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1 Naming is a furdamitad uifyig comept

The difference between a collection of networked centralized conputing systens and
a true confederation of conputing systens lies inthe ability of the systemto provide
a uni formway of accessing and nam ng resources that is nachine i ndependent. As
distributed systens have grown fromsingle local area networks to world-wide inter-
networks the logistics of discoveringresources of interest have becone correspondingly
nore conpl ex.

The grow ng conpl exity of finding informationinfornationinone suchlarge net-
work, the Internet, has notivated a wi de-variety of new tools for nam ng support
[2, 7, 9, 4]. For example, the Archie system[1] provides an on-line index of the
files that are available at over 200 public FIP sites. The Alex system[3] provides
a uni formnamng systemal ong with caching services that span all of the hosts in
the Internet, and interoperates with an underl ying file systemthat provides primtive
FIP support.
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A significant inpact of distributed conputer systens has been to enable rapid
inter-user exchange of information. To take advantage of the potential for such in-
terchange we need to anticipate the kinds of sharing that shoul d be supported, and
tailor our namng systemto support these needs.

We believe that a significant newuse of distributed systens will be in the area
of information publishing, and future namng systems will need to anticipate the
requirenents of this application. Information publishing is a natural extension of
mailinglists, file transfer, and bulletin board systens. At present, the nost conmon
way to publish is to announce to a widely-read mailing list the anonymous FIP
location of the publication. In the electronic world, as 1n the physical world, there
exist well-knownlibraries, usually operated as large FIPsites, which archive a w de
variety of useful information such as source code, technical reports, and back issues
of noderated mailinglists.

In the physical world, a good library or bookstore typically contains reference
materials, sone of which provide indexedlistings of avail able docurments. 1o publish
information, either in the physical or the electronic domnin, requires that the infor-
mation be nade widely available and that the cost of locating the infornation be
made very snall.

It is natural to expect that as the ampunt of informmtion that is published in
the Internet increases, query-based access will becone as inportant as nanes that
describe precisely the file that is wanted. Query support needs to be integratedinto
the nam ngsysteminsuch a way t hat applications can use hi gh performance protocols
to access data of interest. For exanple, if video files are indexed, then applications
may desire to use content nanes to locate video files of interest, but wmill need to use
hi gh perfornance protocols to access the files for playback. In this note we suggest
how such location and access services can be integrated into a single easy to use
protocol.

2 Catat Nes

ASemantic File Systemprovi des flexi ble associative access to stored infornation by
automaticall yextracting attributes fromstored objects. Associative access is provided
via traditional file systeminterfaces and other access nethods. The systemblock
di agrami n figure 1 shows the basic buil dingbl ocks of aprototype senantic file system
This semantic file systeminpl enentation uses the Network File Systemprotocol
[6], but interprets the fil e pathnanes as Content Nanes. The dynami ¢ interpretation
of content nanes by the file storage systemallows users to commnicate with each
other nore easily. Inter-user conmmnications can invol ve content nanes, and these
content nanes are correctly interpreted by the storage systemto nean what files are
desired, not exactly wher e those files are located.
For exanple, content nanes can be used to quickly create and browse USENET
news articles related to sol ving problens with a newnodem

% cd /sfs/news/subject:/v32bis/text:/hangup
% 1s
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Figure 1: Senmantic File SystemBlock Diagram
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In the above exanple, the first comnmand specifies desired properties of USENET
news articles, which are then enunerated by the ‘1s’ command. The desired files
are then examned with a sinple file browser. The use of NFS permts the content
names to be resol ved to pat hnanes viasynbolic links. Subsequent access to the fil es
therefore incurs no perfornance penal ty.

Information publishing occurs naturally in a Semantic File Systembecause all
storedinformationis automatically “advertised” viathe virtual directory nechanism
A“virtual directory” is adirectory whichis indistinguishable fromanordinary direc-
tory, but is conputed on denand by a senmantic file system The virtual directories
of a senantic file systemprovide a convenient way for interested viewers to locate
previously published infornation.

Unlike traditional content-basedreference materials such as library card catal ogs,
Books In Print, etc., the virtual directory method used insenantic file systens com
bines the neans of locating materials of interest with the neans of accessing them



3 Exapepdlan Vido USEET

USENET1s the largest distributedfile systeminactive use today. The prinaryservice
provided by USENET to more than 50,000 participating sites is a shared file system
known as the “newsgroups”. The newsgroup nanes forma tree-structured directory
nanespace. The files stored in these directories are the articles submtted by users.

New data is added to the USENET news groups at an aggregate rate of approxi-
matel y 40 negabytes per day. During a t wo week period, 20,000 users subm t about
200, 000 newfil es frommnore than 50,000 sites. Measurenents indicate that the par-
ticipating sites have approximatel y 10 m1llionusers, of whomabout 2mllionactively
read articles fromthe system][8§].

The current USENET architecture uses a floodi ng- broadcast distribution nethod
toreplicate published data at participating sites. Because of the high vol une of new
data submssion, most sites rapidly delete data. Once locally stored copies of data
have been deleted, users desiringto access the datamist use ad hoc nethods tolocate
possible archive sites.

Infact, anon-trivial fractionof inter-user conmmnications inthe USENETappears
to be repetitions of previous traffic, and efforts have been nade to avoidthis traffc by
widely distributing conpendi a of “Frequently Asked Questions.” W believe that the
nam ng net hods used 1 n USENET do not serve the prinmary needs of its users. Users
typicall y submt articles which describe desired infornation. This indicates that the
namng systemused i n USENET shoul d use Content Nanes.

The ampunt of infornation published per day in USENET continues to increase
rapidly, and the increasing use of graphical and video data will lead to even nore ex-
plosive growth. Conpressed graphics currently constitute about 10% of new USENET
data, but this represents less than 1%of the newarticles. Anyslight increase inthe
use of photographic data will produce a nmajor increase intotal USENET traffe vol -
ure. The publication of a fewm nutes of one good full-mwtion video segnent woul d
probably overload the existing USENET infrastructure.

Introducing content nanes as a fundanental part of the USENET shared file
systemoffers several potential advantages:

e Provides nore convenient access to published articles.
e Encourages the enbedding of article relationships inthe storage system

e Enables the publicationof itens toolarge for i nmedi ate broadcast.

(Content nanes coul d be introduced i nto USENET 1 n nany ways. One attractive
possibilityis to provide “virtual newsgroups” which use content nanes. These news-
groups could be accessed via the existing USENET fil e protocol , NNIP. An NNIP
server woul d dynam callyinterpret content nanes to create virtual newsgroups on de-
mand. It 1s possible that the NNIP coul d al so serve as a network fil e access protocol
for articles which have not been broadcast, with a gl obal namng systemsimlar to
Alex used to address specific storage locations.



4 (@dwiaa BasicPrimtives fa fuwe dstribited
pHishig systan

The basic requirenents of infornmation publishing inadistributed storage systemre-
quire efftient neans for locating published i nformation resources based on content.
Storage access protocols which integrate basic content-based primtives can be inte-
grated wmi th net work-based gl obal nam ng and 1 ocal caching. These basic techni ques
support information publishingin the client-server paradi gmby decoupling the stor-
age and namng features of traditional network file systens.

The semantic file systemarchitecture permts 1nfornmation publishing in a dis-
tributed system Loosely couplednetworkfile systemprotocols such as AFS and NFS
can be used to provide convenient access to both content-attribute infornation and
actual contents. Large items such as digitized video segnents can be published with-
out unnecessary copying, because network-w de references can be used to uni quely
identify objects invirtual directories as in Alex.
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