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Abstract

A semantic file syst emis an iformaiaistasge systartha
provides flexible asccidive aes to tle sptats atats
by aitadicdly etratitg dtribtes franfiles with fle
typespaft ¢ ransducers. Asdie aes is poiddlya
sl e etas a toeasting tree strutred fle sstem
pdads, adlypdads tle ae dsged spafdly far
artat beed avss.  Captibity wth eastirg fle s
tampdads is poidd by itrodarg tle et & a
virtual directory. Vird dretay raes aeirtapeed &
quenes, ad ths poick feabe asoddive awes to fles

ad dretaies in a marer aaptibe with eisting sdt-

e Rapd atribtebred awess to fle sptanatats

is irpasatad by atastic edratian ad indxig f key
pumties d fle sptandyats. Tle atastic inkwg

fles ad dretaies is dled “saatic lware wa po
garde trasduas weirfartia dat the saatis

d yphed fle sptemdyads to etrat, the pogaties far
i1g  Exmmatd resdts frarasaatic fle sitam
lpaataimsypat the thes thi saatic fle sitan

pesat a e dfetive stase dstratian thn  trad-

tiqd tree strutued fle sptam fa ifamian sang

ad amdled pogamyg

1 Introduction

We wldlile to dsd @ an apreach far irfamatian sta-
ae e hth pants was to shae ifarsian nre &-
fetivdy adpoids reddias inpogang €t ad
paganapenty ‘Bl didive ths rewapoach st

ke wed ad ths an gqpoch the poids a trastian
pith frareasting fle sptamis dardle

In ths ppr w eglae the theas thd senantic fil e
systens peat a me didie staae dstratian thm
d tradtiad tree strtued fle sptam fa ifamtian
sairg ad anad led pogang  Asaatic fle
setemis anirfareian stasge sstentle poids -
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Be asondie aes to tle sstats atats by atast-
idly etratitg dtribtes franfles wth fle tye spifc
transducers. Asxdive ages is poidd by acasandive
atasm to eistitg treestrutued fle stempatods,

ad by pods th ae daged spafidly fa atat
beed azpss.  Atadic indg is pafamal e fles

a dredaies ae aeted @ yuhiad

Te atadtic inkig d fles ad dredaies is dled
Saatic’ lware va pagardle trasdoas we in
fardian dat, the saatic d yshad fle sptands
Jjats to etrat tle pymties fa inkirg  Thagh the
we d spadized trasdwas, a saatic fle stam‘in
dastad” the donats, pogay djet ok ml, im
ags, masaie ddss, bligahies, ad dhe fles
artared by tle sgtem Fa eagple, the trazder fa a
Cpganwld etrat tle e o tle posdres tha
the pganequts @ irpats, poxdre tyss, ad tle
fles irdwdd by the pogan Asaatic fle sptaman ke
etadd exly by was thagh the alltian f spadizd
trasdras.

Asaidive avss is duiged to e it ema fa was
to shae idfartian ly lpig tlendsoa ad laae
pgay dormats, ad dle deat dyeds. I ex
ape fles canbe locted bsed yn trazder gaarded
dtribtes suh & atha, equted @ irprted poedres,
ads atared typ adtitle

Asaatic fle sgtampoids lth a war irtafae
ad a1 gician pgamyg itafae to its ama
tive awes failities. User intafars beed ypn hosas
[Tf90, 49d] lme poen to ke didie fao qay bead
aress toirfardiay, ad w eget hosas to ke dired
by st saatic fle sgtemipantdias. Agicdian
pogamyg itafaes th pant rade aes iduk
spddizd pdods fa idamtian rried [NISI], ad
rerte poedre cl b intafaes [GR 7).

It is dso psibe to equt tle falities d a samtic
fle sgtanwtlat itroddrg ay wwitafass. ks
cn e axaphished by etadig tle mng saatis
fles ad dredtaies to syt asoddive acess. Al
d ths apachis tht dl edsting apictias, idudg
wer irtafars, inalady idait the lndis d asoia
tie agss.

Asaatic fle sptemittegdes asoadive avss irto
atree strutired fle systenthagh the eyt & a vi rt ual
di rect ory. Vit dredtay rams aeirtapeted & geaies
adl ths poic fhille asaidive awes to fles ad d-
retaies in a e aptibe wth exsting sftwe

I eape, in tle fdlong sssan wth a saatic



fle stemwe fist lode wthn a libay dl d tle fles
tht equrt tle posdre lookup_fault, ad th futler
restrict this st d fles to thoe tha e tle etasan ¢:

% cd /sfs/exports:/lookup_fault
% ls -F
virtdir_query.c@
% cd ext:/c

% ls -F
virtdir_query.c@

%

virtdir_query.o@

Satic fle sytan cn poide ascadive aws to
agap d fle savas in a dstibted sgtan ks ds
tribted seacch cphility poids a siifed rataism
fa lodig ifamtian in lag Hiawt fle sptan

Smatic fle sptan dald ke d we to lthidide
ds adgap. Idudds @ we tle qay fality d a
seratic fle sptartolazte fles ad to poid dtamaie
vew d dia Ghys d was slold fid saatic fle g5
teman dfdive wytolean dat shaed fles ad to lep
theasd ves \ptodie dut the st  gappgeds. A
walgags ey we fle seas & saadlibay re
sancs w equt thit samtic fle sytamtedrd gy will
heam even re .

Beaare saatic fle sptan ae aptibe wth eist-
irg tree strutued fle sstam irpantdias d saatic
fle sytam an ke filly aaptibe wth exstitg mtvrk
fle swterpdiodss suha NB[SK &%, b ad A8
[158]. NBaptiblity pamits edsting diat matites
to we tle ik ad ascadive aes fetues d ase
matic fle sgtamithot mdftian  Hles staedin a
saatic fle sptamia BBl e atasicdly inbed
ad qay relt sts wll apear & wrtd drataies in
the NSmmspee 'hs gpoch dradly atbesses tle
‘Usty dtd” pdiend eisting UX fle sytam by d-
loing exstirg WXfle savas to ke aasarted trasp-
atly to saatic fle sgtan

Ve hilt a padype saatic fle sptamad nn
asaies d epmmts to test ar theis the saatic fle
systearnpresat a nre dfdive staag dstratian thmd
tradtiad tree strutured fle sptam far ifarsian sta-
irg ad arad led pgamg  Wined to lode
waios comats ad pogas in tle fle sptammg
udfid B diats. R reslts  these eqmirats
st thet samtic fle swtamn an ke wad to fid in
famtian e qidty thm is prsibe wig admy fle
swetan ad atl epesdie oar to anad led po
gang lagrgs.

In the ramantr d the ppr w dsos peias e
seach (Sdian 2), irtradee the itafare arl a saatic
fa a saatic fle sptan(3dia 3), riewtle dsig
ad irjaatdia d a saatic fle sptan(Sdia 4),
wth dsardias an dler gicatias & it dreto
nes (St 6).

2 Previas Wak

Asdie aess to arlire iffamtian ws paeaed in
ealy bliggalic rdned sytam vae it ws fard to
ke d gedt W inloding ifamtian in lag didwss
[S18. Te dility d ascidive ates wdivdadits stb
sqqat gpicia tofle ad darat megat. T
peias rescach w hild ypn idwds vak an persad

apta ki setan ifaia ied sutan
dstribted fle sytan rewang s fa fle sytag

o Pasad apte inkiig sstanscha OnLoa
i [®9), Magllan [@], ad tle Digtd Tiba-
ian [N&h N&H poick wibwheed fle sytem
hosas tht pant verdbsed asoi i e aces to
fle sptemratats. Mdlan ad the intd hiba-
1an yermt seardes baeed yn bodean aabidtias
d vads wile @ loatianis linted to ajudtias
d wd. A the sptanrak mdig fles wiga
rdeate saae Tee setamd] aete 1nbes tore
de sadhtim @ loatian atasticly ibes
fles in the bdgard wile Mgdlan ad the -
td hibaian regire was to eghiatly aede inbses.
Bth @ ladian ad the Dgtd fbaian it
was to atl gpgm ae lepadgradian pogas
[0, NBH toinkx rewtyps d fles. Hower,
Mdlan @ loatiay ad tle Igtd Lbaian ae
linted to alist d vads fa fle dsaipian

o Ifamticn rdried sytam suh & Bes [If9],
Mity [44], ad Bs TH 1] etad tle s=
mtic d prsad apte inkg setan by
allrg fddsmift qaies. Hdds tha cnbe qaied
iduk donat ctegry atha, tys, title, idati-
fir, sty die ad tet atats. My d tlese
et rdaiadis ad dtibtes an ke staed
inddiad didese sytan tht poid a grad
qay lagey ad syt apiciioa pogana:
ass. Te WSstanyemits irfardian & rede
dtes to ke qaied bt rdies ypn the war to dose
angpagu de rade hot framdreday d sauas
[, 3edi]. Txtribted ifartion rdried s
tam [, IO pafamgary rating beed
pn didewe atat 1dds to asue tht dl de
wat bots ae artated in resprse to a qary

o Ixtrihted fle sytam[Sith), 188 poid: rade
aress to fles wth tree stractued raes. Fese g5
tan tme ailed fle g ang gops o pgle
ad oa wk gegahic ass. Hsting WXtads
suth & grep ad £find [G8] ae dten wad to pa-
fanmsaidie scades in dstnbied fle sptem

o Nwmiig s fa fle sptamind uk tle Rrtadle
orty list Dictry ssterm (I, [,
Vit Sstam [N ad Sris Nk Sftwe
Hiirarat (89 [S8. RFpoids aatity
rddiaslip didwe tht mwlls tle dtibtes o
djets iddig fls. KEhs ben irpaated
& a apiibe etasm to WX Iwe, KIE
was mt we spadizd tals to qay the KIE
didare, adths bt rede the lndis f a0
adie aes vaafle sptemintafar. Te Bqaty
Tist IRctay systemirpearats afle sutemmat
dsiged aardfle pguties ad dbs a tixfrat-
ad wer ittafae Smlaly, Vit Sstam part
was to ladadt astared vew d savas, fles,
addredaies. Iwa, mther sgtanpoids ax
tadic dtribte edratian (d thogh [ ] dluks
toit & apsille edtasa) a atibtebeed aes
to thar aatats. ¥Eis a retvrk tragprat sdt-
wae dsdquat tal thit dlow dffat vew d



afle sptanhaady dled envi ronnent s to ke &
fied Wile virtid dretaies, these s nst ke
epiatly aeded bfae larg amesad

o Weammigsstansths XID[AH, Fe
fle [B8, ad tle Ntaled Reore Toay
Rgedt [$H] poidk atri bite beed acess toa e
waidy d djeds, bt they ae it irtegated irto a
fle setannr & they poidk atastic atiibte
bered acess to the aatats d afle sgtem

Iy adawes dfed by tle pesat wakiduk

o Vitild dredaies ittegde asoidive ages irtoex
istitg tree strutued fle sutamin a mame the is
aptiBe wth exstig apictias.

o Vit drataies prmit unadfid rade hots to
aress tle fadlities d a saatic fle sptamwth ex
istirg bk fle stampatods.

o tasdms cn ke pogamal by was to pafam
abtray itapedia d fle ad dreday atats
inadr topode adsrad st  fddwde pis far
lda reried. T we d fdd dlos trasdwms to
dsaibe may apds d afle ad ths pants b
saqat sqlisticated asoidive awes to apted
poaties. In alltiay trasdeas an idatify en
tities wthn fles & irdpadht dyeds fa rened.
I eaple 1dvdd ml msags wthin a ml
fle can be treded & irdpahit atities.

Reias reeach sigurts ar vewtls oaladgfle
sytensaatic anirpoe sitanmfarity ad ility
wencapred vth the dtarive d aeting arewitta-
fae tht is inaptibe wth easting apictias. Ban
pes d this qpudhiduk

¢ ldies in WXapa & sprid fles [RA intle
/dev dretay edding thanto ke wed & admy
fles franXaphiias.

o XSstend [l rd ppes [Re p 1] apem
& spad fles, adhitg pogan to radzos wWig
fle sptemgmdtias.

o filesstamaypar &spad dretaies inAtaart
demndredaies [ Bifl) P, eddirgtle
brdig d amato afle sutarto ke apted &
the timmd rdfaare

o Howsses ayear & spad dredtaies in Hliars po
s fle sptem[ 8], adlirg porss dsadian
adatrd vafle qadias.

e Srics apa & spad dredaies in Pan 9
[FH], addirg s axes inadstri bited sy
tamthogh fle sstangmdias in the saudEs
THa S

o Abtray samtics cn ke asoiaed wth fles ad
drataies wrg Widg [HY, Rab ias
[V, ad Fltas [Nf], adirg fle sutamex
tesas suhas tatimd divas, etwrkpdods, X
senas, fle awes aatrd, fle capesay ml
tifdiay wa spaftc dreday vew, leaggeas
fle azpss, ad saie avess.

o e ATGwsten] @] wes amdfed Bsaver
to poick trasprat awes to atadicly an

pressed fles,

author: smith

Object exports: init_xdr_rcv
Transducer exports: move_xdr_rep
imports: malloc

from: smith
- Mail to: jones
— | Transducer subject: meeting
text: fine

author: smith
Document section: introduction

Transducer text: beginning

text: distributed
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3 Semartic File SystemSenanti cs

Satic fle sgtan an irgaat a w aidy d s
matis. Inths satian w pesat, e sch saatics tha
w lme irpaatad  Sdian 6 dsails son dhe -

dhlities.

liles staedin a saatic fle sptamae irterpeted by
fle type spraft trasdoas to podee asgt d dsaipiie
dtnbtes tht ade laer retned o tlefles. Aattribute
is afiel d-val ue pir, deeafiel d dsailes apgatyd afle
(suh s its atle, a tle ad inits tet), ada val ue is
astiiga airtegy. Agvenfle cnle may dtri bites
tht lme tlesanfddram I eaple, atet fle ald
Iwe & may text: atmbtes & it s wiqe wd. B
anatiay fdd e ed wtha da

Auwa etasille transducer tabl e is wad to dtarire
the trazdeer tht shold ke wed to itapet a gvenfle
e @ wd irpaating a trasder tdle is to
It was to stae sire spafc trasdoas in the
sitiree’s pat dratay ad to lok fa an gpgude
trasder & 1nking tim by seading wp the dratay
heady

D aahie fles (suh 3 ml fles) tht atdn
nitige djets w lme gradizd the uit d asaddie
aws pad e fle Wdl tle uit I asodaive
aes aentity. Aattyaasst d aatire fle o
dyet wthnafle @ admtay bretaies ae asged
dtribtes by dreday trasdias.

Atrasde is aflter thit tdes & impt tle atats
afle adatpts tle flés atities ad thar aarespadig
dtribtes. Adrpe trasdor cld tredb aniipt fle &
asge atity ad e the flé's mige vad & adtnbtes.
Aape trasder ngt pafamtype reastratian
maimpt fle 1datify exh pordre & aniyadht
atityad we atr btes toraadthar reastrted types.

Kare 1dow eapes d andjet fle trasdor, aml
fle trasde, adaT EXfle trasdua.

T saatie d a saatic fle sptemen te readly
atactd eare was an wte ewtrasdes. Tas-
dms ae free to we rewfdd mes to dsaile spad
dtribtes. I eaple a (Die trardor awlditre
dee adrawing: fddtodsaile a dairg idatifer.

T ascdive aws itafae to a saatic fle sy
tamis bead ypn qaies tht dsaike dsirad dtnbtes
d afitis. Aquery is a dsmpian d dsirad dtnbites
thet pamits a high dgee d sdedivity inloding atities
d itaest. Te rslt d aqayis ast d fls ad/a
drataies thd aatan tle atities dsailed Quanes ae



hidem aabirdtias o dtribtes, dere echdtribte &
sailes the ddred e d afdd It is dso psible to ak
fa dl d tle dws d a gwn fdd in a qay resdt s
Te s d afddanbe wefd ven mroing a qay
to dinde atities thit ae it d irterest.

Asaatic fle sgtamis query consi stent dmit ga-
atees qary resd ts that aarespd toits arrat atats.
If yehtes e to tle aatats  a saatic fle sptemit
Wl eatdly ke qary amstat. Hs pgatyis kon
& anagt asstary Te rde & hdageninle
ratdian asags is ahmstraidy dtanred by -
aurg tle wa hadts € fat asage v apred
wthtle ide possig ot o inkiig rqpdy dagg
atities nltige tires. It is d carse posible to gratee
tht a saatic fle sptamis dws gqay asstat wth
gpqude we d daic atias.

Intle rerandy d this satian e wll eqhae fowan
judtie qaies an ke raped irto treestrtued pth
mw. A wmtiaed ealie, ths is aly ae d tle -
dbe ittafaes to tle qay cpblities d a saatic fle
system It is dso pesible to mpdgjudtian ad regtian
irto treestnotued e, bt tley lwe it ben infe
ratedinar pddye ad e wl b dsass then

@nes ae mfamalin asaatic fle sptemthagh
we d urtd dredaies to dsaile a dsired vewd fle
setamartats.  Avrtid dretay is apted o &
rad by asaatic fle sgtan antle part f vewd a
diat paganaurtid dretay is indstingistdie fran
aadmy dretay e, ulile admy drataies,
urtd dredaies bt lme tole egidtly aeted to ke
avessed

T qay falities d a samtic fle sptangyear &
urtd dredaies & exh led d the draday e A
fiel d vertual directoryismallyafdd adhs ae atry
fa eah ppube W d its aaresprdig fdd  his in
/sts, theurtd dratay /sfs/owner: arequd totle
owner: fdd Refddurtd dratay/sfs/owner: wid
Iwe ae atryfa exhoner tht Ies wittnaflein/sfs.

I eagle

% 1ls -F /sfs/owner:
jones/ root/ smith/
%

T atnes in afdd vrtid dratay ae e vrtid
drataies. Aval ue virtual directory s ae atry fa ech
afity dsailed by a fdddwe pir. his the wie ur
td dretay /efs/owner:/smith atams atne fa fles
in/sfs tle ae omdly Sith Ehetryis asyhdic
litk totle fle ¥ eape

% 1ls -F /sfs/owner:/smith
bio.txt@ paper.tex@ prop.tex@
)

Wh an atityis sdler thn an atire fle, a vewd
the fle an ke pesated by etadig fle rang saatis
toirdut vewspadfitias. Bt the ajudian
dtribtes in a gay Wi vrtid drataies aatan fdd
urtd drataies. b eape

% ls -F /sfs/owner:/smith/text:/resume
bio.txte@
%

Apesat pgaty d wrtid dredaies is thar sy
agstic intaatia wth eistig fle sgtanfadlities I
eape, dm a sybdic lirk raw a urtd dreday
the litk dsailes a apted vewd a fle sitam Tt is
dso prsiBe to we fle sae pgam suha& tar, @i
tl dretaies to sae a apted st d a fle system
It vald ke pille dso to gradize virtid drataies to
pesat vew d fle sptam wth respet, to a aatan tim
in tle pt.

Asaatic fle sgtaman ke calad e tp d ana-
dmy fle sptem dlomg dl fle sptangadias to @
thagh the S8 srner. Te oalad gpodh bis the ad
vatae th 1t poids tle par & asaatic fle sstam
toawr & dl tims withat tle red to e to a dstin
gisled dretay fa qay posssrg It dso dlow the
saver to & i in respaze to fle swtanmntdian
qudias. Mamidy a saatic fle sgtanmy ae
de urtdd dredaies tht atan lids to the fles in tle
uthlyirg fle sptem his reas tha sbseqat diat
qudias bpss tle saatic fle sgtarsaner.

W an oalad qpadhis wed fdd irtd drede
nes mst ke imighe to pesare tle pger gadiar
tree traasd apicdias. Adratayis ¢ nve si bl e it
is 1t retured by dratay enradian regests, bt en
ke awswd va eghidt lakp If fdd vrtd dredaies
we usbe tle st d tres uth /sfs inar dwe e
agle wald le itfiite  Waturdy mdirg dredaies
imsile ass the Xarmd pwd to fal e the
arrat pthirdwts animigbe dreday It is psabe to
fx ths thagh idwar d med .. atnes inimsbe
dredaies.

Te dstirgisted field: it dretay rdes fdd
vrtd dretaies wsihe Hs pants was to arade
msibe scadfdd R field: dratayis itsdf imis-
Be ki eape

% ls -F /sfs/field:

author:/ exports:/  owner:/ text:/

category:/ ext:/ priority:/ title:/

date:/ imports:/ subject:/  type:/

dir:/ name:/

% 1ls -F /sfs/field:/text:/semantic/owner:/jones

mail.txt@ paper.tex@ prop.tex@

%

e sptax f saatic fle sgtarpth rams is:

<gsfs-path> = /<pn> | <pn>

<pn> = <name> | <attribute>
<field-name> | <name>/<pn>
<attribute>/<pn>

<attribute> = field: | <field-name>/<value>

<field-name> ::= <string>:

<value> = <string>

<name> = <string>

T saatie d saatic fle sptarpth s is:

o Tk uivaxe d afities is dfied by the pth ram
pefi befae tle fist wrtd dretay ram

o Tk atats d a fdd wrtd dretay 1s a st
e urtid dredaies, ae fa ch dwe tha the
fdd dsailes in the uivase
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o Tk atats & a W urtid dretay is a st &
atnes, ae fa exh atity in tle the wivase tha
hs tle dtribte dsailed by tle ma d the e
urtd dratay adits prat fdd virtd dretay
Te aatats d a dwe urtd dretay Hies tle
uivase d afities far its sthlretaies. In the &b
sae d mm aflds, the ma d a afry in a
devrtd dredayisits aigi atryraa hiry
ma aflds ae redved by asiging e ms
toatries.

o Teatatsd afield: wirtid dratayis tle s
d fdds inwe

4  Serantic File Systemlnpl enantation

Whae hilt a saatic fle sstemtle irpeaats tle
NB[SK & S pdod @ its etamd ittafae B
ue the scach fadlities d ar saatic fle spteman Inter-
et diat cnsirghy rart, ar fle systenst, adsired part
ad begn wrg urtd dretay mew @ NS s
arptes the aatats d urtid drataies & reesay in
respaee to WS lookup adreaddir rqgests.

Abok dggand ar irpaatdia is somin Fg
ue2 Fedstedlins intle fgre dsaike poess hord
ales. T ma porsses ae

o ke client possis respasbe fa grading fle sy
tarregests wig ard MBS style pih e

o ke fil e server process is repuabe fa aeditg -
il dredtaies inresparse topthram beadqaies.
T I8 Srar mdle irpaats a wer lad NS
saner adis resps Be fa irpaating the NBin
tafae to the sgtan T I8 Srer wes di rect ory
faul t s toregest aaptaian d reedkd atnies by tle

Vitd Wredtay mdle  Afalting wdmismis
wad becase tle I8 Srar cdes virtd dredtay
resdts, ad wll aly falt wen reedd ifamtian
is rgested tle fist il is wlagr caded R
Vitd Iretay radle intundls the Gy Ho
assig mile to atdly aapte the aatats d a
urtd dretay

R fle s poes reaad fle sgtammad fia
tim eats in a witehdind lg T mdfdian
leg dimmtes dphicie ralfidian eats.

o ke indexing process is repualbe fa lepig tle in
dxd fle sptamatats wptodie Fe Ibx M-
tar nulle eanes the md fidian g graraed by
tle fle server poess ey twonmtes. T indx
i1g pusess respik toafle sptanad fidineat
by dositg an qppide trasdor fa tle mad-
fed djet. A apgriate trasdor is sdeted by
darmiand the tye d tle djet (eg Chore
fle djeat fle dratay). If 10 swid trasde is
ford a Halt trasde is wed R atpt d the
trasde 1s fed totle Inber madle tht imats the
aptad atribtes irto the indx  Iidsing ad re-
tried are beed yon Rt Whmgy's Bre pde
o [W] ad a alyjed aian d tle refer [lef
scftvare to rartan tle mprgs betven dtn hites
at djeds.

o ke nount daeronis atated to dame the rat
fle lade d tle uddlyirg WXfle stan ke
fle s posss eqats its NS s wig the
san ot fle lade a a dstint pat nrler.

o Tk kernel injaats a stadd fle sutemth, is
wed to stae tle saad i R fle saver proess
a@ld te irtegatad irto the lamd by a S head
imantdin [k d asamtic fle sytem W
doe to irdaat ar padye Wi a wr led
NS server to sirghify ded gt

Iisteed d captirg dl d thevirtid dredaies tht ae
pesat ina pith g ar irpentaia aly aptes
avrtl dretay if it is emreded by a diat readdir
rqest @ alookup is mfaml mae d its atnes. "Hs
giinmia dlos the I8 Sa to tiae qay po
asrgintle lge th futler atibte spdfidias wll
redee the anrt d wkreesay fa aptaia d the
resdt st "his glinwian is irpantad & fdlos:

o T I Sra e to a Lookup regqest an a
urtl dretay wthalookup not_found falt totle
Vitd Dretaymdle R Vitd Dredayad
de deds tordesue th tle vrtid dreday mam
is sytaticdly vl farmal axad g to the gam
inSdian 3 If the ramis wl fam] tle dratay
falt isimalady sdisfed lydlig thecreate dir
pozdre inthe I8 Smar. "hs pordre aedes a
padddr dratay tht is wed tosatisfy the diat’s
aigid lookup ragest.

o Tt 35 Srer reyuik to a readdir rqgest ana
vrtl dreday a alookup amae d its atnes wth
afill directory falt to the Vitd Bretay md
de T Vitd Bretay mdle dlats dl o the
dtrihte spdfidias in tle vt dretay pth



maa ad peses than to the @y Rorssirg

de he Gy Roesing madle wes drpe lans-

tis to readyr tle poesstg d atnbtes toginiee
qaymfame Fmdigatie ae thmm

taidizd in tle padddr dratay ly the Vitd
Ireday madle the dls tle create 1ink pos
drein the I8 S fa edh mdig fle @ dree

tay

e trazdeas thet ae pesatly syparted by ar se-
atic fle sgtampaatdia iddwk:
o Atrasdor th dsaibs NwYak Tiw atides
wthtype:, priority:, date:, category:, subject:,
title:, author:, adtext: dtnhtes

o Atrasder tht dsaibes djat fles wthexports:
ad imports: dtnbtess fa pordrs ad ddi
aldies

o Atrarder tht dsaibs C Bd, ad Slaa
sare fles wth exports: ad imports: atnhbtes
fa pordres.

o Atraxdur thi dsaibes mal fles wthfrom:, to:,
subject:, adtext: ambtes

o Atrazdor thi dsailes tet fles wthtext: a-
tnhtes. T tet fle trasde is the dHalt tras-
do fa AT fles.

Inadltian to the spddizad attribtes listed dwe, dl
fles ad dretaies ae futhe dsailed by owner, group,
dir, name, adext dtnhtes.

Apeat, waly inkx pthidy reaile fles. Bae
inestigting inbirg potected fles & wll, ad liriting
qay resdts to afities the can ke read by the raqester.
Waein tle poss d g anrer d iipoasts
to ar padye irgaataian ke ataaats in
dut 1) fl sypat fa niti-let qaies wig gayat-
irg 2) aalawed qay lageg 3) Btter sypat far
fle detian ad renirg ar 4) ittegadian d vew far
afitis sl thinfles. @ pesat irpaataioa dds
wth ddias by lepig a tdle d deted atities ad re
g thanfrantle rslts d qay porsing  Hhi-
ties are parraratly reoed frarthe didase iena fidl
ranbirg d tle setanis prioal Wae inestigiing
pfang fle ad dretay raaes wthot kg
the udalyirg fles.

5 Resdts

Vimasaies d eqmimats wigar saatic fle sptam
lipaataia to test ar thes tha saatic fle sptam
pesat a moe didive staae dstratian thn b trad-
tiqd tree strutued fle sptam fa ifamian sang
ad amd led pgamg Al d the eqmiratd
dtaerqut ae framr reseachgops fle saver wig
asaatic fle sptem T s is a Mroax3 unig
WXsasian43sd T saver inbses Al  its phidy
reatie fles ad dretaies.

‘b apd tle inkes ar padype setemraa
stnts a fl imdx d the fle sptanatats eay wek
@3 Jdy 191, fdl imsiig d ar wa fle sptampo
cssad B Mtes in 771 fles (Hle 5). b ubing tle

1 The 162 MBytes in publicly readable files that vere not pro-
cessed vere in fles for which transducers have not yet been vritten:
executabl e fles, RstScript fles, VI fles, tar fles, inage data, etc.

#d fle sptaraize B Mes
Aaort phidy reale 2D Mes
Aart vith kom trasder B Mes
Niber d dstint dtnibtes 1R 05
Niber d dtribites inbsed 1028
[ Te | Niler d Hles | Btes |
et el 8B
Sine i3 90
en 191 68
@ 27 N
[ ] T | ®3 |
‘e 1 Ea e SstarS4distics fa 23 My 191
[ Bt d indx | Sz inBies |
Indbx "Hes 6621
Tnkx "Res 338
I | 0oy |
[ Hee [ Tie (thirp |
Ireday Hiredian aor
Iaamre hle Fes a0
Tasde Dreday aol
Tarde Qat a®m
Tarde Sue a3
Tarde Bt a3
Tarde @er a2t
Rild hebx "Hies 2 12
Hild Tekx Tes am
CE | i

He 2 g Blubng $disic B My 191

resdtitg 1 nllian dtribtes tak 1 lar ad 3 rintes
(He 2. 'Hs wls at to a inkig e d 72
B finte

fle sptamtaion qadias tnggy imaatd in
deirg  Inyphte tests simdaing typcd war edting ad
aplirg imaatd ki is dly apeed in
less thm 5 imtes. In these tests, aly 2 wghytes &
mdfid fle dta vare rabed  haatd iy is
domr thn fll imdsirg in the podype sutembeaze
theimantd inkba des ot Hegodwe d red Tan
ay fa atirg R fll inba ws 10 raghtes d red
may fa atirg the immaatd inkar ws les thn
1 reghyte

Teindsg qudias d ar podye ae [/Clond
T @is %% ide duirg inkirg @ remwants
shontle trasdoas grerde qparady D dsk tras-
fas pr ssaad thady sauding the dsk  Trdsing the
resltig atribtes dso sduaes tle dsk  Atlogh tle
trazdwas ad tle inkber we dffiat dsk diws, tle
trapdeer-inke pie des b dlow] Ogerdias
to poed in prdld an tle twdsls. his, wfed that
w ald dable the thagpt byimpoirg tle ppdie's

2in parallel wth Pamsduce




strutue

Vet ar inkiig straegy toscde tol agr fle sy
tam beaze ird1g is linted by the yukie rate to afle
stemratler thn its tdd staae @ity oeatd
poesitg d yehes Wl regire alltiad rexd badidh
gpairadyeqd totle wite trafic thet atdly ocars.
Bt stdes d Wix fle systaredivity [OF
thet, yhie rates are 1oy and that st rewditais dHeted
a cermttenqgidty; ths, dHairgdigtly the possig
d yphies ngt redee tle alltiad tadadh regived
byinturg

b Htarire tle invezed laay d oaldd g
adias irtradeed by itapsing ar 38 s btven
tle diat ad the i fle sgtanw wed tle nhfsstone
tadmk [legd] & loak.  Te dlas dsaned fran
a1 mdfed diat atie e sdle thn the aia
tinin ldades d tle mive NS qedias. Rdimmay
raswaats stovtld Lookup gqudias ae daed by
2mm aasg, ad qadias the gade ylte wi-
frdias imor alagr day

"Fefdloing aeattd eidiee sypats ar theis th
a saatic fle sgtans me didive thm traltiad fle
syterm far ifartian stang

o Tetypd resure imfa the fist 18 camada
avrtl dretay is gpoirdy 2 sscak. ks
respaee tim refidts a sistatid tim sains o
litea seaxch thagh ar atire fle sytamwth ex
istirg tads. nalltian ssegat 1s conads e
spod inal ddy vith cded resdts.

W asaies d eqainats totest fontle nrter

d dtnbtes in a vrtid dreday rm dtad the
dsared prrfarane d tle 1s amad aavirtid
dratay Atnbtes wae attd ae 4 a tim to a-
ne & the fid pthram

/sfs/text:/virtual/
text:/directory/
text:/semantic/
ext:/tex/
owner:/gifford

T twpgaties d aqay th dt its respase
tim ae the niter d dtnbtes in tle qay ad
te mrter  djads in tle rslt st e bt

animrese indther d thee fatas is alltiad dsk
avsses.  ligre 3 illwtrdes tle itapay & thee

fatas. Fhpit atle respse il gahis tle
aaaed the egaimats. Inasqgude eqaimat
e resred an aaag respaee tita d 54 seaadk
W the resit st gewto 56 atities.

o Wl to e tle samtic fle sptans som &
it we qade to ldp cadme the paddian
ths pyer ad fa a aidy d dhe eaydy tals.
Wiame fard tle virtd dretay ittafae to le
ey to we  (Wwe inalady dle to we tle
Was dredtay ed tar IR S8 tostit,
qaies ad hose tle reslts. ¥ ak mdfatia
v reqired) A lest tw was inar gop rex
aned thar fle pdedias in vewd tle ese wth
Wich dler was ald loae intarsting fles in tle
sytan

te] indate
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Fgre 3 Ba & Nl f Atribtes w. Rspase T
ad Niber d Radts

o lds atsicdk ar rerachgoplseswossuly wed
tle gay itafae to lode ifamtian 1dulig
resppe atides, inar fle sgtan

o ldas atdd ar resach gap lme falad to fid
fles fa Which 1o trasdeer Ted yet ben imstdled
Vae dad g rewtrasdoas inrespase tothese
faled qaies.

"Fefdloirg aeattd eidate sypats ar thess th
asaatic fle sgtanis e didive thn tradtiad fle
sytern far cnad led  poganing

o T Xl pthan epraa falities irte
gae wl wth vt dredaies. ¥ eagle it is
s Be toqay the fle stendar dl dvi fles omed
by a prticlar wa, ad to pirt thee doe e
kegn wth a catan sgae d daatas.

o Sildic lids hwe poen to ke an dfdive wy to
dsaile fle sptarmies. Te resdt & wig suha
syblic litk & adredayis admidly apted
st d fles.

6 Cond wsioms

Whae dsaibed lowa saatic fle stamcn poice
asadive dtrbtebsd aes to the atats f anin
famtian stasg sutemith tle ldp o fle tye spafc
trasdras. Whae dso dsassed lowths aoss an ke
irtegdead itto the fle sptaritsdf wthirtd dretaies.
Vitd dredaies ae dretaies tha ae apted ypn
chad

T redts to dte ae amstat wth ar thas tha
saatic fle sptan peat a e ditive stage &b
stratian thn b trad tiad tree strutured fle stan far
ifamtion shang ad cnad led pgamg W
pa to add futher eqpmimats to eglae ths thess
in futle dtal. Wi dso to eane lowirtd d-
retaies andredly bt gphictian pogamas.

Result Count



@ eqmimtd sptanls tested ae saatic fa
urtid dredaies, bt thae ae my dhe piblities.
I eagle

o T virtid dreday sytax cn le edadtd to sp
it ande gaylagee yudive gaies wald
it was to we ‘4” in tlar qales, ad wald
dso dfr tle ablity to seach an mitipe retvrkse-
ratic fle sptan aomatly

o ldas ald g dtnbtes tofle sutamatities in
atltin to tle dtnbtes thd ae atasicly &
saged by trasdoas.

o Fasdwas ald ke aeded far ado ad vdo fles.
In pirdpe ths wild pant acess by img fram
nrte, a atat [N

o Tedtaral uthlyigasaaticflesstanmald
keatard k& eape, matityrddiash prad
(@8] valdpuoidk nre eqressi e pwr thnsim
pe dtribte bed retried.

o Tk afities insed by a samtic fle stamald
idut a ik aidy d djet typs, idudrg 1O
s ail fle savas. Whawm mng sptan
swh s X0 [@H wld e pesatad in tamd
urtd dredaies.

o Aufabraiand sanaticfle sptan s by nm
beirg in te thosady, cn ke agrizd itto an se-
mant ¢ c library system Asaatic libay sgtanee
pats the samirtafae & mirdvudd saatic fle
swtan ad ths a saatic libay swtemparits
axddie aws to the atats d its astitat
sanas wth exsting fle sptanpdtods & Wl &
wth patods tht ae daged spafdly fa an
tat beed aess.  Asaatic libay stemis im
pantead by savas tht we aatat beed ratitg
[ todrat astde war reqest toae a e
rdeat saatic fle sgtan

VBhne dreay aapeted the irgantdion d an

NBaxpti be qay posessg sstenthat favads
reqests to mitipe hosts ad aabies the residts.

o Vit dretaies anle wed & anittafae todhe
swtan suhas ifamiadned setanadpoe
ganig enirarat syt syt suhas K
Wae eglairg dso loweasting apictias ald
aes djed rgitaies va avrtid dretay irta-
fae It is pesibe toetad the saatic d asam
tic fle sitemto irdut axess to indvudd atities
inamm sitdle fa adjet remitay [@1.

o Rlear fadak ad qay rsits ald ke atkd
byittradarg rewurtid dretaies.

Teirdaataia d rd-tirninkig my ragire a
sistatid aort d aptig e & a satic fle
sre. Wae inetigting lowto i tle tak o
red-tim indirg in adr to riminee ths lod  Adle
aead rescachis eqhairg tovmsive prdldisn 39
tigt rqbae inding

Airtasstirglintitg e d ar dagnis asysteantla
raes an uthlyig tree stratued AN sBtamspa-
flos. Inswh asptand]l drataies wld ke apted

pm daad idwdig dretaies tht aarespod to tra
dtiad treestrtwedfle raes. Sthasytamgt dp
® shae ifardia we dididy by amoragg qay
Taped aseess thet, valdlead to the dsaay  uegeted
bt wdil ifamtial
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