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mote executionmaybe abetter use of resources fromboththe distributor's anduser's

point of view. Toolpack [7 ], a large collectionof Fortransoftware tools, andf2c [5 ], a

Fortran-to-Ctranslator, are logical candidates for this remote executionservice. Users,

insteadof downloading, installing, andexecutingthese programs, couldsubmit suitable

input andhave amachine at a remote server site execute the programs andreturnthe

output.

Another proposedcapabilitywill allowusers toaddtheir ownservers tothe collec-

tionof servers globallyavailable throughxnetlib. Anyxnetlib user couldthenaccess

this contributedsoftwarebyaddingthe appropriate server tohis active server list. This

feature will greatly expandthe amount of software available throughxnetlib.

We also planto expandthe scope of the xnetlib system. In the future xnetlib's

distributed repositorywill include more non-mathematical software andmore reports.

Additional software and document collections will be linked into xnetlib's existing

collection.

Startingwith LAPACK, xnetlib began distributing entire libraries. This service

will be extendedtoother libraries.

Xnetlib alreadyprovides fast andeasyaccess toalarge collectionof mathematical

software. In the future xnetlib will provide greatlyexpanded capabilities andwill be

muchcloser tobeing a complete problemsolving environment.

6. Summary

Software distributed by netlib comes with the disclaimer that \anything free comes

withnoguarantee". Incontrast tocommercial vendors likeNAGandIMSL, netlib of-

fers nosupport beyondwhateverdocumentationcontributingauthors choose toprovide

with their code. These caveats also apply toxnetlib.

On the other hand, bothnetlib andxnetlib provide free, easy access to a large

body of high-quality code, and the phenomenal growthof netlib over the past eight

years attests to the value of this service. We hope that xnetlib, by making this

high-quality code even more accessible, will encourage software developers to make

their codes freely available andwill make good programming easier for the scienti�c

computing community.
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Figure 5: Downloadingthe selectedroutines.

4. Ge t t in g s t a r t e d

Xnetlib requires release 4(or later) of X11andtheAthenawidget libraries as supplied

byMIT. The executable for the xnetlib client requires approximately 200 kilobytes

on a Sun SPARCstation2. The locally cached indexes occupy zero to 850 kilobytes

depending onhowmanyindex�les are cached.

The �rst step in installing xnetlib is to obtain the source code for the xnetlib

client. The software for the xnetlib client is itself available frombothxnetlib and

netlib, soasimple waytoobtainthe source is tosendthemessage send xnetlib.s har

from xnet l i b to netlib@ornl.gov. Netlib will respondby sending a shar �le con-

taining all necessary source code and documentation. Xnetlib is also available by

anonymous ftp fromcs.utk.edu in the pub/xnetlib directory. The xnetlib distri-

butionincludes anImake�le so installationis normally trivial if the XWindowSystem

has beencon�guredproperly onthe client machine.

Xnetlib is easily customized. One commoncustomizationat multi-user sites is to

have a single cache of index �les so indexing information can be shared by all local

users.

5. Pl a n s

Plans are alreadyunder waytoexpandxnetlib. Onemajor additionwill be the capa-

bilityof remote execution. Manyuseful utilityprograms are large, makingdistribution

tedious, or are more expensive to build than to execute. In such cases, allowing re-
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Figure 4: Classi�cationmenu.

Auser mayalso wish to s ear ch bykeyword instead of viewing the contents of a

particular library. In this mode, descriptions of �les are searchedbya keywordstring

the user provides. The keywordsearch can be a search on the intersection or union

of the words in a search string, a literal search for an exact string (with or without

case sensitivity), or afuzzysearchbasedonthe latent semantic indexing technique [2 ].

Latent semantic indexing uses statistical analysis to�nduseful matches that maynot

be uncoveredby other types of searches. In contrast, the fuzzy search capability in

WAIS is basedonanheuristic rather thanstatistical approach.

Clicking on the downl oad button causes xnetlib to display a list of selected

software and documents. Clicking on the downl oad pat h button allows a user to

change the directory to which�les will be downloaded. The dependency checki ng

buttonis amodal switch. If dependency checki ng is o�xnetlib will sendonly the

selected routines. If it is on, xnetlib will sendthe selected routines andanyroutines

that theycall. If the user is satis�edwiththe selectionlist andthe target directory, he

shouldclickonget �l es nowtoinitiate the transfer. Figure5showsthedownloadingof

selections made fromthe LAPACK, SOFTLIB, andRNlibraries. These three libraries

reside in repositories at separate sites. The selected �les will appear in the speci�ed

directory, usually withina fewseconds.

The who command allows a user to search the NA-NETWhite-pages [4 ,6], a

database containinginformationabout individuals interestedinnumerical analysis and

other disciplines. For simple searches the user need only enter an individual's last

name. Themodi f y s ear ch feature can be used for more elaborate searches and the

modi f y l i s t i ng feature canbe usedfor controlling the formof the output.
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Figure 2: Librarymenu.

Figure 3: LAPACKindex.
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client and server, requested indexes are cachedlocally. Frequentlyrequested informa-

tioncantherefore be quickly retrievedfromlocal cache insteadof repeatedly retrieved

fromthe remote server. Other requests are passedto the server via sockets. Section3

describes the use of the interface inmore detail.

3. Fe a t u r e s

Xnetlib features andcapabilities include:

� Access to adistributedrepository

� Searchingbya software libraries list

� Searchingbysoftware classi�cations

� Searchingbykeyword

� Software anddocument retrieval

� Access to the NA-NETWhite-pages

� Online help

Many Internet sites have sizable collections of documents or software. It is both

unnecessary and undesirable to require that these collections reside at a single site.

Xnetlib gives users access to a distributed repository of software and documents by

establishing socket-based links with the repository sites. Users have access to anyor

all of these repositories througha single interface.

Xnetlib users control whichsites are linkedintothedistributedrepositoryusingthe

s et up button. Current repository sites include netlib@ornl.gov, spark.brl.mil,

andsoftlib@rice.edu. Clickingonthe t i mel y mes sage buttondisplays news about

individual repository sites and clicking on the i ndex button displays their general

indexes.

Clicking on the l i brary button shows the libraries that are available through

xnetlib. Figure 2 shows a uni�ed list of software and documents available at the

repositories of Oak Ridge National Laboratory, Rice University, and the U. S. Army

ResearchLaboratory.

Clicking ona libraryname lists the contents of that library. For example, clicking

on l apack displays a partial listing of LAPACK's contents (Figure 3). The complete

contents list of LAPACKis too large to �t in the window, but the providedscrollbar

allows the user to scroll through the rest of the list. Clicking on the box adjacent to

a routine name selects that routine for future downloading. In Figure 3 the user has

selecteds get r f ands get r s fromthe LAPACKlibrary.

Thec l as s i �cat i on featureallows auser tonarrowasearch. Theclassi�cationof the

xnetlib software libraries is basedonthe GAMS[1 ] classi�cation system, augmented

to include classi�cations other thanmathematical software. Selecting l i near al gebra

causes the names of the libraries withlinear algebrasoftwaretobe displayed(Figure 4).
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Por t abi l i t y.The system's implementationshouldbe as portable as possible.

Acces s i bi l i t y.The systemshouldbe accessible toa large number of users.

No existing software and document retrieval systemsatis�ed these requirements.

Ftp andarchie are fast andportable but are not su�ciently
exible intheir searching

or record keeping capabilities. In addition, in archie the indexing mechanismand

the large volume of accessible material make fully up-to-date indexing information

impractical. Gopher is gearedtobrowsingthroughthe Internet rather thantoretrieval

of materials, while WAIS is better suitedfor retrieval of documents thanfor retrieval of

software.

Archie, gopher, and WAIS have di�erent goals than xnetlib and should not be

regarded as competitors. Their use can, in fact, be complementary. For example,

gopher canbe usedtoprovide improvedaccessibility tonetlib andxnetlib.

Figure 1 shows the basic con�gurationof the xnetlib system. The systemconsists

user machine

XNETLIB serverXNETLIB client

cached index files

socket

server machine

XNETLIB repository

Figure 1: Xnetlib con�guration.

of the xnetlib server process running onmachines at the repository sites, xnetlib X

client processes running onusers' local machines, andTCP/IPsocket-basedcommuni-

cationlinks betweenthese clients andservers.

Xnetlib's server process runs continually at anxnetlib repository site, listening

for incoming requests fromxnetlib client processes. Typically, the xnetlib server

runs on the same machine and accesses the same software repository as the netlib

server. Upon receiving a request, the xnetlib server determines the nature of the

request and responds by transferring the appropriate �le fromthe repository to the

xnetlib client process.

The xnetlib client running on the user's local machine provides an XWindow

interface to the xnetlib repository. It is programmedinC, using the Athenawidget

libraries. This interfacemakes searchingthroughthe softwareanddocument collection

easy. For example, an xnetlib user can viewthe contents of any library simply by

clicking abutton. Other commands, suchas keywordsearchingor requesting software,

alsorequire just afewbuttonclicks. Toavoidunnecessarycommunicationbetweenthe



Xnetlib is anewsoftware distributiontool recentlydevelopedat the Universityof

Tennessee andOakRidgeNational Laboratory. The goal indevelopingxnetlib was to

provide Internet users faster andeasier access tonetlib's large collection of software,

data, anddocuments. Unlikenetlib, whichuses e-mail toprocess requests for software,

xnetlib uses an XWindowinterface and socket-based communication between the

user's machine and the xnetlib server 1 machine to process software requests. This

enables users to searchthrougha large distributed collection of software easily andto

retrieve requestedsoftware in seconds.

1. a c k g r o u n d

Xnetlib's predecessor, netlib, grewfromaneedtohave aquickandeasymethodfor

distributing small pieces of mathematical software. Netlib services began in 1985 at

twosites, Argonne National LaboratoryandAT&TBell Laboratories, anddistributed

software fromabout 30 libraries. For additional informationabout netlib's operation

anduse see the introductorypaper byDongarraandGrosse [3 ].

One of the changes since netlib's introduction has been the transfer of netlib

services fromArgonne National Laboratory toOakRidge National Laboratory. Also,

the availability onnetlib of the netlib programitself has enabledmanyother sites

to set up their own software repositories. 2 The netlib software collection has now

growntowell over 100 libraries. The number of software requests sent tonetlib also

has growndramatically. The most heavilyusednetlib server, at OakRidge National

Laboratory, processedover 150,000requests last year.

2. ve r v i e w

We basedxnetlib's designonthe following requirements:

Speed. Retrieving software should take seconds, not minutes as typically requiredby

e-mail.

s abi l i t y.The user interface shouldmakesearchingthroughalarge collectionof soft-

ware anddocuments easy.

Organi zat i on.The system's repositoryshouldbe amoderatedcollection, withup-to-

date indexes, andadatabaseorganizedtofacilitate searchingandeaseof retrieval.

The repositorymaybe distributedover several sites.

Record keepi ng.The systemshould have the capability of logging requests so up-

dates andcorrections canbe reportedtousers.

Secur i t y.The systemshouldbe secure fromaccidental or intentional misuse.

1Throughout t his paper , server r efer s t o t he pr oces s han i ng s of t ar e r e ues t s an not t o t he

i s p a s er ver .
2 en t he es s age s or s s s t o . t o r ecei ve a i s t of

s i t es .
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A

isanewtool for softwaredistribution. Whereas its predecessor

uses e-mail as the user interface toits largecollectionof public-domainmathemat-

ical software, uses anXWindowinterface andsocket-basedcommunica-

tion. makes it easy to search through a large distributed collection of

software andtoretrieve requestedsoftware inseconds.
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