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. M2

IT B 71&9] e oA 7Hel 444 £4]0]
U A Al 7] 2 Blol e Vs, B §
T 7] 5ol FEA AEHAL U o]2fet 585

W e W B FelaE 2 14l 4
g 7]«(HPC: High Performance Computing)
| IS dEd 7leS AR ob, 59| data-
intensivedt AUES Wol Q= it} ofof wef
Lustre, GPFS(General Parallel File System)} 2+
< 3 ol AL 7]l tigt Atse] EEsH
2B Qe Zefu o]l 7s 5 YA A
[E52A, AT 284, A 59 ”Zﬂi O]OH
F23}0] P o] A A7) o] Sret1]

A F7HA| At hd Al 2"l sl Oqiﬂ%o]
AR AMgste 9= T3S NFS(Network File
System)7} -3} 1980d o) stetAzr) ol
= SolA Y] Al 1 J°P7l 8l SunAtef A A
S AARENES 7]8 dAls 94 9t Al 2719
FEFORA] iﬂﬂﬂ Zagt A9 ®e AolA
ARESEAL Q1AL AlE7IA] NFSv3&= QHg A 1 Aju] 2
£ Algsto] gk

T, 2000t Sl A IEYl ARgO|
w2o] S7HE AL ARG HHEE chekaiof ek
NFSE) As 75 ZA7F tirs7] AR o5
s dst7] $Ial NFSv3 7[9he] S2|2Ew vt AfH
=2 Zelsto] thekRt 7 =2o] lglon, st
S/ SoA AR o ThekEA| H]le: AR 2
EA] AAES thofRt AlEE Bkt QI of
23t AE S 428 wAIE 7L Qo &
A0l GFS(Global File System)t} Lustre 5% v}
WA

o]t gxﬂx;% 3 24s17] 9Jto] IETF(Internet

B>

o
%

'l

wa, e :|>

N

Engineering Task Force)2] NFSv4 WGojA] %
S} 2= ZI8Ys @31 Qle}. A, A Al E
7)% 733}, vkl glojole- A St 7-e HPCe}t
ARk ZAof it tjetES AlARE NE 54 Mz
FZQINFSv4.18- 20109 RFC5661 #3 >3E
E)Qlth. NFSv4.19] E4 Zof| A= pNFS(parallel
NFS) 7|2 HlolEE th=o] A% AfHEe] #4F
Aot NS WEE pRslA ehezM 27
Q1 5 WdE 7Fs sl gt 71seleH5],[6],17]
(2" Dt o, 7129 NFS g0 A= S2to]
AE 7t S71a5 T AHE /O B &
ol AZsti ot pNES gef i t=¢] DS(Data
Server)5o] Eolth= SetoldESY] 23S WY
U

l-'J

§= 92
Z A 5 Qe 72E A= ol2% EAIE
s dskactH 1.

PNFSE 2313t NFSv4.1 330 disirl= oF4)
7HA] @0 A7 ol LB, & dofi= EEY
A U8-& SHOER olfres avlfshal 73 d%F
& 27W3IaLA} ek

£ 310 FAk= thaath gk Al T olA= NFSv4.1
o 23 A8 A= 2T AWM=
NFSv4.1 oA AAISS] =8 AP = AL 9L

Clients NFS Server

Storage

(a) Traditional NFS Configuration

Clients pNFS MDS

=R

Storage

. NFS connections

(b) pNFS Configuration
(72 1) NFS2} pNFS©| T H|m
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= pNFSef o8] 473t AV AelAE pNFSY

714 A W3 2 B ol 5-E b A Eke.
2 A VAol pNFSO] 35 whape]] tha) =5t
A} gy,

pNFSE 323t5F NFSv4. 10] tfgt #2354= [ETF
O] NFSv4 9J7) 120l 4] A3 Z=019|[8], - Aol A]
L NFSv4.19] 2%3} 33} 9 52 J8-8 7|1&3811
A} gk

1. IETF NFSv4 $i4a&

199549 RFC1813(NFSv3) #&0] 33 &,
NFSv3= 94 ot A|A-9] 202 A& 2
af @] AREERITE I % IE Ul &) Het 5 o
oFst @] 9Jf 2003 4Yof] RFC3530(NFSv4)
Fo] FIEEUCE NFSvdoll= AltefE| 715 2,
wahs ], A A UBe) 7 HUNIK A9l

Azg) g A BT b B Bl Uit 91
(delegation) 5] E43E0] 71=%icHI], [10],[11

Iy 2ot 2 H3k= RFCH6612 FH
NFSv4. 1o ofsf WA= Ql=d, 1 5 7178 o
NESo| & /OE A ¥slo] d5-& FA71 X
pNESo|tH7].

Al AASE GHEE o] wAof sl st
7] A=Y, 2003 9] Panasas, NetApp, IBM,
EMC, SUN, CITI[12]5 =35t 8 JAIE 71l
pNESe] 38t A 5]9J7} o] fofF{th. 2005W o=
pNES Uj-g-o] NFSv4.1 =gz Eof Z3}E 1,
20080 NFSv4.1 S| EV} 3 Edof 31y
Ak 71 3 ofg] Ho] S Ae Sl 20109 14

2
Al
=i

o o fr &
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s 2| / pNFS HE&ESH & Al S8

o] NFSv4.1& RFC5661%2 S=5FQIcH8][13]
CITIL, EMC, NetApp, Panasas7} Zc}o]dE 9 A
] 3233} 2H9lof] Fofstelar, IBME SeelE &%
=3} Aol rofabgitk. <3 1> pNFS #:&
QIet of23t ke 50| ofH IS AXEEA 504
ZTH13].

NFSv4. 13+ T3t TREL <E 259} 7]
NFSv4.1 EA 9 228 7]43t #3291 RFCH661,
XDR(External Data Representation)-& 7|43+ RFC
5662, &% glojokzof thsf 7]tk RFC5663 2 7Y
A glolokzol sl 71535t RFCo6645 £3sto] &
470z A=) [14], [15],[16],[17].

K

PNES SolA= 2, &5, A& Zgsto] Al

(® 1) pNFS =35} RIaH Zt

Data Activities
RFC publication of NFSv4.0(RFC3530, RFC

2003
3531)

2004 CMU, NetApp and Panasas draft pNFS Pro-
blem and Requirement statements

2005 CITI, EMC, NetApp and Panasas draft pNFS
extensions to NFS

2005 NetApp and Sun Demonstrate pNES at Con—
nectathon

2005  pNFS added to NFSv4.1 draft

Specification baked(26 iterations of NFSv4.1/
pNFS spec)

2008  NFSv.4.1/pNFS reaches IETF Last Call

RFC publication of NFSv.4.1 related docu-
ments(RFC5661-RFC5667)

2006~2008

2010

(# 2) NFSv4.1 2 5&

RFC no Standard Name

RFC  Network File System(NFS) Version 4
5661  Minor Version 1 Protocol

Network Flie System(NFS) Version 4
RFC : .
5662 Mmor.Versmn 1 Exte_rnql Data Repre— -
sentation(XDR) Description
RFC  Parallel NFS(pNFS) Block/Volume Lay-
5663  out

RFC  Object-Based Parallel NFS(pNFS) Ope—
5664  rations

Layout

File

Block

Object

]
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o

7HA ol -38e AR 4= Sl RFC5661-
71 % Y HlolE f9< 7IREeE pNFSE Z3te}
o] NFSv4.1¢] Zg|9193 2 BE o ugo] S0
el 7] staL Qlek

1 9o, A% gRARS: <JaA] B(InfiniBand) Aol
4] RDMA(Remote Data Memory Access)E A
She ol<s9} peishe] REC5666, RFC5667 H20)|
NFSv4.13} 314 2010 o] 2= AcHS

2. NFSv4,12| E4

NESv3o| A& Seto|AET} AHo] &3}0] A
HIAE 17] QJ3Al= mountdE 59

2 =S ARE-sto] portmappero]] H<

3o NFS HHH IZE WTE 7}4-& 3 nfsdof F
&= Y] S A
28U NFSv4. 1ol A= o]gfdt e EFEo| 1t

% nfsd sht2 S3E Ik E3F NFSvA.18 LAN
E= AEU AollM = FAsHe S AU A

(H# 3) NFSv32t NFSv4. 12| £4 Hlu

NESv3 NFSv4.1

* Security: * Security: Kerberos v, SPKM,
AUTH_SYS LIPKEY

* Additional protocol: * NO additional protocol: integrated
NLM, NSM into nfsd. Only rpc.nfsd & idmapd

* Portmapper: » Fixed port: 2049(firewall friendly)
allocating anew ¢ Pseudo file system & Virtual root
port to nfsd for directorly(fsid): providing a unique

client’s connection  access to exported data
« UDP » TCP(reliability supporting)
« UID/GUID with named string types
* Crash recovery
« Stateful(concept of sessions)
* Non-UNIX supporting: UNIX,
Windows

* pNFC: Parallel access to FS

* Easy to administer: replication,
migration, referral

* Stateless
» UNIX supporting

* Delegation: file delegation(Read,
Write), directory delegation(read)

(&
Ule Hebo] Qb al 2|n

ng, ol EAAES Hs| 9lst EAE]
7F=]o] NFSv3e]| v]al 24l ZAarai5ar LAN Aol A]
& NFSy3xth & Z=2ksie 10].
NFSv4.10] 7|2 7] NFSv3e] H]af oj@ c}
o

At < 3> B9 1T 4= 9k

oP7IF HIEHZ &l

=
[111,[12].
NFSvA. oA ARk 78 S45S (19 2%

2tk 7SS VAT Ay AFES 20rhE of

= 2141,

7}, Session
AT AJAEOA 91 A, Seto|EL A
9] Aroff H- 5ol th-3-517] 91l NFSv4. 104 3=
7Hel =93t 54dofrh. NFSv4.1oj|4 9] wjgjo]4
= Wex B9 AlQfstile 2R Al 7

rE
m
FE

Lt pNFS

PNFS 5242 WE A
AJ57] 943l NFSv4.lof 7 }Q 7o)t} ko),
= A7 S oy e X

Ct. Attribute Extension

NFSvA.1 £ AHgte] o] ufet oo =Se
nho ) 37K 4 QIS ele Tk

= A5
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2t. Multi-Server Namespace

NESv4. 104 ot A|A]10] He)E 9l mi-
& AlERt
st

o
+

gration, replication, referral®] W#HU&S
cH18]. o] E4L Exga Aulo] Hae v
L whel5o] AL 2 Hele] ot e
CHE AW RlobrhA] 5k Sl ohd 4

= A¢s)7] Slat 22 Al

92 oﬁr

1

Ot Delegation

A3t YA(delegation)2 AHMDS: MetaData
Server)ojlx} o]Foj&o} li= SJAF A7 Setoldd
EoA dshe MIAUSS Angtt). 9192 S
o|AE WA 715 AlTFo2H STO|UES} A
] Ato9] TloJe] FAlEE Eolal A Hokst
Al o2 A5 AfAof & o]50] Hrk NFSv4.1

oA =kl At $JY(file delegation)y} T Eg]
dst 9)e(directory delegation)g A|&sl=d), 2}

9] 7-ofli= Read/Write =0 thallA] $19] 7]

2 ]JS 1, I;]H]EE] _4 739-of&= Read H=o] tf
L_ =T ME]‘

HE, Locking

nfsd A iEOﬂ &5t Xﬂ
S byte-range lock,

S} 1ock1ng 7]

share reservation, file
delegation, directory delegation, layout2 %35}
o] 53&79] lock-& A3ttt o byte-range lock-&
HE=0] LOCK 2ugo]Hof ofsf Y= A =1 9]

o] Y= 7S of= OPEN 2ugjo] o] 23]
AAE 4= Slch
At. Security

NFSv4. 12 S Al 3517 98l RPCSEC-

GSS(Generic Securlty Semce) TgeaE &

© 2011 S=EFXISLATH

HIEss 2| / pNFS &3} 8 St S8

I3}k, Kerberos vb, SPKM(Simple Public-key

lll. pNFS

pNFSL= NFSv4. 10| Z3E|o] Q)= aiA] _::xgg
2A, dloJe] VOE WHIROE2H 458
7] S1t Ze| A R 752 Aottt & Aol
REC56619] 7|45 pNFS W8-S A7i3la} skt
[14].

1. pNFS 2=

PNFS= (28 3)3} 2o, 7|24 05 9| o
eldlolE AH(MDS), T 719 thIEi A1‘:'1@8)
o 7 o] S| AESR FAETH 13

AA| tﬂ(ﬂﬂh DSEo #AF stm 0]501] o
gt wEtEo] APt et olE =
TR o] AlA| 11%49} TS ARE 7HA L Qi &
Zto]AET} dlofE ]l Hslr] fleli= MDS25
Bl ¥ Fojohg dojelof itk FEfo|dEE
MDSEHFE] dof2 gojope] AR5 7|5k & DS
o} 21 FAlste] Hlofg| VOE $asl=t], DSe}<]
A HEE 43 oY WA O % data path®t
2 He)3ho 24 pNFSE BAal u}el A]

control patl

Client apps

pNFES client

Layout
driver

1. NFSv4.1(files)
2. OSD(objects)
3. SBC(blocks)

Layout metadata
grant & revoke

(32! 3) pNFS 7|2 =
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< 9J3 pNFS =2
E30| Ayt ot STo|AES} DS SAlS
Flstile dlolEl F3ol Ye ZREEE AT
=l o5 AsiA Hlolorxllayout) ZHdo] Al
Ak gojob2 dlofe F3of wet g old = Sl
o, A53t iet o] #EolA= w5, 2A
Al 55 A8kt 3k

RFC5661 9 4+= 17112] MDSE 1L
th9] MDS2 Pt 22 583] dusta
A QeHS . ERE MDSeFDS Afolo] Z2EES
A 5Ee A 5 Qs 0] 2
ot

PNFS ZEo|lEo|A o] ZRES A8 2=
(23 et ZrH19]. THoA %} o] FeoldE
ez A7 #ojobg B A UStL, AH7} 4]
k= dlole] fell w0 glolorg AM-E 5

sk
User Applications
NFSv4.1 NFSv4.1 protocol
.~ ONF Generic layout
A Generic pNFS layout Handling/caching
File osD Block Layout-specific
layout layout layout drivers
Sun RPC - SCSI
iSCSI
ROMA | TCPAP FCP
(32! 4) pNFS S2/0|IE T2ES AEY
2. gojolR

Bolob2dlayoune 7 o] Holelr} thsol
2gEAo] ol WAOR RIS Rojstn
ol 1z A| 5 A, MDS7} Belatc 14]. Zatolole
7} klel] VOZ 3} 42 Aol A MDSe 7]
olob-g agslok Bk, ufehy dojobse] 722
APAIE) oo pNFSO] 544 47| olhet 4

oo

Ik 2 Aol 54 olofso EHoH A,

pNFSA2] dlolobs-o] e (13 5)e] Lhek
U ol 3 Aol AR 2 wg unitolet
S, Sl o) o] ofH 402 A2 A
QU7 A5He 2 patterno|e} Fie. (19 5)9) el
77} unito.2 4 sfcte] shelo] 370} AR
o ‘C—A-B—AEo 2 wjzE AL Yeldic) o]

S ARE FEgonA shie ae Lyshe
dloleiSo] ofe] 2melxlo] of| el #4k A4

Ejo] Q=AE & 4= A ek

RFC5661-2 ot #Hd glofofo] AlF 25
Argstar qlet. gF wtdofl TAH Flojok-E nfsvd_
file_layout4d®} nfsv4_1_file_layout_ds_addrz 3
ek (19 6)2 7+ gloJope] ARAQl 2
£ VERdicH 14].

nfsv4_file_layoutd-& o] AEz}o|HE DSE

<File: [ 0 [1 ]2 6

+ Unit: ¢ A3 AAER= @9(bytes)

* Pattern: C = A =B —A

* Stripe: 31+] pattern ¢toll Y= unitE2) g
)& EE

* Stripe count: 4
* Stripe width: stripe count* unit size

(33 5) o lojotx JHE

(a) nfsv4 file_layoutd

Struct nfsv4_1_file_layoutd { cooeccco

deviceid4 nfl de\nceld
nfl_util4 nfl_util; 0o
uint32_t nfl_first_stripe_index; :
offsetd nfl_pattern_offset;

nfs_fh4 nfl_fh_list<>;

t;
(b) nfsv4_1_file_layout_ds_addr l}::::::::::—

{2,0,1,0}

B, C 2E&g]9|
HZ] ZE(P, port)

Struct nfsv4_1_file_layout_ds_addr4 {
uint32_t nflda_stripe_indices<>;
multipath_list4  nflda_multipath,ds,_list<>; &~ 5

b

(32 6) o 2{0[0FR MiF 7=
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O] AE, v S YLE SO RS UEe, 2
gho]HEoA= LAYOUTGETS &3f MDSZ 5
doj2th o] wj DSEY| JHe #ojokxe] =7]7t
U AR A BE2 devicelDel= AE 7] 2] o
glA AR 2uk FFo] Eol,

FA|Ael DS ARE2 nfsv4_1_file_ layout_ds_
addr #o]okzo] olsf EHo| E=d, [P F4et =
E W3R A= DSEY 93] FH 9 AEz o]
9 gjgl AR E xslsl GETDEVICEINFOE &3
S| EZFMDS 2 E of 2o,

2}e] #loJor-&- (17 5)2] efof] sl HH, A%
8-S 133R= nflda_stripe_indiceso= (2,0,1,0)
olgk= wj¥l o] %1, nflda_stripe_indices 2]
A WA @45 Ueh= nfl_first_stripe_indexof =
0] 7l=Hc}. TuolAg FAsR= DSSe BES
el E multipath_ds_listofl= {A2] F4, Bo] F

Z, CoJ 217} AP,

DS el A=l ot & st AEE == 9
L ule JEo fAEE ;qxp 1= nfl_fh_listo]+= o]
dolokol 4 A5k Hlolel 37 WAl(sparse
T EX dense 2E)of whe} AAE 4= 9l wk 3

So) 75 W gro] Pk

o] 2o|% nfsv4_1_file layouthint4dgh= L&A
8 HAHOR A8 4 ), FefoldErt
olohs-g A Agekn A& A%o] OPENoltt
SETATTRE E3| Ahg-slc}

3. pNFSQ| St X

RFC5661 0] o)1, pNFSe} it 2w
ol F 9N A3l ek 11 5, SOl UET}
dlojoRE 7 AL FlojoRE HElo|Eshe L.
glol e <3 4>} At 14]. WHA] 47§ back-

© 2011 S=ETRISAIATH

s 2| / pNFS HE&ESH & Al S8

(H 4) pNFS 20|85

Operation Role

Zeto|AET} utelo] Ak AA| glo]

B AHE i3t HRE dojors 2
GETDEVICEINFO ##o]4. Seto]dEx o] HHE o]

4319] 3y DSEO AH A31 o)

oJE] 10 AL S,

Seo|dErE B4 utd AlAgl] 9l
GETDEVICELIST =EE deviceE ¢7] 8l MDSell 23
sk Qo]

ZetolAET} mtdn} et HloJoky-
< MDSERE @oje7] $jgt ow|
o4, o] AzkE AA DSEof digt
HHE= ookl = device DE
o] g3l|A] MDSol|A] gt ¥t 2%3jiA]

oA (e}
04__,_01_«

WRITE =3 A H7AE g} 9] et
LAYOUTCOMMIT ©Jel& Z&lo|AEZ} MDSe|| d&=
Qugo] 49,

LAYOUTRETURN 2joIRIE7} w1o] dolofs-£ yialek

LAYOUTGET

OPEN

Reply OPEN }Step 1
LAYOUTGET
Reply LAYOUTGET } Step 2
GETDEVICEINFO |
PNES Reply GETDEVICEINFO }Step 3
Client PNES
MDS
LAYOUTCOMMIT .
. Reply LAYOUTCOMMIT } Step 5
Step 4 CLOSE R
Reply CLOSE } Step 6
Parallel
DS1/0
P (state synchronization)
pNES DS

(32 7) pNFSC] S}

channels} #AE A o2 MDS7} Sto|2lEo]A|
91913t Flojoke-o|Lt lock Pt 58 845}7] 3]
ARGt

pNFS 2 #{#|o]A55 AMEEH pNFS 52 25
olsfs7] 2faf, wtd % A2g3tol WRITEoH: 73,%;
olgsto] dgshd (7l )z Zet1],[14]. (2
Toxt= Al 65!_13 S Y& ks } u}.

* Step 1: OPEN & Reply

=
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o

Yok HeEee] Ystt Te Py, 2
2o AEZE MDSe} whdat peds webd|o]e
A= g = ot byte-range locks A 2=
LA lock o] ARg- ofFHIe o] ThAof|A A7
A olr;].

Step 2: LAYOUTGET & Reply

SEOIAETF MDSoA Hohe uplat et
dlojoRze A7) St 2ol ZF 3‘5}% o

Aoltk. EefolAETL Holokx: §3, /0 =&

o= A7gsto] MDSE Hiffd, MDS°ﬂ A= de-

vice ID&} 5+ @& B|AE 5 DS ¢#] A K-

St AENA Szt

Step 3: GETDEVICEINFO & Reply

Step 204 DS2] AH+=1D Hof glonz =

gl EE o] GAE FallA DSofl thgt IP

2 EE WS 5 A RS ol 4 gk

glojolzo DSE| R AHE YA =W HlolH

7F Ui 282, 0]e} Zho] FajE eujgojde

2 QS Alg3ich

Step 4: Parallel DS I/O

ia}OM E7}DSo| 45k READ/WRITE &
o Hole] V02 44 st

Step 5: LAYOUTCOMMIT & Reply

kef step 4014 WRITE ejeo]ds a3}

Qickel, MDSE 71 shels} petsl 4k vjet)

ofe] HHE 7HA|aL QA otk ofF A fol= =

gfo]AE7} DS9}] I/07} ¢hm sl & LAYOUT-

COMMIT 2 ugo]Hde o]&3iA UHolE &

A< gk

Step 6: CLOSE & Reply

atedof izt VO7} B, stateid o]

E, locking 34| 5 i ohdat A Al

St} o] $of] LAYOUTRETURN S ARE-5}

o2 g

mlm

o] #lolofg-2 MDSe| 8t e 4= 9lck

V. S0 =i

NFSv4.17} RECE Z350| w2} JA50] A%
ZfkEEat ofy gl OSSO A= NFSv4.1 22835
sl o] Bis) o Rojx|1 gir. ofx] A4
A= ol A|qk, NFS4v4.19] 712 7] 4 pNES
7]E =z /\]sl-aL 2 o1EE A 5;57]. %'_7H
Hoi Atk & Aol pNFSel st A7 &
2oll thish OS A @t AAE e dFe= o
o] bt

1o

1. OS X[ sig

0

pNEFS7} At = 7] ar AH]2E7] 914 OS
o A2] z¢do] uf$- Fa35}c) OS] pNFSE ;Las}
= ﬂ%}% A el 0SeF £efe| 2o 4[20]

EE, 2 FES EFS}] NS} B E%
A\ pnfs.com Afo|EA oIk 4= 9T} 2

Sk 7fe o]gret B A= linux-nfs 9] wiki /\}o] E
ofl A 81k 4= gl 22].

© Linux OS

2]EA OSof|A+= Panasas, NetApp, CITI 0]
F50| o] 2 sl gt A 4DAR U
oAl ZiErsf U7kl =t dAl= A @A #lolof
204 BAT BAEL AT TEE 05 )
713 QIcH22]. <3 5>& pNES 7g Z=7) WA
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Date Kernel Changes

RPC sessions, NFSv4.1 server,
2009. 7.26 2.6.30 0SDV2 rev5, EXOFS

2009.10.14 2.6.31 NFSv4.1 client without pNFS

2010, 2. 1 2.6.32 130 server-side patches add
back-channel

2010. 6. 1 2.6.33 43 pNFS patches
2010. 7. 1 2.6.34 21 NFSv4.1 patches
2010. 9.14 2.6.35 1 clientand 1 server patch

2010. 11. 13 2.6.36 16 patches accepted into the merge

Includes first chunk of pNES
beyond generic 4.1 infrastructure

- 250 patches of remaining pNFS
divided into 4 waves
2.6. XX - Remaining file-based pNFS
or 3X patches
- object—based pNFS
- Block-based pNFS

2011. 1. 6 2.6.37

(& 6) pNFS AATC A

Branch Description
Nifs41 Session and other ono—pnfs NFSv4.1 code
pnfsd nfs41, pnfsd, pnfsd—exofs, pnfsd-lexp, pnfs,

pnfs—obj, pnfs—block, spnfs %5 3EF,

EXOFSE 98t Objec-based pNFS server
extension

pNFS Local Export of any local file system

pnfsd-exofs

pnfsd-lexp

pnfs—obj  Object—based layout driver

pnfs—block  Block-based layout driver

Simple pNFS server. NetAppollA] 7l &
=, @= A . pnfsdell 25

spnfs

Fedora RPM B1%& Al5ak Afo|E = Ich23].
dos SE RS M) W] B linux-
nfs AJO|EE 2k1dt 4= 9JcH22]. ESE pNES A
S linux-nfs git Z|TAE] E2jof A= o] 9l
|, 1 342 < 6>3 2 13],[22]

pNFSE x&ksto] NFSv4.l & a3t Tsh
olfrE wiki Ao oA 2Helet 4= 3l=d, cluster
coherent NFS o] & 19} 7243} locking ©]47,
NFS Ay 2 Z}o]dE Bl migration, delega—
tion, SPKM3 5 Kol 38 ARIEo0] 2 o|#fE
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DS Data Server

FedFS Federated File System

GFS Global File System

GPFS General Parallel File System

GSS Generic Security Service

HPC High Performance Computing

IB InfiniBand

IETF Internet Engineering Task Force

MDS MetaData Server

NAS Network Attached Storage

NES Network File System

OSD Object Storage Device

pNFS parallel NFS

RDMA Remote Data Memory Access

SPKM Simple Public-key GSS-API Mechanism

spNFS simple pNFS

XDR External Data Representation
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