMNPEEZBNRHFEIRIER, A - pNFS 224
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5 (Layouts)

EXRFinEBERSEHEIRSIBEZR, FTERERNEM: 1. THRNFENLRFERSSE, 2. 3KE
TEEMERS 23 LRITIREIINIR (AAXR—TMHEXHRSR) . XRDERHTHIERSHFELE

7A%F (Layouts) HYEUIREMIRMG,.

pPNFS B RigitR

MIREZH], pNFS METEZIFZMEMEEHRELR, BIERFHE (Block Storage) . XH1Ff#E (File

Storage) MXKR7FfE (Object Storage) . SMFMEERMNARNMBEN, I pNFS B inieft
5K EZEXEREMISEER. M58 (Specification) BFE 7 RKY EE, AFHEHEERE

USRI TF R A

HRIER: SBRIENSFFHEK

mREEHFEFTEE (Byte Range) #1THY, MIFRBHMEBIX M, NMEZHRHRBEE: 2
FZNEFPHRMEIER—XHNAREZ S FHTRIE) ; Z#F/&EFE (Striping) , BIEFPHATENX
HOBRENSIMEEET (NE 7RSS , =RAMEE

PNFS RGN =KAHNEEMREA:

g)ﬂﬁﬁuﬂﬁ (C“entS) . ﬁﬁ%ﬂﬁ%ﬁg Storage Appliance

— LY
fEF%E. THIERSE ( ve Lt s
. Assumes NFS a

Metadata Servers) : IEFRE Server and Storage Metadata Server

Server are part of a
— ¥ E % iR 4Tk vendor-proprietary
EF&*E ’ #WJ‘]H %Fl Hﬁﬁ{j—jjo ﬁ storage appliance Control ProtocoI —
N £z (Proprietary)
fiERSS 28 (Storage Servers) ssp‘ot°°°‘ NFS Client

. FiEEEERNYIEIRE (Ed

L

cce
storad® t;aﬂ°“5\

WEﬁ;é&*EHE%%%) o Storage Server
X=FKAHZBEERHBERE,
BT 2 RN LB~ LIFEpNFSv4. 183 HAR9 & 1= i)

BPIHSTHIERS S B pNFS thiNR B, BFPIHSFERS2E: RIBEMEEE, B8R NFS.

R (W iSCSI) HITRMIN (W0 S3) - TTEIEARS IS5 FMEARSS2E: pNFSvA.1 FSERE X tHiEH|

MY (Control Protocol) o

X—igiHEMFR, RWEF—MRIE: %45 NAS R45H, THiERSSNEERS S BEERER—
NMEEIGE (W NAS kTS + FIREME) o IHET, ERMXEISENEER, TREXNINEE,

R TEFEN. X—1&IHHNESFIMEE: | EE (Vendor Lock-in) —7FE BHR BITEXIE

F, SHAR SNTEERS2E (NASKTR) TESRIENFERS SRS, FRREME—
AL TEHERS 2 (NASKTIR) MF#ERSSE, TERAREI SmivEYs. mEMESE stk
PFXMHEHERN, MEABIBRT XM TEWE" NEFEREHE .
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REXSHmE (Flexible V4.2 pNFS wiFlexFiles

R Any NFSv3 Storage
File Layout) B o
BN EFMEAX—RIZ: AHATHE Non-proprietary!

ARS3 2R HNTFHEARSS BB A BER B R E /&?

|] jI i U’ X o / |,4t2 ata p
c\ 1 — "‘\J J |:| =|i E\jE /I\ /. \>ﬁ T lJ Y \\y 4 NFS . 'dF/eXFI,:Ietl o/
I T % ﬁE‘, E* etadata Server Youtg

LB T RS S LR, P I

(NFSV3) (cess PO’ NFS Client
BRSO3 SE T T AR 55 2870 eﬁfﬁfl//a
0, TR ST R e Efj
o i5§21¢¥ﬁ}% (2%7‘] FleXFile E%EE Storage Server

B#R/9FlexFiles) IEEALLRER, HiE
EEl - pNFSv4. 2B AR REX M/ (Flexible File Layout) &@{EthiY

IARER NFSV3 121 EXIEHITIN. M
BB NetApp 8%, ZIHBE NVMe FERAEA Linux FRSS28, SifEfIEIF NFSv3 IS &&Ra]
LR 9 pNFS 72i&ARSS 250

FlexFiles $=HiHiY

FlexFilestz i Uiz O ThEE R BIE XM TR MEAR S 28 L SXFRVIARIA PR, X FALEI A B EIRNE P i
WRXYE, BEEENZEET “BEEMNF”  (fencing) BRLEEFIREIERNE R TiAREE. £
FlexFilesta ¥, RBpNFST#IEARS 2BHHE X EmNFSVIE#EIRS 2 rooti R, HEE2EEE
fiEiRS R/ LGB R, XMt BIRBEVGRFAEER RS EIERE, BBIamAPRR (
UID) M4EHRIR (GID) BIEIFHFIZISRFE P iHARNIE. XHHUIDHEEAFIESENIR, GID
HEENNRR IR, HaiERSEBETFRDERBEN, SEXRAIUID/GIDIEARPCEIEFRAT
B, SAFEREHEBRNIRE, THIERSFNFEAHRIESUID/GID, BENIR]EiifEE Fimisa
HEIER . BFRIHENEFREIELS, SEsARH/HERRTHIERSEZBEENHH, L
TCEIEAR S 2R IE S eI PRIRE 2 BBV ik

FERIHANE, ERUID/GIDRIEHEEENG SR i EEXH AR RIEHEEE
M —EE @I pNFSHTHIBRERMAIE, XMGITAR L2 BEINFSVIEGHE@EENE
, MBERBENME=1FHEELNLE, WEH—TMHEAHITXHRS, HelFz4ETTF: BEFRAT
NFSV3THMNBIT 72 F# A, XiBETHiERS BB IAREIENsISIEFSCI T FE R ENEZ SRS
o XMARBERFPAURBHSAR BANEFMHLE, ANERAZOEIMEPRECHKIEEERR
, MTREARSS 28 WIPELR A —MiREL A
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pPNFS %5 1/0 Rl

WEEA BT —ME LG TR T FRINFAIER pNFS # FlexFile BRITAXHHITIREL, THERKER
—1MNE5121F (Compound Operation) , BIEFPImSARSZB[ZEN—RERER, BEREERTE
Pin5ciiiERS2s (5190 Hammerspace Anvil i) ZIEIEY NFSv4.2 31iE, FREBERIEERIEZF iR
5FEIRSS 28 Z 889 NFSv3 3iE,

T FEMRNE—NESIRED, FRESEERIE. WIEHENIR. BRITAXHE, HIREUZXH
WmEEE, —BEEXFRREEIHEXRES, REE-NESRFEPIERAEANHRER. ETE
BHRABZ—RIE ID §IR, HEFHRNEILE IDfF, SBERZAIRILIRILE ID MM IgE
i (REMUSWEFER) . BIXEMI, BRKERS T BERSHFHERSHBEFHFRN,
X—I3BREEFNMRRE—TEGERES,

Client requests the layout type of the file:

N R [ S

Enables persistent reply

CREATE_SESSION {persist} {fho} NFS_OK {sess_id} caches

ACCESS {read} {9} NFS_OK,{read, read}
BREN {9} NFS_OK

GETATTR {layout_type} {the) NFS_OK,{FlexFile} B e layout type

Client requests the specific layout details:

LAYOUTGET {FlexFile, READ} {fh9} NFS_OK, {layout} for the new file, including
device iDs

Response

Retrieve the layout itself

Client requests device addresses for all device IDs:

N L S e [ S

Retrieve the list of device

GETDEVICEINFO {device_id 1} {ho) NFS_OK {device_addr_1} B e for oach dovice
ID

GETDEVICEINFO {device_id 2} {9} NFS_OK {device_addr 2}

GETDEVICEINFO {device_id 3} (o} NFS_OK,{device_addr_3}

LB - {8 FlexFiles B pNFSv4.2 thilFTFF X 4F# fTi%REY

SRERURIE S IR IERM, WMTRNRBEFIT. TR —NESIRER, TP RRIN X HHITFF
BXR, FE—THEENEXHERFENSIREZXMG. A, EREzRRSSHERME—T “HER
A (Layout Hint) , REAFLEEHWKHEREER —AFIFNFlexFilewF. &a, BFFRIERRS
BEFRDEHXHEM (Filehandle) MHE/EERE, ARSZB[RIREIXLEFER,

bela, FFImFARENXEOMNGEREEE, BREANBRER. &8, FRHIRmEFRFR
BARREAKEIDNVATIRSEMI, &L, ERE—TEGRFR, FRRFHIEERS NFHER

%o
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Create the file while asking for a layout:

[ Operation | Arguments _______|CurrentFH__________|Response ________|

PUTFH {fh6} {fh6} ( NFS—OK Filehandle for the directory

OPEN {fh6, “file_1", guarded, layout_hint} {th7} NFS_OK

1\ N “guarded” means create
GETFH Ry MNES_ QK {fh7} the file if-and-only-if it

does not yet exist
GETATTR {layout_type} {th7} NFS_OK,{FlexFile}
1\ Hint to the server on the
& - type v_:)f layout desired for
Get the details of the assigned layout: this file, eg: mirrored

assigned to the file by
LAYOUTGET {FlexFile, RW} {th7} NFS_OK, {layout} the server
. . . . T Retri h i
Client requests device addresses for any device IDs it hasn’t seen before: e e i nclumg
device iDs

Retrieve the list of device
GETDEVICEINFO {device_id_1} {fh7} NFS_OK,{device_addr_1} addresses for each device
D

GETDEVICEINFO {device_id_2} {7} NFS_OK,{device_addr_2}

Write data directly to storage server:

WRITE {0, 1MB} {fho1} NFS_OK Write the first 1MB

LB -8 pNFSv4.2 # Flex Files 8JB@H S AN

ERAEFWRER. FHUEMAUBEIE pNFS

RFC8435 (E X FlexFiles FItRAE) 5INTEFPIHER (Client-Side Mirroring) Thig. &4t
HREHBRSEATEE,. BIENEFEIERIEA, MEFRBERUBI THIERSE (A0
Hammerspace B9 Anvil) EXSRGEHENUE, HEGRPRETHERIIR. FF XA
MPIRFIEZERER (ZHE] Linux NFS BERIHEIAMERAE—1) , Hammerspace M@ a3
AR BRINE LI 57 I,

Typical NFS Data Path With NFS Protocol Bypass

EE ok Ham merspace )I%i&_i1ﬁﬂ$ )l% Linux Server Applications Linux Server Applications
S5FFPRUTFR—TRNAERE TR l :
{GFIRTRE, LUEIE LOCALIO (NFS 15 e [ N
WEER) 5. FRARAY NFSBRES e 1% el o
AR5 ERTITER—ENY, BiFihin4sit Linux N sere @ Linx NFS server E
MEE, LadMILEH NFS thillik, MmEE A File s;stem o A File System
PEARIEIR . XA S HPR AL EERT v v

(BENVMe 3 (BE NVMe 3 BE NVMe 3

& BREC EAIERE, ERTAHEER A
miHE (30 Hammerspace FET &) o HE - NFS iYEEEs (#F LOCALIO)
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) ’ AANVIL

AN _
7 4
/] \

(operton | rgmers — erpores

WRITE {91, 0, 9} NFS_OK

T

NFSv3

LB - BEPIRREMZEFEAHEIIRE

MNTFE#RERR, TRHERBIERNENREREERIER. IBEEMBREYIBRINENG, Z5EE

7+ SWITER TR
<

l

(operion—| mers | Resorss— [ pwon g eroree R cowton — g rerores

WRITE {91, 0, 9} NFS_OK WRITE {fh97, 0, 9} NFS_OK WRITE {fho4, 0, 9 NFS_OK

A

=
2

NFSv3 The fh91, fh94, & fh99 NFSv3 The {0,9} byte range is NFSv3
are unique to each the same in all
l storage device, and are \L operations because this \L
given to the client in the is mirroring

LB - EPHEREN=ZBHREXEFNTAN

EZPHRESA— TSN EGITBEIEIR, @1 T LAYOUT ERROR 2 XL T—1) mTiiERS®R L
REIR. BEfE, TTEUERSSNTBEXHNREREIER, X—3EMA “resilvering” (REER) .

AT EFPImRERINMEREAIBE P IREELMNT R, R T THUBRS S| NMM, HERESEMHEFMHEIF
BRREREEEN LIRS [IHFEERT R
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File File

Each file currently has ol
Layout just 1 “layout Layout Multiple “layout
Segment segment” Segment

segments” are possible

Mirror

Stripe Width = Size of
Stripe in Bytes

. That enables either : .
Mirror mirroring or striping Stripe Unit

Stripe Unit Stripe Unit
File File

Stripe Unit

Stripe Count = # of
Stripe Units in a Layout
Segment
Stripe Unit Stripe Unit

‘§triping not
Stripe Unit

implemented today,
but will be used for
Stripe Unit

Erasure Coding in the
future
tEB - ERRRESEHELRB

PR T EFWREERIS, MAREREEEFimFEHH (Client-Side Striping) BIRISE. KL (

%—_Z)I_J

a]
REIRRIP: IR IRERLMEE (Erasure Coding) BREE
MEHL, BEIBSRHIRFELESHIZIEERSSE, NMERESRNEIRFRIFVE,

m qm'
READ {fh91, 0, 9} NFS_OK / \ READ

ops [args  [Resp | ops [ args  [Resp
NFSv3
READ  {fh97,10,19}  NFS_OK

READ

Striping) EEZEME, SiFERAANXHEEE: BIRXHHITEFUI RIS M EERSS,
EERSAXHFHIXE R

{fh93, 40, 49} NFS_OK

NFSv3
{fh99 30, 39} NFS_OK
- HESE READ  {fh94, 20, 29} NFS_OK DESS
Storage

I
- NFSv3
Storage

|
3

(RHZ) EEREUMEF RS
IN8E, 1B Hammerspace IE7ERRR3EM

LE - BUASEHERSBENEARRHLRS

WaET, Linux NFS B

¢ (Client-Side Striping) F£I#iI3 (Erasure Coding)
XEFERRIN, FITRIERFNAR AT E RS R X,

© 2025 - Hammerspace |
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AIxE S1HIE(E

EEAHIELERSF, BLEBIEERERRESMARNET. FERNEARSHINGTEE B
seEINE], BEREAMBRIERBITIS, HENNEXBEDR. WTNFSTES, XEREFEMRHMMR
EEFIRSMRSEENBEFE (BERSHET/ERSEMN) -

NFSE P in5RSS inae S E

WEIFMR, f/E (Layout) HIHIRE T BEFIHBIEAIERES. B0, HEFIHEKEBEEELY (Lease)
ZIHARY, FTEUERRS SRS AL ERR. hE e RRR P HmELIERS ST B,

BREFImEcHE, ESMRSH[IRM— M HNE—FFiRID. EFFmAREERHERRS,
BIREHEPIRID, MitEiEIRS S ENRS IHIDXEXHIFRE Bl.

NFSIEZ R P IRE T EIEAR S 2800/ EREIVREME . EIFEMEERE (Grace Period) W, AR
SEIERFLEMEIER (G ESITHAXHRNRENAMESREMOVEIRIE) , FHiR[E]
NFS4ERR_GRACEEiIR; BAFHITREIRIE (YIREAD) . IERIRERBEFREREFHREEIIRESE
WE (BRNEBHY) , RYTENISHERPLEREBHNE.

o

Client gets a delegation:

R e R S
{CLAIM_NULL

8 Normal operations
OPEN OPEN_DELEG_WRITE} {fh12} NFS_OK}(OPEN_DELEG_WRITE)

ongoing; the
metadata server
GETFH {NFS_OK, fh12} ¢ granted delegations

Metadata server crashes and reboots:

The metadata server
abruptly crashes

ﬁ

Client’s ongoing stream of writes returns an-error:

S S 7 T S

WRITE {12} {th12} NFS4ERR_GRACE

Client discovers
server crash via this

error code

Client reclaims their OPEN and their delegation:

OPEN

: . 12 NFS_OK (OPEN_DELEG_WRITE B rEclaims” its
OPEN_DELEG_WRITE} iy _OK SORENBELEG WRITE) delegation

Client goes back to writing the delegated file

L - THiEIRSS 88 A5/ 2R EEPREIIE
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PNFS $RIFEFFHHE ABIRE
REMFHEUEMEIBRPEERHFRE. £ pNFSH, BERIHFHRENMEREGNES. A
ERFIHRESRE, SBHDREHAFRHEREENIEN, DIFETIREREUBERAERENFTH
—Ht, X—MEIBFHTIHIERS TN,

N\

Copy new data

METADATA & PARALLEL The write has not been acknowledged to the
CONTROL DATA application, so it doesn’t matter which instance is
PLANE PLANE used to resilver the file m
i O This is the Metadata Storage Storage
T mirrored write Server Server Server
Roll
State Recovery Forward
This write Metadata Server detects that client has
didn’t complete "
crashed/restarted when it re-mounts or the
layout times out without being returned.
Metadata Server will resilver the file 3
Copy prior data
A = = Roll
| Storage Storage Backward
Server Server
Metadata Stora St
Metadata ge orage
Server Server Server

Servers

LE -BEPIHERRENREERE

BREMERIEMNERE, ATFEFIHRESAIERLRERE, NAEFBITEREITANRNHIA. T
HERSHEFTAFHESHENEHHZER, NHBYTHARCNEZ iR R MEE, THiER
SRTBREMEHRE—H, FEBTRFIREGNEN, HERFFHBEHNAT. X—IEZT A
BEHITH “BREER (resilvering) 7 ,

M FHREUENRE, BRNERESR, HXATNEIHEZH, HFERUNREER, NREFHEMK
ThENEHBHEIE, THIERSSEFTEEEASGTHRE NEENEN. X—Rfl (Rigtms, BEF
ImMILURIES R SET) 0T EFR.

METADATA & PARALLEL The write has not been ’m

CONITRO adelie acknowledged to the application yet Metdata

PLANE PLANE
Check erasure Server
codes

m This is the striped
write, including
erasure coding data ("' O) (lll O) (”I O]
7 Duite Retovey % s X
[ If the client lease expires, the
Anvil will examine the erasure

coding in each stripe the client
was writing to, to ensure data l

and parity match. PR netate non-
updated erasure codes
If they don’t match, parity is

(' 1 O) (l 1l OJ (I 1 OJ (l 1 OJ regenerated to match the data
T X X P X

that is present.

Storage Storage Storage
Server Server Server

| Storage Storage Storage Storage

Server Server Server Server (III O) (IH O) (lll O) (||| O]
(v 0] I 2 X T
= Metadata Storage Storage Storage
Metadata *Remember, striping and erasure coding aren’t Server Server Server Server
Servers implemented yet, so this example is hypothetical

LE - ERIRERENFHETIME
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FERBEANIBPEERS[ALELRE, ERHEEERBBEAMMEHTHEN, MNARFHT
R, NREJ|IAKXMK, FFIm=ET LAYOUTERROR (TFiFik) mc#iEiRSS[IREEIR, EKH
wmhE, FREHHRTHRE N

Storage Server 2 has If retry fails, client reports error, Client executes mirrored
failed, client retries requests another layout write based on new layout
METADATA & PARALLEL
CONTROL DATA
PLANE PLANE

C lient Client
This is the
E—

Layout {1,2} LayoutError {2} Layout {1,3}
LayoutGet

120 © 1y O 10O 11 O e O 11 O
o CoE®Co 9 (38 o)
| Storage Storage Storage Storage Storage Storage
Server 1 Server 2 Server 3 Server 1 Server 2 Server 3

Metadata
Servers

LB -RESNBEFERSSHENE P iRRE

pNFS RGIEBLI IR FMEIR S R HEERN M ENHI SHRM, EEER, BE8, FRREEINGRS
BEMMAREGNYIR, BERF—TREGAREEE.

ERFHSBAZHMIIRPIE-—TREIEN. MRZEERSBATH, EREREEHE
P T — P EFERS 288 EITIRE

Client obtains a layout from metadata Client tries to read from first Client retries read using next
server which lists all three mirrors mirror, but Storage Server 1 mirror on the list — read
has failed succeeds
METADATA & PARALLEL
CONTROL DATA
PLANE PLANE
— — ——
[ 1 [ 1 [ 1
Layout {1,2,3} /
m (IIIO)(II|O) (IIIO) (lllo)(lllo)(lllo) (IIIO)(IIIO) (IIIO)
18 A P A A A A A A A
| Storage Storage Storage Storage Storage Storage Storage Storage Storage

Server 1 Server 2 Server 3 Server 1 Server 2 Server 3 Server 1 Server 2 Server 3

Metadata
Servers

LB - SBEIREEEFERSSEEENE A IERE
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DNFSVA. 277 RS IR S

£ pNFS 1, EFIhzEESHFHERSSHTERE, XAESEEEEXMNRE, THiERSESEFME
AR5 s @I IERINIGRIE, FtTiEiRSS 28 REM B SN ABRNEFERS [ D RE, HFEF iR
£ 1/0 BFh SEMERS [ EBEINRE, THIERSSFBLEZAM, B pNFSv.l NIRIBEX S,
KM P in el _EHRFAERRSS 2@ (S R RIS

BN, BEFIRSEERSS 28 ZEINMSEREZRET, MTHiERkSSEES —FMNERZNESIZFE
AR5 28BS, WA ML, 1 pNFSv4.l A, BFRHBEEF KRR IRETHIBIRS 28

pPNFSv4.2 5| N7 #1HY LAYOUTERROR 12fF, {£% F imEmrc#iEiRSS 88 LRk S FMERSSFXE RG]
o LAYOUTERROR BRI REB(NIREFHA LN HEIR—F P inHFEBE TR EIGEEIEIR. THIER
5523 ] iRYE LAYOUTERROR JHERME RIREEITH, Bl TR &SR R/ HRNEEB R
o

X—HHI R EREATFK, BNREFIHEFXEELREIR, KBRS SFMEIRS B ERIERFE
, EAR—ITEMEWNG? ETiiERSFEEMRE P IRRAEINEFEERE (BEMNSME) , WET
AHRAHEERRR, FILAEESHEFEE, HESMFEIRSS SFEISSI A HIHHE,

FFLL, pNFSv4.2 BINB—NEiRE LAYOUTSTATS — LUSEIRIE2ETNAE, LAYOUTSTATS AR
BREEMBNMEEE RRING THIEIRS S, EEUREGXLEHIEHIBILAEE,

£k, LAYOUTSTATS 5 LAYOUTERROR Rt 7 XBRVENEHE, £ pNFSv4.2 TTEIEARSS 28RS E
BESOT EEFH U ILIERE, LERENITERHA NFS hRANh e AL

“That NVMe is wicked fast, bro”

(0) ¢ ¢ S > @
111 0 \)’
- “My path to the disk is down”
( V4 AN
NVMe
NFS y  NFS O s
ST - Client Server

+E - LAYOUTERROR 5 LAYOUTSTATS #&/E
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Hammerspace5pNFS

AXENZITAIRZRE NFS Y, STEMREENBHTNTERA, EBXREAIEILIR=EEER):
“Hammerspace EHHIETARE? 7

7£ pNFSv4.2 Z2¥g7R, Hammerspace IRt EERS SR AERIEG, FHoliEthiRHER 9 &= MER
S, BITTEF MM x86 FRSZ 28 H Lo Hammerspace &M TR, 25IFFA
Anvils (GT##ETI =) #1 DSX (Data Services eXtension, #iERSZTE) T4

£ pNFSv4.2 #1, Anvils %)5}3”:'17_5*5@%5&‘1%%0 DSX T R A SRR EIRIA RN, HEAEEIESR T
%, DSX TR L@ EZRF#EI&E (Y01 HDD 3¢ NVMe [A7E) , EATEMERSSES (8238 pNFSv4.2
%—JLEPEIJT?{.%HERE%) 51T,

Generic pNFSv4.2 Hammerspace pNFSv4.2

Metadata Services Nodes

(HA)

Metadata Protocol
(pPNFSv4.2, FlexFile
Layouts)

Metadata Protocol
m (pPNFSv4.2, FlexFile Layouts)

Metadata ServeN Metadata Server(s)

Control Protocol Control Protocol ;
(Proprietary) e (NFSv3)
/ NFS Client

Storage Access @ NAS Systems Storage Access
Protocol (NFSv3) Protocol (NFSv3)

@ Linux Storage Servers

i

—

NFS Client

Storage Server
Hammerspace DSX
Storage Nodes

Storage Server Options
(Any Combination)

FE - @A pNFSv4.2 vs. HammerspaceSSHHIpNFSv4.2

Anvil ££8¢ ey Lo

Hammerspace RRIFFAETTEIE (B4E pNFS 7o#dRE) HIm— ~—
St Anvil BREBINE, BRI MEAREE Al

Optional "~

A

)ﬁE"];?EjJ IP 5 Anvil %ﬁ]_'f"_l’]\_fﬁo Quorum Server :
B Anvil T S22 EES S 4ITTEIBEURRE, FEidOBkiE e
VSR B R BEIR S

Anvil EBRZ T8 E =1 Anvil T EM—NELEMPERS
28 (quorum server) o T£ Anvil T 2MPELIHRES, PEARS
FBHEIINY “BEN” , DURARERHF K. 2 NMPRRS vy
2RAHNZD Hammerspace EEFHRIHIRS

Metadata

LB - Hammerspace Anvil 5£8¢
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Hammerspace EFpNFStgiE

Hammerspace HEIZEBEA pNFS HeEMNZWEE 1, HARFZIHEER T pNFSv4.2 BIZEM4F
ML, AEEIE:

- i@ pNFSv4.2, NFSv3/v4. SMB. S3 URZAHBFEMAICSI, R (Rikir) SHEEER

- AEE BANERRES—NENSEETHE

- EITRER, FEPE. RRASIEHI. WORM (—RBAZRIEN) REH (BIFREGSAME) LMK
BRI

- ZIFREME. XHEESHREENEREN

- FHRSMEFRNIE—TREUITER, MEXEIB

- EBA B P BTRY LR ERIEERS

- IR FENNRESTEIRETE, B IIERSRESER

- EFB1RE (Objective) TSR, XMBAMUNBIESHL. RiP. PERHEMEER
BES, SHIEREHL

- MERENZNERGRZE, BESMRS5ZTINIR, XHR@% (cloud-bursting) 5
BRERHR

X—FEERINEEE M Hammerspace AT &M WEIIET S, Ut RIFNAIZERETFIRE
HHITXHRSERE, WFE T2 Hammerspace E52EMEES, 1B5BI1E Hammerspace.com LAYF
ABEH.

Example Hammerspace Multi-Site, Multi-Cloud Architecture

e - S T2
— T E
- EE

-a— Automated Non-disruptive Data Orchestration —m

eeeeee

cccccccc

LB - Hammerspacefy Z2#i
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t 5

él:l 19

REZBITEWUAG—EMEREFEMEEZE R EETN—XINFSTHIFEINMNEE . RECEEHHNEAR
FGHIT T TE2MEEIMAR L, NFSVIEBRISER 7ZHARZ,

PNFSV4.2 3§ NFS 2T AT —MHITX MRS, HiteS5T BRERAMERENFEESR HPC XA RS

(REFEFIHN EHENTEENY) ALK, pNFS IRESXLERAFHERNSMERERE (T
HIESHIERESE) , BRTEAEGRIIN Linux R1Th BHIRER P infl RS 28R HEN T SKI.
S ERESTIENSIZFCIFEOH T %8E, FETERRT NFS BLL “MKIEE" ZFRAIERRE,

f7iERRSS28) MO pNFS &85

ERiRGG (UNERFRRNFFUSAURNBKRA) BditEFRAEESHIRGEES, #—TiRA
T R4,

B P in SRR S 2R 2 BINEN R IREIF N RGUENKNERE, TANRERMEHEZER T AE

BE7To

Hammerspace 2T XEATEWE, RIESEHIERS, SEBERSTFRNSIERFSZSDNER

an & =EiEIAE o

i®1d Hammerspace #82& pNFSv4.2, aILIlEAS4EEITE (HPC) 74 eESY B, RNEREE
VRS RS FEENHIEEIEDEE,
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SEZHNEER

T #R NFS iR EA T RER NEFIRE MXOZ N AITRAEX R, XL RFC (IERELE
), AEBMTIREAESSE (ETF) @FERWRIEHITCIZEMLEF, LUITE NFS BIFEE RFC X4
o AR, Hammerspace RESE TInEGIERIE, HBIEXFINEE, FHHD) NFS HEREA. R
TERNAEALR.

BRT S RFC XX#45M, Hammerspace FPABIZ I SR IBLE Linux RiZEIRFE, BOTHRETEN
BEE N FERfE, HZHFINREMEREINAE Linux NFS R iRflIRS 23 CHEH,

Topic RFC Link Date  Notes
NFSv3 Definition RFC1813 6/1995 Co-authored by Brian Pawlowski, now at
Hammerspace

Introduction of Compounds & Delegations,
NFSv4 Definition RFC7530 3/2015 enhanced Locking Co-authored by Tom Haynes,
now at Hammerspace

Update of NFSv4.1, including pNFS (which was

NFSv4.1 Definition RFC8881 8/2020 introduced in the original NFSv4.1 definition,
RFC5661, in 1/2010)

NFSv4.2 Definition RFC7862 11/2016 | Authored by Tom Haynes, now at Hammerspace

Flexible Files Layout RFC8435 8/2018 Co-authored by Tom Haynes, Hammerspace

Definition

Table2 - Key NFS RFCs

BX pNFS WE %8, T]ifial Hammerspace pNFS FiEFiL, HAREES—BHEIEFIA pNFS
Z#%F Al/DL TEALHBBERE .

FEARP. BAER. ERRGIARIEMZIR, 15157 Hammerspace FiFTIE,

ralphie.yu@hammerspace.asia

B4 18810311799

FH - WIERS \3® HAMMERSPACE




