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from any m&dgnedio aiod lesahrus&u& 85des2 M6 2B ABSHom 4yGiBlidih BGodsiehi Hanhd? V&IdIey of

t hese objwrehdie BabhalGwpiERItemiaRingy keepi ng one set of master systemfiles
whi ch each wiie tofegoi aidr i objdcts) GERBts LR advRlitagas S0t itheNigvention Cihi@ is Sdefilad fin thes at
t he r enptattached elaimsDaiinbe bedtet imelorstact feam thy fillewing’ delatial dwidriptidn ot the tprdferbd ledBadi-
copyi ng trwnt ofetst isventioy svtie eiefantects therstompanyiay dawings mathickyst em fi |l es, 10
unmoynt i ng Figne Iniasthiock dipgrem shawirigestypient] didbubadi datp provessing isistdn Inewhich divdsubject
meunt i ng t lipveriigrsis dpsigngd tooneretpil es over the | ocal systemfiles. The | ocal

copi es2of thgurefdg 2 Blpckdiagrapyiusirating;a fypieal glansiglone-precresoLsyslem: t hat t he node

cont ai ni ng FAgH® %étﬂéﬂ"’hl‘gﬁp@ﬁﬂ the Isﬁgs |P°§'°'m?€' b&?‘&?ﬂ"%‘l‘@l’s@'ﬁ W&EI’U? fepystem caif Fe
tree for e By an apalication rupni n a ned ach user

access the e’t"f' ' '" "°' §ﬁ'8f
R ol At nj,} ar;“;'g AT ggﬁﬁg Sar ;ﬁ oo %E? !
obj ect & a%si%é’i il Hor' b e'*i jex’ ?1
attached c saf 3. et ai I

descri pti 0r|‘=|99 ﬁa@ﬁwg eetF95 os%rﬁ:'m o ars @ollb&i&?@ftdl &“12'“ 5nta slnpl e%gnce
to the accEBRAME sHevsd itted Whoselimmuliitd db rﬁbrﬁélirgal imple fled?! OCK di'agram show ng
a (ypi gal  Hghlo'd iDblbIBG dildlam of OGBS StrdBire T HhePdRbiltoliib SybtehihowiRIFRGRH 1B;1vent i on
i s desi gned:lgh@s PR IR bn?eﬂduagrarﬁé & \¢bifipoferit Parfd oPihe Mta Stuaiile3Rdwnlin Eigdré &t I Ng a
typi cal st b 90)Q1 BROREHS Pbck WagilaME bf the @il RudurbSillddtriting We Rednkrios o winidant filee

st eps per f @péradn Biyd feNowing @rpathite g file \abd B8l WiErémote hedddn 3 iskiRmedCsybtbm as pdilatiedby
an appl i catbythe operatingsgpteds a processor; Figure 4 is a bl ock diagram of the
dat a s#r uctFigue 13 Isus tbloek idiagramh eimilar 6o Fiigu® 1,0showing lacdistibyted defat trocessing dystbre
oper ati on atcopdiigdetb inmentien. as per f ornmed by the operating system which
supports t hihes foligwingt disclppere tdegsyibesoiutions i qrmblems vhigh cre eprountasech whend¢reriingifs  of
t he dat a distioyted %)’siell"l 'US&hlchtfh%BQ't’ et menages a Jpaghieg's flps isqatared ite Alewolfles: it
scenari o Bhyg§ically iegige sPY?%“'S?!E‘F&PF’UWS&'{aPﬂW che par gtiibe losal mackingrs filasypiom: The

oper at #h m&g@? nigtipn ﬂﬂslg'!PP is78N exiRRsing °5th? filp Systqmuof thaIX aper %YF‘&’L"eR%?,'IS ghonis
are all di% gﬂT"ﬁ' Eg"ﬁ Referppgefor, nara infprpay |°I‘?11’E'3 Bt Beséf%‘ﬂ‘aent s
are a COl I?g Orl lles or I:?Z n includi chnq-ePtF é% ass F c@ﬁg

Ly e ot ln:@% ssp b mh%t il‘l.eénm ch e 2o oL R
bl ock agr ggc |e é’aaﬁ nqggl b§, tgthgg e syst em shown
in Figure dlr ﬁgéaﬁsfll nﬁ‘ﬂwg di?Jcﬁ aF?G u@l {dehtfie Rffdbr. Parts of the
data struct Ur s P ¥end SonfoktS Wis nébess iy 48! Bﬁtﬁl bewee@'ﬂd; WHicR&8 dh&ﬂﬁigs gigaigsams

of the dat gnhih bidmbidiestories ketgstf.re%h.ags.m c&wmma%aiaosr oS ¥ypdk isbigdorted by
operation amk deabaiebpagiting shsiéns dubh & spbcidbfilgd orpipbg)Cal and renote node in a
di strikut ed Sihi€ Misdibsule the OBE Ssirple tilde i© Rsdato| ifdicatsy Sck @ nod%lirectory-iilgL URlest3 1 S
a bl ock di agesse imiicated i térd "FieDmEymadan ethe \u dirgetay dib ot & isiplodith, el 6f cpiires; @S| Ng
syst em ac c aerali "digpctory” iviaansiardirendry fie. The fol | ow ng di scl osure descri bes
sol uti ons tcpa direclotyenmtainsanciTayaet @ntdescad tha fallovdny folmen creating a distributed
file system immghinotle sumbed ogi ¢ t hat nanages a nachine's files is altered to
al | ow 4 | egvhem dhe inadg aireher Ingy hedhat gia simple e e that ofAnethas disgefonrachi nes t o appear
to be part ofNaigict fireiery May panifir ather directasioss which. irjim, 20y GoRtain et plisaciogdss or
descri bed i*E"P%ileSxt ensi on of the file system of the Al X operating system
Ref erence shoul d be nade to the above-referenced Technical Reference for
nore information on this operating system Specific knowl edge of the
following Al X file system concepts is &ssuned: tree structured file
systens; directories; and file system organi zation, including inodes. The
essential aspects of a file systemthat are relevant to this discussion are
| i sted bel ow. 45 a) each file on an individual file systemis -uniquely
identified by its inode nunber b) directories are files, and thus a



whi ch are not directories (e.g., files which sinply contain ordinary data,
or other files types supported by Ut#&2resiamti ve operati ng systens such as
special files or pipes). 50 Inthis disclosure the term "sinple
file" is used to indicate such a non-directory file. Unless otherw se

i ndi cated the {TBYSn# 'dreqiasy mey\penianqd & tthe fook ofid iSietree wich imay inglude r@ﬂnwﬂnvels of
file, and, ofesﬁ‘?ﬂﬂ?’%é"ec?'f?é ‘t"@r"?ﬂ '33(!{?%%8\9(5‘??/"9"?983'%'95"9& rectory file. 2)
directory contl %“%s &ea'ﬂsr?é'qB‘P K ’Eﬁtl‘ﬁthﬁﬁ?rﬁee PR

nber 55 %r?é"f” "'E i A ly ygh qther rigs dfe of
ggot ﬁ(rar %Il re 'dagsz Jgﬂ‘g‘f"ﬁ/ Ry yégﬁ?i}zﬁﬁg’fﬁrﬁes 'rd&‘fl%'?ségr’osevﬂ‘ﬂ“(?ﬁo
'TR turn, g%r%%oggcﬁ Loa8 bl %F&r %ﬁ& m's '?5’0278314 B1
us a di reC uédidn'¥e! 9& dURY of Bitelfi$
rrany | evel Systims46 o6 ﬁ &Jiﬂs Mmgj1 e tree being

'sinple il esFoIIolerﬁ th e i z%u kwthih & Bovices fllb s s&i;ée ABives thdlowing dleps: Of the

files which ?ﬁe&&thbﬂleidaﬁiméd lLﬁanBﬂﬁ‘mﬁb?b%&wBé‘ékbt%} ry)di rectory even those
Whl ch can bea rsaash sl difsdlody 1an SRty Vath hih@ B Gdir1.0t her di rectorl es. The 5

i medi at e de:SRsad @RS iderfifiedobydihb @dEE himbar Bssbuitied Wilh Qe (this li the (18itt WRéctory inl S
or directorigay. whose nanes appear in the directory. d) by convention, the
| node number 4.oartihihe tirdcorySyrsh etitryswith @arhe @idirect ory 1 s i node nunber 2. The
fol | owi ng di $Resd itrerfiledidentifiedoimysthé inadd nubiet assorddied il Xdird (tthis & the gers \diréosmss inutbe
mounts of enedthe file systens to create file trees, and how pat hs are
foll owed i n 8fieprchthe firestoryrferean entry with nampFifisni ng the path "/dirl/dir2/file"
Wihi n a devi-d&e ode numbernassosiated withsfile inhis Jiwstony [igthg igpdesuinbry otthegiwple ﬁ'e 'qﬁl@}éﬂd
the fil ei dehy e paly"dg/direflele nunber 2 the device's root directory
Search the dl?‘@d'!eoﬁ' W@Phé?f'd@ rl 'W“P'h“‘hé‘f?@"‘s R thp buitdingrhlocks f’% "‘Ih!" @ dode'

y g re ?S IhO(Ijgﬁ
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i§631bh &l da¥ice by allowmg;

:—.E.—n.
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i S encount elealy, sepasatertyirdnin hosenepetatiaha twhicks teall @it canstiuotingsine: usingibe whrletsraggregatecile | s
next in théegatnade'siitualdidsyéton alpwg iacpetsgp batiniocrh andrempierfiles. at i node 2 (the root
i ode) in the Thewmanzgempniot lacab files ig atsimplenpigblem dhap management phyemety files. Fauthig reason,

st ruct ursés ther disoyssiontaf |the victyab Jilesgyalom ge braken intpobo I3rtgj 1R firstpart |dpsgribagonjyelesat o
nount s musPPIIoNs Thig gRrbprovides |3 lapefom which,ig dispyss rqmet fiqagt The ftruglires he
Initial Pr GE# pfrations gre ‘F?‘L r bofhyam m ?ﬁ&fh optiang. 1he disersyngqa gcploperhligns describes

t r adi t i onalfOBNFoRESHY, and, peqog Rlevantfp siandajo P%“fefalt'%nssw sipp, on

create file



t r‘ees and how paths are followed in such a file tree. Such an
inplementation is restricted to ngppi27es1a@e 45 entire file system which
resi des on a device. The virtual ffle system concept described herein and
in the reference material allows (1) nmounting a portion of the file system
whi ch r estetiels operatignsjedgs driorgtion ippriiagihig reate prstaiiensIvithat, howevess rejieratingothel wass or
si npl e fidizeyssed iy thedenal eperationd segtignowi ng mount i ng of devices, and (2) nounting
ei t her renmf@ug? shewssihe tﬁ'ai"@'t?'ﬂ'E)F’Pb@“W“%IFhPé’élaéFi“@Eesv%ﬂ@W"ﬁ?'é“%ﬁyftE’ﬂtﬁ)’e art
of the 5f [ gg"‘f P%?éafw"rﬁ'@%%éé}?%"%;ﬁ o i sH“‘i‘%‘e ﬂrr'?e é’ﬁ??aﬁ'?& @1?5‘ frﬂ‘qt:he
virtual® f t npl e
files (reflff "F 9% S», d Gkl mlg Kk e oty e 'sp‘ﬁ'f“{a'g%ef SVERD
e treet . .?"a sl bl it esétn%fﬁ ﬁ%..e fssramde i Ll B o BElhOK BE
oper at j,pns b&fler rM&ﬁﬁnﬁﬂé‘fﬁ& (b6 eraqtnara owlﬁanoaoék 6% 29, aggr egate file
tree. An a poiiter tB% iS Hhaunfldo iﬂ@y‘ﬁxoé’&ﬁﬁs ﬁ'uetaﬂovp% bl &“fé’i'to BBk 255 BIAL ©
files. Th e ridRR W3 Bt néifall WiRAAEd ard thb Furkt Poift 16 I TttuBfleyéin,8.8) & RdlipoifRPRAGIGARNT

of renote fyhd fifs-vndeidlis dobh Mol psiN, 55 the discussion of the virtual file
system i s dpkplimer tb Bither 4 Rodamdinole orld¥eal frioieS(e.gl) Bk laGhErEdHt BIELR 26 R Idck BE)Canl

oper at k0 NS.d) 4 poifter1618 hodatamis iy (tis iba aen-ull ory whenaike flledis d reditbTie).r enot e

oper at i ons. TAhAX:poreting aysens tin capinithasth athelr DI ropdrating Systan, kedpla eimorp eésitent
renot e aniblé ebiell capfains énfarroatien abbltesadh hadestBat dxnbelng usaictyyl theogyetemt Fop instasheswehen lae s

t hosg asplileissoperfedt itscinatiatie reath tiorp theciisl and 8 suiispicdi thie iscdedifermation, togsthet witttsdmene
opepat i onwlditiqrakintimatons isistoreddmthg inode @9 NG Sssantisfjelaments otardnesie dablegantty ardde) a

i nfor mea i Reintgsda the haed wof 3 e pespasistucirclishand dh dnfaringtian fiom they dﬁbmede, the detalle ohwiiighg
what was ¥p3dipleyarhera t he Iocagt%geratlons secti on. gure 4 shows the

rel ationshi hﬁl Hatac@ﬁ 8lugtu ratianaabeyty which odes haye {ha dile, enep, aad aP?‘!t 3‘9
system E¥ g@ﬁ’%ﬁ"f clhase, ppags. Th é %F?PP@’&If"ef ;ﬁﬁ fs g at a
struct ur e‘”h' sé'éesfg‘ﬁf’ oy Thig mmmftﬁ" fpgetes dne %efvf"uf(‘,’t'ﬂ?"é ?ﬂ gacp gjont; ! d‘ﬁ'i" e to
(e o o %)v' (ol d%zt o9f o o e b Stegﬂg&%qsg ol O
nmount ed ovefr Rviae o 6 5o &dmbisrs 9 the arrow
from bl ock 22 mgeyﬂt.o@%mep gy‘aﬁgﬁ .nft.fmaﬁ'ieursﬁfaro%eﬂnk%ann the
file systen iy ﬁé)éfé&drﬁ mg.cnaarhg el dorS tuiring|s8mé RRIERMeBA. D

vnode. "The efi 8fbritighs RRIGHTBAN Bo péHoinibdSonSh Fl4CiyMbR a4 Poldride té%l-dea&auow or Q)
a poi Nt er nh 0opsh STHAR 47d) severalt vavi_oBs, biahe/ 8RS Ahitte ard impokthfe tithis Ui¥cdssionTarddestlived2 t 0
bl ock 21)peidy) a pointer to the vfs which is nounted over this vnode (e.g.,

the arrow from bl ock 24 to bl ock 25); but note however that not all vnodes .
are thes mavuintograiPnt for a virtual file system i.e.; a null pointer
indicates that this vnode is not a nount point; c) a pointer to either a
sur bg at e i iotle vmyrlookup epefation, the @sseptiapjiterativehgorin fiakawitg 2 path Inccile SBtemds il losate
32); and thgname ofp pathisermpenent in axdiractery ged ysa lecaseonipted inpderumberdo lecaimthe next file n| y
when t he e phaini Thepspusppede fritheen__logkya opgration prog aeal figisdigted kalgw: i n common with
other ®NI X operating systens, keeps a nenory resident table which contains
i nformati on about each inode that is being used by the system For

i nstance, when a file is opened, its inode is read fromthe disk and a
subset of this inode information, together with sone additional

i nfor ion, is stored in the inode table. The essential elenents of an

i node table entry are (a) a 20 pointer to the head of a file access
structure list and (b) information fromthe disk inode, the details of
which are not relevant here. The file access structure records information
about whi ch nodes have the file open, and about the nodes (read only or
read-wgs te) of these opens. There is a separate file access structure for
each node which has the file open. This state information enables the
server to know how each client is using the 25 server file. The file system
supports a set of operations which my be perfornmed on it. A process
interacts with a file systemby perfornming a file system operation as
follows8 1. The user calls one of the operations providing (perhaps) sone

i nput paraneters. 2. The file systemlogic perforns the operation, which
may alter the internal data state of the file system so 3. The file
systemlogic returns to the calling user, perhaps returning some return
paraneters. The operations which can be perfornmed on a file systemare
referred to as "vn operations” or "vn @ps". There are several vnops, but
the ones which are inportant to this discussion are described bel ow 35
VNLOOKUP I n the vnl ookup operation, the essential iterative step in
following a path in a file systemis to |locate the nanme of a path conponent
-|n a dlrectory and ‘use the a5500|ated |node nunber to Iocate the next flle

I r .



48 50 35 8 EP0278314 Bl function | ookup input: directory vnode pointer,

5 name tgp §o78 9@ up in directory output:
vnode pointer to naned file/dir. convert directory vnode pointer to an
i node pointer; 10 use pointer in vnode |ock

directory's inode; %j % we dfn‘# have search perm ssion in 15
directory ) unlock ol i 3&?8r3°9 e; return error; 20

search directory foinpate; difrecftouwyd vhodeepiodnfterg handl e for nane; -- use
inode found in directory e ; waoget i_nt . f file handle; 30
unl ock dfrectory inode; re h#ﬁ 5§iﬁ e}o?%e@hg e?%eﬁg%%gFégﬁ found 35

unl ock directory i neasputet vngder peinteookorramed IfddREN .The | ookuppn

operation is the funckbageri @ rbeltbeys vidhhs polinte’PUt is a path (e.g.,
“/dirl/dir2/file"), and its retyrn_is a ,pointér to the vnode which

represents the file. Look&BpARcaPPeeyROAGSRES to read one 45 directory,
then it checks to see if the-vngge peinteedihy vrhadeookup has been nounted
over. |If the vnode islnok ﬁountgd over ¢ tgeq | ookuppn calls vn__ | ookup in
the same file system ~PF t HAETREREYnEs 1BRER nount ed over, then T ookuppn
foll ows the pointer fibf waedaonliht bdveveearchdpefaigsian dok 24 in Figure
4) to the vfs of the nnunteddgkggt3¥ﬁt?n1(e.g., bl ock 25 in Figure 4). From
the vfs, it follows the pointer to e root vnode (e.g., block 26 in Figure
4) and, if the vnode is avBilpekt@diyegseryodngdeisnple file, issues a new vn
| ookyp 50 giving as inputrgbfrif 8rgok9ot vnode and the name which
cQngtitutes the next elenegt in the 9ath. The pseudo code for the | ookuppn
functioris |isted bePBRFCBsAdrectepyafOFgNaTLIB1 f unction | ookuppn i nput :
pat hname out put: poi ni{ foumdode for named file if( first character of
path is '/' ) current vno rch_i ser's root directory vnode; 10
el se current vnode for segggéeés%gggrngnéégrgﬁf BRm ¢tory vnode;

-- use inode found in directory entry;

25

get pointer to vnode for file handle:
N\ 30 unlock directoryvy inode;
return pointer to vnode:;
else -- not found
unlock directory inode;
, return error;
S LOOKUPPN

35

LOOKUPPN

The lookuppn operation is the function which follows paths. its input is a path (e.g., "/diri/dir2file"), and

its retum is a pointer to the vnode which represents the file. Lookuppn calls vn__lookup to read one

45 directory, then it checks to see if the vnode returned by vn__lookup has been mounted over. If the vnode is

not mounted over, then lookuppn calls vn__lookup in the same file system. If the vnode has been mounted

over, then lookuppn follows the pointer from the mounted over vnode (e.g., block 24 in Figure 4) to the vfs

of the mounted file system (e.g., block 25 in Figure 4). From the vis, it follows the pointer to the root vnode

(e.g., block 26 in Figure 4} and, if the vnode is a directory and not a simple file, issues a new vn__lookup

60 giving as input the vis's root vnode and the name which constitutes the next eloment in the path. The
pseudo code for the lookuppn function is listed below: .



15 L repeat if( next conponent of pathis ".." ) 20

while( current vnode is root of spoptsgiaBile system) current vnode
becones the vnode that the virtual® filé systemis nounted 25 over; if(
there is not nounted over vnode ) return( error ); - ".. past root of file
system use vn | ookfmn¢bidonokookupmhh conponent in current vnode; 35

if( vn | ookup foun o] .~gurrent vnode becones the vnode returned
by vn | ookup; mhilg?ﬁgggrgﬁg?E%%ﬁg is nounted over ). 4Q _foll ow current
vnode' s poi nter tooWEBuLt rpeinter: kat vregecfor: 8amed &ddSted virtual file

systenf 45 if( fepsteshayhederbggopathr @gt 'ynoge of the nounted
vfs; else -- vn |l ookup couldn't file congonenh 30 . return( error
): -- search failed unFBRFFeRheVROSLERE SBAFENOAS Y58Fh ScEfF8nents )

return( current vnode );dbbedberppenalieen will be illustrated by descri bing

t he sc%narios of follfmﬁng a path to a file and nmounting a directory.

First, in follow ng 8'R%th to a file, suppose an application process issues

a systemcall (e.g., openyent vnoge foz7searghBisf yser;'|se

"/ul dept 54/ status”. Thi scpeguRet giseatseyPihdled by the operating systemin

the foll ow ng manner mjtﬁ reference to Figure 4 (opera- tions which are

basi cajgl y unchanged ¥®#Bffthe UNI X operating system are not expl ai ned here

in any detail). The follow ng assunptions are made: First, the vfs

represented by block 21 is the root virtual file system Second, the file

“/u":is represented v ang i e :h) ack 3L 5 Third, a

* pLeyl ous mount opera?‘%féng%gatgz %&%t é% t %&vipcr%gq‘s l% | e 'syi’t emonto the

directary "/u". This ntvbiledr cargenthengde rigpmestnt®d ®y bl ock 25. Fourth,

all of the directories arqrfthlaqs finOlsyadeni § on the same device. Fifth,

the followng directory entries exist in the indicated directories:

DI RECTORY 10 | NODE NUVBERUrrent vnode beggges the vngdgyhakiper 2

"u" 15 45 the virtual fideptsyEtem is mounted 71 15

71 % "status” oo, 12 The code which inplenents the

systemcall calls | ookuppnto follow the path. Lookuppn starts at the root

vnode (block 23) of the Addt themeudis midte mppntad @rexcivnage ahd cal | s

vnl ookup to ook up the nafaeysn 2@rrdt e i mectorgadt | fodepresented by

this vpode. Vnlookup finds in the directory that the nane "u" is associated

with inode 15 in block 31. VRfAS RYSte™turn a pointer to a vnode

associ ated Wi th i nod@skd vnl Qodkuphitd ilodk il garth@ompurteEntl5 into the

inode table. Then it checkS to see if.there is already a vnode in the

parent vfs (the input Mo&é‘r(‘lﬁnicly%e'has a pointer to the parent vfs) for

this vegode. In this dfde vinhdiookup feningblagmpdnent ilnds t he vnode (bl ock 24)

in the root vfs (bl00k¢%¥%3%&9v?%d&“§éé%ﬂ¥§’Eﬁg Jrfbddie vnode. 25 Lookuppn
vhode 1S

di scqvers that the returne nount ed over In the parent vfs. It
fol Ows the "nounted overetydingde Py VAinkdrkUhode (bl ock 24) to the mounted

vis (bl ock 25). Lookupmhifll@l( @irrdit 'visde \itpd®unted over )
@ follow current vnode's pointer to vfs
structure that represents the
mounted virtual file system;
i current vnode becomes root vnode of
the mounted vfs;
else ~-- vn_lookup couldn't file component
50 return( error ); -- search failed
until( there are no additional path
components );
return( current vnode );

The operation will be illustrated by describing the scenarios of following a path to a file and mounting a
directory. First, in following a path to a file, suppose an application process issues a system call (e.g., open)

10



pointer to the root vnode (bl ock 26) of the new vfs (bl ock 25). Lookuppn
now cal l s vnl ookup again, this tingpiggrgtsiamg a pointer to the root vnode
(block 26) and nane "dept54". As Beforé, vnlookup reads the directory,
finds the inode associated with the name, finds or creates a vnode for this
i node in teefipdidentsaistains3 This (rerduest is @sqmpiwmd b tther aperating systern dy the dollevingsmamerde .
Lookuppn cuwith referendedo kigwe d faperanione whietyaie basigelly unehanged frem the UNDHeperating syptem 4t

di rectory eah@xmidined herain anydgtel)sThe fefigwing arsugionscase) mader, Eirstheads: rgprosented Ry blogky, o

i node asso®l iathedoahyiftyp! f"ﬁéysf?a\*rﬁe’gﬂﬂ Befile Ay is '?H“??G@e"(ﬂy vepde blog 24,2 Hb" b'? 35c

28) for & hilirdj §prgvious fopm OPgratiop figs Rypuate B 9 svsia ‘1"§h ﬁ ‘F
thi s vnodeSreaiagethe yig o °'E§ Ialn SW"}S%"PF SFenQé" hE™
%a A ?snat an appl i cati on

request ed %@?ﬂfﬁhotﬁeﬁ ‘"f"ﬁé""?cf 'yee"tr?%exm '"
- process issues a "mount" systemcall to rmunt the file "/u/gorp" over the
di rect or, "/ ul foo". TheDIBECBORYg scenari o explains how this request is
acconpl i'Shed by the mbggl REm8ERt eM (a0RAME opergkagstth are basically
unchanged fromthe U operating systemare not explained in any detail).
This scenario refers to Figlre 5, which reBresents initPal conditions, and
Figure 6, which representsagshe 40 finaltgepadiatri ons, w tzh the fol | owi ng
assunpti;pns: First, the vfilrepresent eg }Qé bl gck 41 I s,t,he root virtual
file system Second, all the directof85%8nd fil es P‘ﬁvol ved are on the
sane device. Third, the following directory entries exist in the indicated
di rectories: Tbb BideThiRY irhptistiintsNhd\&Eam call calls lookuppn to follopAtiEpath. Lookuppn stapifOgyithe
NQV[WER 2  root vnode (block 23) of the rodt yittual file system (block 21) and calisym?2 lookup to look up the name "u”

" in the directory file rg®@esemled by this vnode. Vn__lookup finds in thp directory that the name "u” is

"gorp" associated with inode 15 ig plogg31. Vn__lookup must return a pomter vnode associated with inode 15.
75 To do this it first"byipgsdpode 15 into the inode table Thengitychgeks e df [ﬁe y a vnode in
g case there

| t tfeweremjﬁﬁﬁheg ‘@ﬂ#ec(alp?k 'Pﬁser tof jodhe
oo, £ i Wﬁéu . mW “aﬁ"f 2?*?3 ,;; it T

over --'% etKRD Bd's"%(P’st“PFét f"ﬁ) {(Fg fo tf

(bl ock 41) °¥?6n'?°éﬂt%§'°§ t'\‘)i'n" % bk:f{ k A@% 2§| flw fookhs ;&Bélﬁ‘t?ﬁé
to the roof U’ O %%\i'. b Pﬁ T Qocklib feBditRe
tabl e ent %&B;\’yo sﬁmo ngﬂg cl’erﬁteé:é1 AoB&ltol fhis nQJH-g AVthePpakit fis t O
the filey ( I 25)%m§ f H{%P f?: s vnodé %tﬁi(nd}ﬁ&ﬂls vn_Aboklip6hck RISR|ifputtifg th@¥nobidtop

operati on, t Gst fodfY di ry(apé 06 harfld YstnRR VAT Tbkup r¥dad 88 dfrévtory, fikdsGreCindd asdobibiod k
49) which th@ nkYRé 34)Qind\& cfeaiab a Viicde (Bidcio 28y fot ks inddd irbthe) parétit efs (Hiadk 25) and

i node tabl Qou@Rd & YoiktdH 16 @His ¥hdde. fTRS cotd Ghhick Anpldiamts titibesyster rebll hovgpetioros diget requesthd
new Vi rt ualopdratbRostis tiem by first 5 creating a new vfs (bl ock 46) and then
creati ngsa r oSupposs aclkethbican application proceshisaok a Amguntlisysteracalide mount thh file R/uigorpl pver
parent vf s tighdireebry 2)ooariThe dolipwing) sa@nario @xpidins howdlis requrstis (arcemaishepby 1he geating)
of ¢he vfs.systent (wpam bpaiationsowtiich i basieally inshangert feom the]UNIX opatting sxsiermcae 1ot eplained
(bl 6Tk 44) in ayubtei)r oot vfs (bl ock 41), and a pointer to_the vnode upon
which it is rihisracendriq toferscir Figup 5 th'rfswraﬁemecwt?ﬁwﬂ#@"%éw fgue sﬂ'i‘é’h %v
i |1 ustraednal h@!‘dt!msaw'ﬁ‘tth%i‘?ﬂw apgymplions; izl B Y BB & Plopk, F ‘;—ﬁ;

nmade to Fi guytem 1%pcondaallpf i %‘Tﬂég&s and files; ipyolyad @ ¥\, éﬁ‘r‘% ?ﬁ'ﬁe hitd,, the {Qowing
shown in Fidgeresy antres exifindfe indieateq ditpcldies 5 syst em whi ch supports the present

i nvention has been inplenented. In the follow ng description, the term
"server'?l S used to i NDIRECEORYe node where a file is permanently stored,
and the Term"client mean anyg er no | cesses
accessing the file. II?IbI%S Wunder stooﬁ%omve%c{%tmﬁ??erm "server”
does not mean a dedicated 2erver as that t&'mis used in me | ocal area
network systens. The distrigbuted is serwegs systemin v8gch the invention
is inplegented is a truly distributed system,supporti ng &, %II de variety of
applications running at di*ff erent nodes i9P e system whitTh may access
files | ocated anywhere instshe system The'fitm"a structure 79r the

di stributed system shown ijp Figure 13 |s.. Ii#trated in Fggure 8, and the
conponent parts of that d tta structure are own in Figures 9Ato 9F. Wth
referenc# to Figure 8, a client 20 node may have access to fil es whi ch
reside in a r@motode swbich dmplawssts. thesmennt sysiam &l P°§9.'T'ﬁ§h°a@ﬂ‘?¥'§‘9 ‘tpsfa %’é‘ pengis
files by nunalediteigliawibe path torke flaswhjchris to bpimopnied quer 7 Eﬂa ri" \%
struct ures tordbr gt B blpck Athspranf NI 06 rafe1o8n PG 'c'i.’ as; 3,BANer 4 e o
mounting a local entity in the follow ng ways: Just as in the |ocal case, a
renote nount creates a vfs in the clienttinode (e.g., block 54). Just as in
the |l ocal case, use of a file in a virtual file system which contains
renote files creates a vnode structure in the client node 25 (e.g., block
57). Just as in the local case, the vnode structure has a pointer to a
|node t abl e entry (e g., bI ock 63) The |node tabl e entry, however, does

T ] o o, . r "




| fst ead, the inode table entry contains a surrogate inode. This surrogate

I node stands for, or represents, Eb@s/8m4g1 node. In the server node, sone
data structures are constructed to*allow the server to record state

i nformati on 30 about how renpte nodes are using its files. Mire

speci f i callgk 41pandipointer Ipan iriodestable vntwyrivigek wb)sitr ifade @5. Lodkppolis Gallgd to dolipy apatile a
vfs to hothelfilpiwhish isoloda mwyntedt md'fets/gotpl".eM tthe, completion (o thjs appratidngthe exot ¥s fhinck 4bf

t he ser vegoniging g vpode fOédetc’MP (blaek1%} which hap p ppintprato ghe eaet 1y (bieck thyendea peintpe to anher e
i s a vnododedabip entry (tlock 4@4'? inggle (9B Nowcthe, mpunt logig mfew's nevExjrtul fils ystaghbycFrsti s
open by aC9alngR @Wn‘%l@m% )Qﬁ”ﬁ‘eﬁ "lgéd ‘3" ’“1' (RleckAZ} withra nointer, Bagk toritgp| e

. t blo ) edegypg
g:causebg‘%ég é"°§ygqé§? d’éﬂ‘g °°t %‘(‘ghgﬁ ﬁéﬁ%’f‘eré‘k '

bl OCk 84 s?ra S.Tl ]lgln ratl Oe gB n elhﬁgw;gn (-] %I
struct y ; %smb g »r?s. .r;r Iohﬁaftr%%z '°"° % Rﬁhe m%aa;e? 955 oy m‘.’#& the
Server ? IOﬁ $y|sneed
a way to jd @Qatlh btd tE

g e

vﬁrere |§|s'p% gﬂ \élaﬁ , dhd tﬂJ "Qs u arf bry€ Nt
request Cank? Astelh é&&o‘é&&s SRedsRE Y fild! f i8 1b ééréi&%tﬂo%\:ep aBthdRin FeNbrdbiods | €
(€.9.. a fobWohfaldosilatl doREIURShat terinN€ ubdd! il sbrite I06HF Biek TnbtRsHk Rystéins! I eed.stﬁmﬁde-
Wien as! doiths SR ML Wiich! the @Senior'Hd imBIEHanEIAAE iaQtFulyOdistibuiea st Isaportind & wide- J.
a renot e vapay of plicatidhg runiifyeat biffbrentinSdes GHEd bylstomavhizyl may bédess fil3 Muthied ankWeerd inl €
handl e comnd systesr. t he fol |l owi ng fields: device nunber, inode nunber, and
i node gener 3ibd data stcioe for b elishibaell Systomashbivi & Figunel Wi umstrdtéwmtﬂlgnteeai ahy tiehe
f GLIL OW Ngeoswemalr fads ofShed dals etratund dre sownitkEiguras 9Acio 9B Withobforaneede Figure 8nalcligatt s a
fil e handiode imay rheysl gecesFhie file$ which resitie ines rameth sapver ndsler Such faccliérit Igeins aatesdo aSore
activity sivershilessey meyntingaenseot theirervei's @es; iy the clisnl rode dherdate strvstuiep Greeted by
reused f oemalngope opgratiop commiee i@ togmgreaiagiby motinting g dpsal tenidy At foljopiag waysi/ st agsi ng
t he st or & tejlecal malf%mter'n@m&@?%ra VF%& 819\9&“ 'qué (el*q -Ib@c'héﬂ%d#‘g aawepleﬁ ?ﬂsﬁs
t he oper afsp Bﬁa B'ﬁ '“t ah‘é’“ﬁbfﬂ? f‘ﬁsﬁe@ ‘”

This f !?ee"F"héf
ge.anr at ?\cl)ﬁ a tem? b§e é}@ H°"6ﬁ"§'k "ﬁt? % i eh gfi f’°"\iie"f

nam a sury mod ] ate nod r or represen he
server de FB et ?node e |on hunber . ‘H

request ar r bn"tﬁése?xie Hoin rdata Eﬂ&uiek Jaﬁjf&ﬂété’a b %u%ﬁé?eﬂ/ PB%B s¥ &ﬁéﬁoﬁe
nuaber ;Angokiod %o Qbs &5 rvb ile
handl e i ”ﬂ o SISVHR P é%ol?:‘#ﬁj&%r dﬁyﬁéﬁ:ﬂi&%ﬁéﬁ hfé&u y'visO ﬁot% daHQ:P'&’ne dlel ON
nunber. |gee! FR¥achlifd vhich |se<§p8615y a R nblil@th&%%@ﬁfodé (% ol, Blo8CH4F [ -the WaRBr'stdufmimye Nt
wants to WeEackild whih M6t by & FenfbiSnoad has dnSiRddb QabfeCdntf In, thé berkéPS odd BB WY K
t r anspor t pigeR BHATHISIAdde AabRSniPisitiie same GO MMEich @xists\bdchusb A GocaPFI¢ess at thel Bswe heant
t r ansaey i DiMe opeA gD ekarPlel block 88, whith ($in the, tabllectibBause\bfi o rémote byian,) hab the\saraé stitubiue
connect i og3.blodkasd) whickdie inctbetable hecadse phahdmpbrativh @t thé\sendtle uses entries in its

t abl e Wben § eliegt andIsbrear lconiDimidate abeut @rsekver riifethesaaed B wal BLitentify ithst filea ghis is
connect i odewe with a dlethansilen Wiiersa cliphtgequesticauses thé sartee t rapiyrivitiy a defsignglion efta particularhat
one node filn(eighe ametadeokupcraavesth dheciile isddentified by aditechandie. Whep @roliend reqhiest cayienal f .
These eppedea'gma@wsofa@rr@ﬂ@dm fisi(e@f aapmaote gee feaestiolie filndscdentiiod by filashandlp. Thadlener
node, t hehaf‘?i? F%‘W"ﬁ doliewing %s"e&%’!}’l'“beﬁ“?‘?t"“m??‘ié“? %Pe%e!‘?' n ﬁ%ﬂ?" sends a
nmessa Ig'\aaqm |§;|Hus ed by tgjo erng 8°°BT rqqge

e e i t n I e

sques Edseévgfdf@%eae'@é@ ”%Eg %f? ;F e“%“ <
rel Vi e r arﬁ? Tl s r@"ﬁs %ﬁlﬁ ;
par amet er S %HPHFRP. Ef% £§c %iﬁ&ﬁ rétfa uan% ﬁﬁei §deageﬁ élfl? drftlef E'sﬁaHdO”
bet ueen t .emgaﬁ.elﬁ’ by b creﬂ\g ol bt dnbi- oK RirSB:
and the dfgqgest esaa'iﬁsbﬁéiutﬁ&'fulg\ﬁﬁr{dletu Srol?@n éﬁ@ri ddviky Rinthat arfdlfddd tnbirAisbr Qﬂa a
r endt eqd i dsBd keSlodkte 8 lirkoBdYSand Fioh . fnahénaﬁar{odkgéd%&hod RURIBEISTs BoMpLAdY to RY inédd@W N
whet her tlh&defgbﬁe%tl&ﬁmﬁﬁe@ﬁﬂl@ﬁﬁr@duﬁ&ﬂnﬂ then'tRBGRstaY refeé6ctl . Second, since the
file resi deshem azliént R@ALE t16pbR,a filé) ¥hith kedides/ 6 @ Merhdip k&vae it ases annem;eletrahe;mds
t he corr em@hatinmig esthislisto cdndectidnewith ditbcseivini. Sibséynbrd sraristntiorsirbgardindldtiischild e@t, rdadl, t he
file had Joiemeica fiow omthisfcohnegtiot.Eactomee adnitaing awodd bl A/mdh esn eptdesf in itsnede tablee
r et ur nspaegrbiber79) twachbd irticamatioh elenut existingroowndctiopatd renfete iodesk woul d have been
conpl et e. 1Therel Brieradiimiteth gurnkerl of apiatatidns [that one note infthe petwarl eanreguestianothigr node to
oper at i onparieruensits bahelf. ribeRgeaperatiang gre| oglieg dfy_j gpe. Whett 2pade gnalesy 4 auast pleanother
cor r espontdpghe feligwingraperatipns ogaye Fird: e reapestingniode sends a shpstage yhigh specifigsavhiche d
to construct the return paraneters for the dfs_op. Fourth, the requesting
node receives the dfsop reply fromtheiserver node and uses the dfsop
return paranmeters to construct the return paraneters to the original vn
operation request. 15 The operation will be illustrated by descri bing
t he scenarios of nounting a renote file over a local file and following a
-path to a file. In the first scenario, suppose that an application process



directories: 25 Server Node DI RECTORY | NOCDE NUMBER

NAVE | NODE NUI\/BER 2 ,EP 0278 314 B1 "y 15 30 15
"gor p" 92 92 "file2" 67 Cient
Node 35 DI RECTORY | NODE NUVMBER NANME

| NODE NUNVBHEIR_@peration is being requested "apd carries the parameters appropriate;dp that request. Next, the

83 receiving node recéiyeg 8§16 request and performs thprspeifiad ereration, Fnglly. thwp%‘flﬂgﬁpge $ends

nount syst emessagd whichseriesmroply PF’@JP?‘WRPF@" forthe dfst pperaion. o \which is to be
mount ed over There fs-2 glpgecrgrelation betwesn toa 51 ops BA ¢ 's?”r‘?f' é"'"(‘l ér'°3f" e t° 'i ‘@;tff"
vis (bl ockamsithe 'éfontpauﬂﬁéafa 'Waéeff'or"‘*“"f’gt% fqﬂ op. g%ﬂ ‘° ' ' s{
il

poi nter t o'%%éerf‘%(ﬁs“‘i? "210: t° ond

(bl ock 61) Sy ?fﬂ?d s' . fﬁd e ol o
node, a df a%ée&; % I%:b eeﬁ%tM’ﬁJd 919 taléﬂ% §pe complete.

pat h"/ u/ QphiGi fsq&cellfw&ert.ttﬁ
df s %t '“’ ‘it%d.ﬁ o i /ns : rﬁfrgﬁé&apm e e e
the fi | e ourth k r&%&ng nddle rbd3ResCRETE Cbp Pty Komith Server

| ookup ope the s/ ﬁtufrp‘BEraMét&s (18! &hdrudtLihe CrORlina bddsmetery/ N i binal
"/ ul gorp" | s,e efOl NTer to the root vfs and pointer to an inode table
So

ent ry fop ino atior] Wl b3 AluStRied Yy déschbing e stendrios Brhduaiingi aveinbte file vodte Igcdicile ce
0, inode 933d fofowir@nspatiifta Me.flh kim ficarscinericl euppbdactha iah epplicatiorypmesss inThelieatarodee r
returns t hissuesial "Motidmsybiemicall b iv@unt @ 3bryerinadetstfile Wiigorp” wwan the lacelglianttile Hetcffophh dhe
rel eases t ioflowiost@nain chxplaiascieow is rredubst is aévemplishednThis eeoptriparefersiie Figuiec!Oh whieh e

i Uhe r eplrepresents the initlalsconditions, rapd teeBiguren it whish freprasents e fiagh epndlitipny with Ha dellewing

t 0 Creatze tbremplions:The vis sprebentad by plociebh ia thefrent vigyal file gysteny of fesonyens ily Kppand ail”
(bl ock 54) thes@rver dirbgtorigp ans flesdnvphurst are iR samrdeyies. She fpllowing peires exishin i inglicgted
poi nt er badkectaes:t s parent vfs (block 54) and a pointer to the root inode
of the vfs (block 62). SI nce the root inode of this vfs is a renote file,
the inode pointed to fig Pﬁagt vnode is a surrogate inode. This
surrogat® i node cont ai ns the I'e handl e returned by the server in response
to the client's df snrounDIREGTORY. 13 EP 0 278 314 Bl c¢) Install a
“nounted over"” point erNoDE ReMBERer ed VNe®E bl ockNODE INUMBER r oot vfs
(block 51). d) Install in tt}e new vfs (bl qck, 54) a poi ;rtsf:r to the vnode
upop whigh it is nounted (bl®ock 53). Suppoé’e now t hat er executing the
renot e nount described abou® (nount ser\'groxpd/ gorp over92r:l ient /etc/foo) a
cI I ent process issues a syghem cal | to..%g_q_r «w on the fd

"/etc/fool/file2". The bl ock nunbers in e foll ow ng scenarlo refer to
Figure 11, whi ch repr e€dident Modeal conditions, and Figure 12, which
represengss t he system sialpecalgryr t he open operation. First, the code which
I npl ements the system_call calls | ookuppn foll Lookuppn
sta{;}gs at the root vndd® (EoIN(SJ&?E'?Z) of t ot v%ﬁ%b#ﬁ%%ystem(bl ock
51) "and cal I's vnl ookup to | @k up the nafeta in the dXectory file
represented by this vnode. nI ookup finds.d dy he di rect7%“y that the nane
"u" is a®soci ated vmth |no 15. Vnl ookup constructs a 10 vnode and i node

in the root virtual fil stemfor nod nd rettf tg%lﬁg ,cﬁ,sto
ter to thife cppR¥aich img loy

i R gg% e e

gﬂ( S|n gfl ﬁt ?mo

i ndi cat ed rf' (%(eé ot Rod8Ss@e | Ab re‘ﬁﬁés}n

i node 75% n.?ﬂ% th J" Bath @ the Jbﬁct(t@' BaCrkiountbY. Bpon
vnode (bl OC Elth Friod® ¢dils Ioaﬂjpyrnto ISP IRY Path BLthY MG wiichi®iobeer
to this Vn 00 }dBFBnA tn%%&ttﬂaﬁnmﬁt Idoklfp OPEYENIR, thes seREEioBIsOMBREk 1) Eontalhb a
“mount ed OV\ﬁ-F;de fQP‘/ F‘J whidh RdsQbinteA 1ol BbtSvistdd BbiMero Brilihodeltapikenppior inbde2. The
fol I ows fheg, 6 irforrRétion ra.qmme (deVicé 0\6noaead) to/doRstiubtl acinknabeld forthel filb Glulgons

its root v nﬂﬂ%edo&l Bt thisGild KaRdIS MQke PoPIP Eethd B OMbunb Aehuesf antl Ifen veleasasathe friodiecand
system LoGks#ePRndlR WheCElibnt SocéRésOhe flp haralle ih ihe repdycto tid dfsremount tefidsteid)potidme the
pat h gi vi ngopéfations agéssaryao (redtarhe new rtual filecdystaid asfolbwshe nane "file2". The
directory to apéresteanewnes (hloeksb4les in a renote node and is i dent i fied by the
file haned e i) Greetd airept viiode fo¥ thisrvs (blogkSEeithe roltstieack 19)its prrer s (b"\?hls bointor
i ssues a df sltotieugst Modetof thevés (Blegk\A2)- SiRpg the ragbinesie of e"fsu'?%fe L{ qntgde
handl e whi ch t tiemtriefratwnogeis acguiragate doge. Jng suriegais, npde comfing ‘E"z ﬂRH'P "‘ by Jep
| ooked up. \Wsemertimespopse e the clisnts fpsmPOWP ookup, it uses the file handl e
to identify the directory to be read and i ssues a vnl ookup to search for
the nane "file2" in this directory. Vnlotkup reads the directory and

di scovers that the inode nunber associated with the nane "file2" is 67.



VA__ | odkup constructs a vnode and inode in the dumy virtual file system
for inode 67 and returns to 25 | ogpyosg s34 nter to this vnode. Dfslookup
uses the information in data structures’returned by vn_ | ookup to construct
a file handle for the file identified by inode 67. It returns this file
handl e t o tdnistell 2 Bmauntedhevet tpointerip lthe coveredivaod f{lddck SB)impthe giMsblockil el eases

t he vnode ahihstelhindhe.new nisitieck S#)iacnainter t thenpetle updrl whidk itismounted (blagk 6gat e | node
(bl ock 63) &prpose powt thal aftes exacifing the reraotd mpnt deSicrthed above [recant seryert/igorp ovst clishtece
of the paflfoo) aslianhppcepeisties 3 sysiem eall te operats ongthe) filp rifetsfioofilg2t: e blegkmumbers ite
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A T ploye the
file ovel "EIF‘:%P%B@“‘E'P ‘;f;ﬁ QF i %ﬁ# ?Idb em',il
pr eserVI ﬁ ¢ or s ﬁtgm fo SHll $S P (X F
é %avallgbe € assocl ate east one portlon of
?’%%?"5 R
r % ever loé:a'l Sodath s s@éﬁgfllégswoud be allovfgﬁ%ﬂtﬁ tl’IeQémJl'&ﬁim bfthe MRS TEN ¥ile
appl | cat ?8,5 @ﬁfac m cation of the at |least one file, contents of
t he nmoun at st |Ie by using the path nane. 2. A nethod for

accessi Ngyafnd €note file from a local node in a data processing system
havingsa hierarchical file system the nethod conprising the steps of: 50
nmount i ngqt e qisBiidedatd prEcebsing! $yeteldl Hadingds GRMAEAICH PileSeysibm mha idata proeessihg systaie
ove’?a | ocadomprising: at a | ocal node while preserving the contents of the

| ocdl file ang idabune g inctheiméraghical Pasystemane to be associated with at | east
one portion o didelrytilechiming bt leaal onb inhresdintecdescendaatiite fCeichdhadyrectiyy filgris a parent
appl i et i orfilenawar e of the location of the renote file, the renote file at
the | ocal nodeednsfayghntiag, Fathé date protessitgRysibmthe & leagimnaile aver pamecPt ihe abipast ned
in clai m 2 dnainrheskatecdsagendant filewhilacresendpg e ceispiiofite atieast egdpredialy despaydant

| ocal fil e fisefhereby pavaing ianrgtht prener ta ket assacialed vl @t leasi onp peripn ¢f; the hierpehial flle-p
278 314 B1 sste aét hod as clained in claim3 wherein the c |fn ;
conpri“6es: nolAYSAY apreesinge e 'i'qa'é’"d'(}@‘fare °f§19d?fa'f°|"l° the 85'5%7?% gaﬁgon Oht%ent s
of the rerm‘P%"‘P‘f"FeSaf'Basf?f@f'f"d’(?é'F'"ﬂhFBa 8 unnounting the renpte file. 5 5.
A distri ted %,g%g%ggw " Wé%ﬁ?femm JBJ'"Q& 4165 YR rddh Gpod o

and a pI onmuni c e dat a

fge
proceSS| ng Ay ra{ Pétokd Ybaéth Lsmfeae bar ed
s ,;“%‘f% e T
ﬁ th | Y, I ni
i nf or mat i Onw%ceeﬁ,s i anagp‘;fll%ﬁe'iﬁa'be Q%Qtﬁ:aﬁ%s@?thé)ferﬂoﬁ%@ Indirdthits o Bf 1REDS:
node through a path to the local file.

55
3. A method as claimed in claim 2 further comprising the step of copying the remote file to the local file

before mounting the remots file over the local file.
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méans for mounting, in at |east one |ocal node, one of the at |lea
shared file residing at at |east OIEP 0278816 Blode of the, pum “‘Miimmﬁ‘c‘m
over a nanmed file in the named dir'ectory at the |ocal nod

mai ntai ning at |east one unique local file at the |ocal node the means for
mount i ng c&ush mefhotisss claimed inplain 3 wherein thg copying SeBEamAERE: with at | east one
portion of the Mpufingthejepgte filojover askbfil®iy neans for using, from any one of
the at |east on€oryipghe coppisst the remofedie nh'ﬂlf’cf'ﬁ'leoﬂﬁh t he nanmed directory and
the naned file P’B“%@t’,’%g‘?’?’??ée Munted at | east one file; and neans for using

f f od
n;ﬁtrandagfr Cem.? cﬁo ls'f[ng ?%aé%%a gcr:x‘ O neon Ifﬁ)n;‘%:flu in ae ﬁlbra%héa? Q'B f él&%‘ﬁf'oft *(;6?%
l ut e?’%ﬁt rforet'ﬁé: By {I'lg Blurafity of

node. 20 6.
each of a pl |str| a proceSS|ng system

(o]
conprisipg: ap 5@4 He){mﬂtfxe ﬁ&’aﬂllg rF§s|d‘|dg iff he GANEPEIRERY, &hﬁﬁlﬁ%ﬁ\%ﬁi\aﬁﬁd fosusdlby ahe
data processijgg oﬁ,gsfgcgrﬁbd@g“ Bt ,tygnﬁ,dgy‘. the systemfiles being a master set
of system fil esmeshsRorthéd ﬁn%;)’m Qf 1okt Bhe Bédl REdeObried the €l Iehdt lofs sHal file rpdidiigadt iat v
of users; andedt bdel rBméts nstRToR s tpiukdiityCor h6dRS o @aaERHIe MIthe @dned direcony ataisecibcabf
the users, thRdéWhikOHaiRamRY dt fafi@nd tiyus loes Jile@f the Ivaal Rbda| e mgana fdr imoantiod causing
default sile 4 pettnafe YRl R8dciada Wit aneastadpaionaf b bisrakchitay fil@systeger s; creati ng
a set of stub fime&s fatustgCkonobnyt éne qb therahlidastyone flocalowdas; a fitstipath tgpugh tha Jemed
set of syst endibitbrg andithé tanteld dilesedccess thetmduntpd dtdeastiope tiei@apd e a pat h from each
of -t he nodes t ometrs forasing fromaty ofe of yhot aieastione local nedes sy seeqnd HpHh dhravap deramethe
tQ Pe associ adiectorvitct decess the@bleast enganigep localjig efithgriocgknoie file syst em copyl ng
t he mast2r set of systemfiles into systemfiles of the IuraIJt

=

unmount i ng 8 hi methed of crealing gx singles BysfoMmy magesfor d@qhetfspr @tpl htv j e%
nounting the ‘i'iﬁ%t{"@ﬁ dététp“’S?ss' ﬁs@ﬁ‘\ @T“P’ésg'g ?"a' %"S ics O
plural i ?y of e dale progesgin 3yst » at least o | nla%;eﬁe%?rezyste flles
user accor di ng“'?'ﬁ’ Lﬂ"'?cmf"f”"f f1’°§é°r5rn u rs héPby giving e rﬂs user
a respecti ve o :'}.'}Z Z?m. °ﬁ’b§ i glpi‘\f'a?i{y?% sofshe i ndi vi dual
vi ew bei ng i dentm:§l Aol nt ta processing
system 7. A me r%% néle@'l s&il lssttdaeﬁ.b FIBETRY credle WpakiRon® 62 Bf 86
40 US jJads F &t b1t§§ filey fﬂBl%m lﬁ‘gsa path fafi8Go B ds¥ociated Kith & least one

coQti nug,to gbdﬁe,neptg@f,lg e users a sane file interface if the nmaster set
of system files cglg %awaaie} éébbf%ystaﬁlﬁleﬁﬁw@}dté&gfulésfwthaamiamp ofy@tespf System
files over the sg.y,ﬁ&gmgfmd,ﬁ@teeéetbmstahmal Ity of nodes when the naster set
i's again avai | alabgting4fe sefof stuileet hod as claimed in any of clainms 6 or 7
wherein a file ofoustiag teinastbi doofisystetn filesgmeritisesystem fles of therphundlityhf fiasies;@acth user
by the s&eps of icrentirigra dstauin ge tiraefof back usdr ackefcinglte defaultdilet tree oraemisations dherdby AYING or
t he pl ural it yeash uses e respectietingividual iviay ofthé ddte prbcessing syisten, the) individug) view beipg,iderticy! o 5
ar e{ cont ai nedfoothatase taheveryabde ih the dhta peareseigg BFtefodes in the default file tree
or gahi sati on; 50 creating stub directories for each of the user

di rect or i ed- ahdnethod asclaimestin FHEE thensamPprzing t@ﬁs“ipﬁéf | ura

nount i ng#t he usasingithe @ity obeystam dilegiin read ‘Eﬂ)’e’Fm:E( 8It° %“("h{?c'bf’f t@c'fs&sl s§m°

t her eby al | owfilp {jitesfacedithe masten sef ot system flap are 4 b
obte;?nedafrgm a§¥ i pdne m %*&féb ot of pyptemsUes R user @aﬁ&' @ng&&w%ﬂe N

S Pat ent anspr "2¢#&°4S agan VB ei | tes Dat enverar be| tungssystemmnit ei nem

hi er ar chi sghe i ; I @8S
ot B A ool el aiEn G BELRES o FWRINES e of Bk HE38S UpAEAH 2R

Ver zei chni sdal ¢ €l rothidving Wﬁﬁﬂﬁﬁﬁ't@@l’mm&n& Rl appRrpenBsatei, fUr die die
Ver zei chni sdat e'deﬁl'rﬁlﬁngvﬁﬁléﬂ 6kthé user Hlréctapibd)ard fildsCdre Zohtairvl vh i aBdtRen offthie cHBAligNe
ei ner Dat ei aggdeglﬁ,thmmmrw;eﬂﬁn .ei ner unmttel baren Sohndatei im

Dat enver gr bei t UngstngSé@iTtiresRidsciideagh @f M asert dirgctatios ahdias tontainadi @8 tapetiesr of ther
unm ttel ba- 1Q|ura|.ty ofrr@aes&phndat ei bei behalten wird, so daB ein Pfadnane

m ndest ens ei nermolfting tﬁheesehdn&ma:leememhemembm@yst!bedmctzrwg@vre@neﬂowmrad!sefuiﬁd
Mttel zum Zugsavefsh ideaticalddaw df tHezelystermasweis kerpbtainpgh em amrathes pederin tha system bynliim

der Pfadnane wem ei ner
55
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Ahwendung verwendet wird, die die Speicherstelle der Datel nicht kennt. 15
2. Ein Verfahren zum Zugriff auf EPo0e763MiBiei von einem/|

ei nem Dat enver ar bei t ungssy- stemnit hi‘erarchi schem Dat ei sgmmlmmlﬂﬂﬂ '
Verfahren fol gende Schritte unfalt: die Montage der Ferndateéi. fm¢t

Dat enver dratantangpishg st em bei ei nem Fer nknot en auf eine | okale Datei in
ei nem | okal en Knoten, wobei gl eichzej t| der | nhal

e

bei behal t®nEif "Pﬂs"teﬁ PatoryseaibeitupossySIRTL O} é'ﬁ Bipraichipehan b%@?"ﬁl ‘%?%g'r%ﬁ :36‘8?%'8'&"
Datelst%sterrg;:%i‘ E?{'@‘%ﬂ%ﬁ %\Ml‘d und 20 der Zugriff auf die
Fer ndat’ei .0, r
durch eine %’gﬂﬁ‘ﬂ' 5l g'r%cﬁ'"é o %F"s"fmggé é"r Jrqgglg glel%%kglhhn%ﬂgﬂzﬁm .
Ein Verfahr N nfindefiéils i { auPi3h INaiert Findk@dhs &8P Snrklidibaren
Ferndatei i %o e%eﬁﬁn é!&&pgﬁ i Iel‘éﬂzﬁlﬁg d A miéstdns BRGtupmitaibd- di e
| okal e, Dat ei nngcﬁl i be’l% f'gt‘l o Bin ViSih A6 Mindesténs efHRMDTACHLs ShierddGhischbAM
der Kop| er s%{g;;srte sQLGHRRAG @,,wraf,@ t: das I\/bnt i eren der Ferndatei auf eine
St ub- Dat ei K0 Bkl 64ASnHal iMdbSterid ineF MbMididdnEDatei, Inddindet learathe Dait eingr UNd
das Abnont i @hRdhdahRIverwerdethafdedie dil SpeichéfStefio deF-Ditei ikehttkennt.t €S
Dat enver ar bei t ungssystem mt ei nem hi erarchi schen Dat ei system und
zahi r e h22n EBNakfatiten Ainczublifbaut aineEorMdateinaom bikent lokatem\Kpotbn in @inery Datenveriarbaitveigssy-
venet zt si ndtemwnibidérarciisshdba Daleisystemr wabpitdas Yerdhren folgends Sorigewnted: unfaft: ein
Ver zsi chni s dii Nonhdgerger, Feaidatei ish Sptenviratheiungsaysteni bebeinpsnEdrniaeien avépite Iokale sl i
m t |,nf or mateinem dekale® Knoten, wehef bigichzeitly derdinhalt A iokalsn Detoh betprhelten “‘V@r%ﬁ ﬁ’ﬂ‘éﬁ‘f’h

(Ngest ens  aiinviesterisieinem Teilydes|higragphischep Palpisysiomygin Piadeans; 240eqrdnet v wgbei d| e
Datei knf or et Zugrfbent dig tFameiatel iny jokalen; Kaefar dussheeinen ffad Gyr dokalpn Rﬁﬂl“@%“@ﬁ?‘g‘?
zahi r ei chen Armendung. %‘%F'ﬂ@ﬁﬂ‘é‘?’s‘eﬂﬂ ‘1°f E?'"dfﬁhﬁ“%m"?ter en von ni ndestens e ner

genei nsam benut zt en Dat e L} E%, s &l n@artel urPQE?o'ﬂalg‘BEteu
hi rei ch® chs foi dom, J
o SRR e 0 i e e iR dLPie

rend glelchzeltlg

m ndest® nde en bei behalten wird,

und das tteEsn‘(;erfehlr gik'% rULhOé(% ' e.P%Er‘%fi'eQE "Ekd?é %@%ﬁs ei nem Tel | des

hi erar chi schﬁg gpalmgggﬁdjnet wrd;, Mttel zum

Benut zen ei ngsa Qﬁ,{,ggh ﬁd;teyon m ndestens ei nem | okal en Knoten aus durch

dag_Vergei chnis mt Nanen und die Datei mit Namen, um auf die nontierte

Dat ei  zZuzggre JeRblitesWatnvbRirbeitungddyétért nit 2insi Blentthisehen Patsigstom\wad tabinidhbralieny on

m ndest ens  qjidgysr bifk Rdrfunikahserbntuhg Giltbindndetadmbtet sireli wobei das Diatenveirrteityngssi auf

m ndest ens eakdntfolgériaseuihfagge | okal e Datei des | okal en Knotens zuzugrei- fen.

6 Ei n Ver f ahsireVierZeichniSinitoNamgn,edas diber Enindeetbrisyainecgenisinsdm banytzte (Ratej ait dnfor@ationeny er

auf zabbr ei olediyt, divalieczahimichanskngen verwende t ei | t en Dat enver ar bei t ungssyst ens,

das f ol gendesindesteas ¢ine eindeltigei icfals %}%tmrﬁ?@'ehﬂ@nmm“@m%waﬂtd@r patei daforationefe 5

Dat enver ar beinthéilh giognindestens sin/pkgler Kneten yeteridem sahlsgighan Kpoten gorwpndatiat ei en ei ne

Mast&r menge Nitiel 28y Montjerpaven mindestens °'2Q§WP’P‘Q!€'séﬁé7°B{¥*ﬂﬁ‘tDE§f’ \9l$rs?B|'l;:H‘ﬂﬁ’ A ook

- dat ei en f UrFepnisatancder H@"B@\QEILKE@?“ befipgigt. @y pinerDatal mit, Name Elg?nverze'c nis mit Namon in
rgt

St andarfdat GTJesees, beRy okasn Xaotea, wisisnd @picReoily le, Do im
f O?Seﬁde gc °Ib3hall g@ %%;gﬂf hﬁhﬁ%ﬁrﬁ%& s0 a{s ‘iﬁg%s‘ﬁka %fi)ﬁ? Teil
St andar ddat 'ﬁ r? mesje E§§ Fnﬁé ?%m@ﬁi nIUIIa%ﬁrKnotg@sauﬁ'aL@lg @&s
1 net I\/Enge ltrk%l'ﬁe% ufill di6 Bhtel rﬁ z m & H?ahtﬁh@ﬂatéﬂi%&@nfendﬁ

Montiergen eig Fn%‘nﬁ'd&st@dé it IoRdidATRnofdR laus durch das

©
St ub- Dat ei en, eriémi ﬁlf?ﬂ Sm\égfr]mhd%gl@r@ iR eindbLRb & BkafeLDattP HosNEKGleR KIBRING Suzigh6i-
Syst endat ei eg, anzul egen, durch m ndestens el nem 18 EP 0 278 31451

JV I.c1l1 TO1LEN T l m Tel | des Dateisystens ein Pfadnane zugeor dnet
wi rd; das gKogi 9éfahresl r BMURE BiheNEMGAsystemabbmihIITiaded iBeutienaubyahiralshtia Kidte winde r
zahi r eighen JgRsikeaDateiitaridingsvitans dastieigeriibs insfafrealyeichaSysByrdataeniait Sharakteridas
Loschen der dkéngdes \DatenvBtaaitinigésgstans, wBbei mindestims elvb déri Systemdataian died¥lasterreange
von Syst endaioniSgstenadatolediist zBrsicherBbavtesnerzeidmisse unidi-datsien il zahiaichechenuteaiind gige
Anl egen ei neBatdtraindem Sthadasidatelbammatitau fUeisden Benvizery das Varleypn umia@irrisbe] dplgende

St andar ddat eSdbdterauf - bau, wodurch jeder Benutzer eine eigene Ansicht des
Dat envesar bedie Beibphaiung eins Datpiti dom W%‘F%"WEW( lef'etﬂrdeﬂi’ag'éeéﬁ'P’B%%ﬁ?eler in

m Kn ndés dgdgmeie
 edem Knot e dnemhecHton s S R B KPP SO e o i

von jedem der Knoten zu der Mastermenge der Systemdatelen anzulegen, wodurch mindestens sinem
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7' EinVerfahren nach Anspruch 6, das fol gende Schrit#
Ver wendung von zahirei chen Systenﬂzg:eﬂmsmmur-Leserrmra(y m%! iﬂtre
Benutzer weiterhin die gleiche Dat®eischnittstelle hat, Wwertn di exMast nge
von Systendatei en nicht zur VerfUgung steht; und t6 das Montieren der
Mast er menge vbﬂd@;mmwsawenfammemgeo@%wwateu en der zahirei chen Knoten,
wenn di e Mastdas ifeniasen der Mastermongp deycSyst ndn Sygtemdegeiencger, zahisqigham Knofeninac h
Anspruch 6 o?ﬁt@;’ﬁ@?ngﬁm‘g&g&zsﬁ atelendar ddat ei baumauf baus dur ch

f ol gende Schrqagtesc qnidey Mengp v a der
Datei de% St afifgAfoniemn eba'!fﬁtafmewuvg" fstf‘erg‘i' °3aaﬁ'i ?'%gmwaﬁm &P'Z?P‘%“’ kol

n
wi et e and ‘*2@%@3%5 sk g iy sés%&ssgm
ent hal ten si nff™ u er e‘ Jh h{nd %t er tnd diese
Benutzerverze| 3'ﬁ sse un ede enu zer ate e| nem ander en der

zahi rei ch en m, HEnh Ansp Gq,géfo b ISEHRE ,qiggt Bonutzerverze| chni sse und
-datei en aul 9:%5:1 %Emlcﬁéﬁrﬂ%%léﬁﬁ l‘:’dﬁQ&Uﬁ\&ﬁs EdoNHaBRasH Beniitze? weflbrhin
i dentische Angd E\ghe

sehhiisBiThat) Wbnn didMidtPméhige dncSystémdatdichchivht AN U iGUng steht;
bel i ebi gen Kn,g,hen im System hatte. Revendlcatlons K> 30 1. Crnation d' une

i mage ungque g8 nMonidré Bor AWRBBmiéRgeS yua t Sysemdkiidnr auf tie ISystémditied alon zxbizeichiss Knatdmud
ayant un systgnAdieMshintigewisdehzue vaftgitggteats, | e systbne de tral tement de
donnees conprenant: au moins un fichier dans |le systbnme de fichiers

hi dr ar chi q@esEin WVeridhrenhiach Aokprucie Beadoi? 1 i dgra reine Ratainds Standardpateibrumputhayerdrtiut
deeyéndant p olalgeride §oteitte flejeflanciendzer angelg@ wird: repertoire est un fichier
parent; aes ndapdniuignoler Datel desStandardeateiaumanibausiirdiqzahiiaichen BaWPAS de donndes,
e au noins udesfFestiagesy welehes dar Baesirerrerzeleinisssi yad walsher do. Renuizerrisisierauf, pinem anderen
descendant t odr zahreighen KegtepdmStandargdateibaymautapy enfhalipgisind: [ §
descendant, p@asrglegeson §E’b‘c‘,’é"z?'%{'f“ﬁs°a ﬂlﬁr’PdFﬁ)?ﬁ" BB““EZP%{?’@'C“B'SS&“P‘E’E’& geé(,Benm?zgr gtﬂ"
nmoi Ns une por?’l heipam §'P'b rar gr?én

6

l{ ub- er elchmsse

moyens plur  afaiNoniRe °’t’ﬁf %%% ﬂ"f“&% r'° ?t

moi ns un fich @V’m 7%@%' ﬁ’}?ﬂc ! 4 %msunat'fsoc §er svn en utJEFda ant QFH

m-me nom de t ~dd d'acces & un fichier & d| stance a partir

d' un noeud 9&@' un systhnme de traitenent de donnees ayant un systbne

de {i chig rs oniararc |ques | e proctdd conprenant |es etapes de: 45

mont er | e f4, CBisBron Srufld # Gﬂqtﬂ%%y&t&n§2{ai§ RAeysitthel dedfalteitiide dbAndd® BisEIB® aparitn

noeud & di st apC&s@Bb déichletstirdéhiquéts Blsysiemeeri@Radtbnt deGiahnébsOdsinpeanpr dser vant

l e contenu du TiafioRk uh Rl dans leRRpstsiRS deciidkiers Bidrahiuds:t au nom de traj et

d' etre associ e &naidhiéFiietEpetiti® dyart tall @dingwin wﬁérhmmém désceridang rpeurHequelde Gthien des;

et acoddgr, papertoi€edpplidhidepdredn i gnor ant | ' enpl acement du fichier local, au

f i chier & di st anleemayenspakithohtercdens [pasysténme derta}tmenh@rﬂ»méeam aui regiisein fighiag yr un 50
E" pc~dd sehomdi au menewdichiet inmAdia descenrontdeuhien préservent e contenuduayenains u Hlies s

chier a hrsidiahdescendant, [permfeitanh e faibd ain nerp sl traipled'§irg 963068 2 FU MOIng HPgportign

d| stance sur Hesysitmhide fichissdhigrarchipuesPplocede sol on | a revendi cation 3,

| equel | #et ape dies meysing Pou GYRaeehg: Pas gne application igagraptdpmplacempnt dp gy mging, F’éf’l“ﬁﬁﬁe

sur un fichi ePUQF@tet“aF‘bﬂ’ m%r&?‘é‘?"'ﬂ’é‘%‘éﬁ'ﬂ%‘l‘ﬁ?"ﬂﬁ MR APRAC 8% st ance sur e

];_I Chllig-lllicallg f? den%nt U fncﬁler é Slgtan%re a panc-yr 'tugqge%g_pg%ggq_s I% ié ?@ ;ﬁlé@g‘é de
?n[n tape:

fichiers hiérarchi es le procédé compre nt le
Systbnme de tr n erT E?I]g% éi hf %ﬁiﬂ ﬁlp:a 5 oniEbs BV nobla Qﬁstanoe sur
fichiers*hi er 3k ?m H)§§ é e S u H@?l&repgwgﬁﬂenﬁeﬂgﬁrde'éaﬁlt
ligne de commyp}&aid t,esag LA BORISR Qb sy&RmE QB RerfFs HigdrRHiqabael :  un
rdpertoire nom“:"ac@ﬁgpéar%hb gﬂBlldﬂﬁan'—ﬁho;ahtq BinSiiceait (da dchicr 641,20 Attier @ @ftance au noeud

i nformations gchilohd UnSrafet étantlad fidhier local. Pl Ural ite de nosuds; au nmoins un
fichior Lpcal unique residant dans |e repertoire nomre, contenant des

i nformati ong @rgdddél defoRlla RAEndidatiolR) ¢bpteant e deltrel 16tapd dal eopien lepiichied disienadesur lo
noeuds; des’ My focd) @kbint B M0AETe, dudichiss Aakistanes susle fichien®eald | ocal , un des au
nmoins un fichier partag4 residant au au noins un nooud a distance de | a
pluralite de Prooédédsion Ruevendicakdn@hiaps lequshiéiapel desoplopcomprend:
&5 monter le fichier & distance sur un fichier de talon;
copier le contenu du fichier 2 distance sur le fichier local; et
démonter le fichier & distance.
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106 ' :repertoire nonm au noeud | ocal, tout en maint

fichier |ocal unique au noeud Iocabozl:esumyens pour. mnmmﬂEMMW au
nomde trajet d' tre associe a au nbins ‘'une portion du §ysfbn’e i chiers
hi drarchi ques; des noyens pour utiliser, a partir de I quel conque du au
Moi NS un &108ystbrbeds traijernantdd donpdes dlstnhuémomeeant v fysieme Sai"c'l"’@ higrarehiques Pteng o
pour avoir ploeBé dainoguds rieserepanesifs riac He fignp &@a@"‘m‘ﬂ“‘éﬁyg‘ » Ry SYFBE Py pitement Id8cal
et des noyefemgrsigemprenant ser, a partir de |'un quel conque d' au go ns un
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