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Abstract

Naming is a fundamental issue in distributed systems that is growing in

importance as the number of directlyaccessible systems andresources grows to

the point that it is di�cult todiscover the names of �les or objects of interest.

Baseduponour recent experience building asystemthat combines the ideas of

locationandnamingwepropose anaming architecture calledcontent names

that is a departure froma traditional tree structured hierarchy. Ina content

name systemaname caninclude adescriptionof what auser seeks inaddition

towhere aninteresting �le or object might be found. Our experience withan

implementationof content names inaSemanticFile Systemsuggests that they

will bewidelyapplicable tofuturedistributedsystemarchitectures. Inaddition

toour ownexperience, wehaveobservedatrendtowardscontent names innew

distributedservices, suchas theArchiesystemandtheAutomountdaemon. We

discuss howaSemantic File Systemcanbe usedto implement content names

andexamine its feasibilityinthe context of aUSENET publishing system.
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1 Naming is a fundamental unifyingconcept

The di �er ence between a col l ec t i on of networ ked cent r al i zed comput i ng s ys t ems and
a t r ue conf eder at i on of comput i ng s ys t ems l i e s i n t he abi l i t y of t he s ys t emt o pr ovi de
a uni f ormway of acces s i ng and nami ng r es our ces t hat i s machi ne i ndependent . As
di s t r i but ed s ys t ems have gr own f r oms i ngl e l ocal ar ea networ ks t o wor l d-wi de i nt er -
networ ks t he l ogi s t i c s of di s cover i ng r es our ces of i nt er es t have become cor r es pondi ngl y
mor e compl ex.

The gr owi ng compl exi t y of �ndi ng i nf ormat i on i nf ormat i on i n one s uch l ar ge net -
wor k, t he Int er net , has mot i vat ed a wi de- var i e t y of new t ool s f or nami ng s uppor t
[2, 7, 9, 4]. For exampl e , t he Ar chi e s ys t em [ 1] pr ovi des an on- l i ne i ndex of t he
�l e s t hat ar e avai l abl e at over 200 publ i c FTP s i t e s . The Al ex s ys t em[ 3] pr ovi des
a uni f ormnami ng s ys t emal ong wi t h cachi ng s er vi ces t hat s pan al l of t he hos t s i n
t he I nt er net , and i nt er oper at es wi t h an under l yi ng �l e s ys t emt hat pr ovi des pr i mi t i ve
FTP s uppor t .
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A s i gni �cant i mpact of di s t r i but ed comput er s ys t ems has been t o enabl e r api d
i nt er - us er exchange of i nf ormat i on. To t ake advant age of t he pot ent i al f or s uch i n-
t e r change we need t o ant i c i pat e t he ki nds of s har i ng t hat s houl d be s uppor t ed, and
t ai l or our nami ng s ys t emt o s uppor t t hes e needs .

We be l i eve t hat a s i gni �cant new us e of di s t r i but ed s ys t ems wi l l be i n t he ar ea
of i nf ormat i on publ i s hi ng, and f ut ur e nami ng s ys t ems wi l l need t o ant i c i pat e t he
r equi r ement s of t hi s appl i cat i on. I nf ormat i on publ i s hi ng i s a nat ur al ext ens i on of
mai l i ng l i s t s , �l e t r ans f e r , and bul l e t i n boar d s ys t ems . At pr es ent , t he mos t common
way t o publ i s h i s t o announce t o a wi de l y- r ead mai l i ng l i s t t he anonymous FTP
l ocat i on of t he publ i cat i on. I n t he e l ec t r oni c wor l d, as i n t he phys i cal wor l d, t her e
exi s t we l l - known l i br ar i e s , us ual l y oper at ed as l ar ge FTP s i t e s , whi ch ar chi ve a wi de
var i e t y of us e f ul i nf ormat i on s uch as s our ce code , t echni cal r epor t s , and back i s s ues
of moder at ed mai l i ng l i s t s .

I n t he phys i cal wor l d, a good l i br ar y or books t or e t ypi cal l y cont ai ns r e f e r ence
mat er i al s , s ome of whi ch pr ovi de i ndexed l i s t i ngs of avai l abl e document s . To publ i s h
i nf ormat i on, e i t her i n t he phys i cal or t he e l ec t r oni c domai n, r equi r e s t hat t he i nf or -
mat i on be made wi de l y avai l abl e and t hat t he cos t of l ocat i ng t he i nf ormat i on be
made ver y smal l .

I t i s nat ur al t o expect t hat as t he amount of i nf ormat i on t hat i s publ i s hed i n
t he I nt er net i ncr eas es , quer y- bas ed acces s wi l l become as i mpor t ant as names t hat
des cr i be pr ec i s e l y t he �l e t hat i s want ed. Quer y s uppor t needs t o be i nt egr at ed i nt o
t he nami ng s ys t emi n s uch a way t hat appl i cat i ons can us e hi gh per f ormance pr ot ocol s
t o acces s dat a of i nt er es t . For exampl e , i f vi deo �l es ar e i ndexed, t hen appl i cat i ons
may des i r e t o us e cont ent names t o l ocat e vi deo �l es of i nt er es t , but wi l l need t o us e
hi gh per f ormance pr ot ocol s t o acces s t he �l e s f or pl ayback. I n t hi s not e we s ugges t
how s uch l ocat i on and acces s s e r vi ces can be i nt egr at ed i nt o a s i ngl e eas y t o us e
pr ot ocol .

2 Content Names

ASemant i c Fi l e Sys t empr ovi des 
exi bl e as s oc i at i ve acces s t o s t or ed i nf ormat i on by
aut omat i cal l y ext r act i ng at t r i but es f r oms t or ed object s . As s oc i at i ve acces s i s pr ovi ded
vi a t r adi t i onal �l e s ys t emi nt er f aces and ot her acces s met hods . The s ys t embl ock
di agr ami n �gur e 1 s hows t he bas i c bui l di ng bl ocks of a pr ot ot ype s emant i c �l e s ys t em
[ 5] .

Thi s s emant i c �l e s ys t emi mpl ement at i on us es t he Networ k Fi l e Sys t empr ot ocol
[ 6] , but i nt er pr et s t he �l e pat hnames as Cont ent Names . The dynami c i nt er pr et at i on
of cont ent names by t he �l e s t or age s ys t emal l ows us er s t o communi cat e wi t h each
ot her mor e eas i l y. I nt er - us er communi cat i ons can i nvol ve cont ent names , and t hes e
cont ent names ar e cor r ect l y i nt er pr et ed by t he s t or age s ys t emt o mean what �l es ar e
des i r ed, not exact l y whe r e t hos e �l e s ar e l ocat ed.

For exampl e , cont ent names can be us ed t o qui ckl y cr eat e and br ows e USENET
news ar t i c l e s r e l at ed t o s ol vi ng pr obl ems wi t h a newmodem:

% cd /sfs/news/subject:/v32bis/text:/hangup

% ls
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Fi gur e 1: Semant i c Fi l e Sys t emBl ock Di agr am
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% less dcom.*

I n t he above exampl e , t he �r s t command s pec i �es des i r ed pr oper t i e s of USENET
news ar t i c l e s , whi ch ar e t hen enumer at ed by t he `l s ' command. The des i r ed �l es
ar e t hen exami ned wi t h a s i mpl e �l e br ows er . The us e of NFS permi t s t he cont ent
names t o be r es ol ved t o pat hnames vi a s ymbol i c l i nks . Subs equent acces s t o t he �l e s
t her e f or e i ncur s no per f ormance penal t y.

I nf ormat i on publ i s hi ng occur s nat ur al l y i n a Semant i c Fi l e Sys t embecaus e al l
s t or ed i nf ormat i on i s aut omat i cal l y \adver t i s ed" vi a t he vi r t ual di r ect or y mechani sm.
A\vi r t ual di r ect or y" i s a di r ect or y whi ch i s i ndi s t i ngui s habl e f r oman or di nar y di r ec -
t or y, but i s comput ed on demand by a s emant i c �l e s ys t em. The vi r t ual di r ect or i e s
of a s emant i c �l e s ys t empr ovi de a conveni ent way f or i nt er es t ed vi ewer s t o l ocat e
pr evi ous l y publ i s hed i nf ormat i on.

Unl i ke t r adi t i onal cont ent - bas ed r e f e r ence mat er i al s s uch as l i br ar y car d cat al ogs ,
Books I n Pr i nt , e t c . , t he vi r t ual di r ect or y met hod us ed i n s emant i c �l e s ys t ems com-
bi nes t he means of l ocat i ng mat er i al s of i nt er es t wi t h t he means of acces s i ng t hem.



3 Exampleproblem: VideoUSENET

USENETi s t he l ar ges t di s t r i but ed �l e s ys t emi n act i ve us e t oday. The pr i mar y s er vi ce
pr ovi ded by USENET t o mor e t han 50, 000 par t i c i pat i ng s i t e s i s a s har ed �l e s ys t em
known as t he \news gr oups ". The news gr oup names f orma t r ee - s t r uct ur ed di r ect or y
names pace . The �l es s t or ed i n t hes e di r ect or i e s ar e t he ar t i c l e s s ubmi t t ed by us er s .

New dat a i s added t o t he USENET news gr oups at an aggr egat e r at e of appr oxi -
mat e l y 40 megabyt es per day. Dur i ng a two week per i od, 20, 000 us er s s ubmi t about
200, 000 new �l es f r ommor e t han 50, 000 s i t e s . Meas ur ement s i ndi cat e t hat t he par -
t i c i pat i ng s i t e s have appr oxi mat e l y 10 mi l l i on us er s , of whomabout 2 mi l l i on act i ve l y
r ead ar t i c l e s f r omt he s ys t em[ 8] .

The cur r ent USENETar chi t ect ur e us es a 
oodi ng- br oadcas t di s t r i but i on met hod
t o r epl i cat e publ i s hed dat a at par t i c i pat i ng s i t e s . Becaus e of t he hi gh vol ume of new
dat a s ubmi s s i on, mos t s i t e s r api dl y de l e t e dat a. Once l ocal l y s t or ed copi es of dat a
have been de l e t ed, us er s des i r i ng t o acces s t he dat a mus t us e ad hoc met hods t o l ocat e
pos s i bl e ar chi ve s i t e s .

I n f act , a non- t r i vi al f r act i on of i nt er - us er communi cat i ons i n t he USENETappear s
t o be r epet i t i ons of pr evi ous t r a�c, and e�or t s have been made t o avoi d t hi s t r a�c by
wi de l y di s t r i but i ng compendi a of \Fr equent l y As ked Ques t i ons . " We be l i eve t hat t he
nami ng met hods us ed i n USENETdo not s er ve t he pr i mar y needs of i t s us er s . Us er s
t ypi cal l y s ubmi t ar t i c l e s whi ch des cr i be des i r ed i nf ormat i on. Thi s i ndi cat es t hat t he
nami ng s ys t emus ed i n USENET s houl d us e Cont ent Names .

The amount of i nf ormat i on publ i s hed per day i n USENET cont i nues t o i ncr eas e
r api dl y, and t he i ncr eas i ng us e of gr aphi cal and vi deo dat a wi l l l ead t o even mor e ex-
pl os i ve gr owt h. Compr es s ed gr aphi cs cur r ent l y cons t i t ut e about 10% of newUSENET
dat a, but t hi s r epr es ent s l e s s t han 1%of t he new ar t i c l e s . Any s l i ght i ncr eas e i n t he
us e of phot ogr aphi c dat a wi l l pr oduce a maj or i ncr eas e i n t ot al USENET t r a�c vol -
ume. The publ i cat i on of a f ewmi nut es of one good f ul l - mot i on vi deo s egment woul d
pr obabl y over l oad t he exi s t i ng USENET i nf r as t r uct ur e .

I nt r oduc i ng cont ent names as a f undament al par t of t he USENET s har ed �l e
s ys t emo�er s s ever al pot ent i al advant ages :

� Pr ovi des mor e conveni ent acces s t o publ i s hed ar t i c l e s .

� Encour ages t he embeddi ng of ar t i c l e r e l at i ons hi ps i n t he s t or age s ys t em.

� Enabl es t he publ i cat i on of i t ems t oo l ar ge f or i mmedi at e br oadcas t .

Cont ent names coul d be i nt r oduced i nt o USENET i n many ways . One at t r act i ve
pos s i bi l i t y i s t o pr ovi de \vi r t ual news gr oups " whi ch us e cont ent names . Thes e news -
gr oups coul d be acces s ed vi a t he exi s t i ng USENET �l e pr ot ocol , NNTP. An NNTP
s er ver woul d dynami cal l y i nt er pr et cont ent names t o cr eat e vi r t ual news gr oups on de-
mand. I t i s pos s i bl e t hat t he NNTP coul d al s o s er ve as a networ k �l e acces s pr ot ocol
f or ar t i c l e s whi ch have not been br oadcas t , wi t h a gl obal nami ng s ys t ems i mi l ar t o
Al ex us ed t o addr es s s pec i �c s t or age l ocat i ons .



4 Conclusion: BasicPrimitivesfor futuredistributed

publishingsystems

The bas i c r equi r ement s of i nf ormat i on publ i s hi ng i n a di s t r i but ed s t or age s ys t emr e-
qui r e e�ci ent means f or l ocat i ng publ i s hed i nf ormat i on r es our ces bas ed on cont ent .
St or age acces s pr ot ocol s whi ch i nt egr at e bas i c cont ent - bas ed pr i mi t i ves can be i nt e -
gr at ed wi t h networ k- bas ed gl obal nami ng and l ocal cachi ng. Thes e bas i c t echni ques
s uppor t i nf ormat i on publ i s hi ng i n t he c l i ent - s e r ver par adi gmby decoupl i ng t he s t or -
age and nami ng f eat ur es of t r adi t i onal networ k �l e s ys t ems .

The s emant i c �l e s ys t emar chi t ect ur e permi t s i nf ormat i on publ i s hi ng i n a di s -
t r i but ed s ys t em. Loos e l y coupl ed networ k �l e s ys t empr ot ocol s s uch as AFS and NFS
can be us ed t o pr ovi de conveni ent acces s t o bot h cont ent - at t r i but e i nf ormat i on and
act ual cont ent s . Lar ge i t ems s uch as di gi t i zed vi deo s egment s can be publ i s hed wi t h-
out unneces s ar y copyi ng, becaus e networ k- wi de r e f e r ences can be us ed t o uni que l y
i dent i f y obj ect s i n vi r t ual di r ect or i e s as i n Al ex.
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