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A large collection of public-domain mathematical software is now available
via electronic mail. Messages sent to “netlib@anl-mcs" (on the Arpanet/

CSNET) or to “researchinetlib” (on the UNIX™ network) wake up a server
that distributes items from the collection. The one-line message “send index”
causes a library catalog to be sent by return mail,
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A larga pool of high-quality mathematical soflware
iz in use al educational, research, and industrial
institutions eround the country. At present this sofl-
ware is available lrom a number of distribution
agents—Iior example, ATET for the PORT library,
the International Mathematical Software Library

(IMSL], the Mational Energy Software Center [NESC),

and the Mumarical Algorithms Group [MAG). All do
a fine job with the distribution of large packages of
mathemalical softwara, but there is no provision for
conveniant distribution of small pieces of software.
Currently scientists transmit such software by mag-
nelic lapes, but contacting authors and deciphering
alien tape formats waste an intolerable amount of
time,

A new system, ketlib, provides quick, easy, and
afficient distribution of public-domain software
to the scientific computing community on an
as-neaded basis, A usar sands a request by elac-
tronic mail to redlib@anl-mes on the Arpanset or
to researchineflil on the UNIX ULUCT network
[Gateways are available to forward mail from other
networks such as CSNET, Telanet, and BITNET,]
The two addresses mentioned are, respactively, at
Argonne National Lab near Chicago and at AT&T
Bell Labs in Murray Hill, New Jersey. A reques! is
made up of lines of one of the following forms:

Thiz wark was supported in jort by the Matlonal Schence i inn undar
Aprenman] CR-BA1MAT. Any epinincs, ndings. conclusions, and moom-
metlalsng sxprossed in this public am thoen of e guthars and do oo
nicessasily relloct the views of the Nitioas] Scients Foundation.

UNIX is a registezed badomark of ATET Ball Labecataries
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send incex,

semed index from [ibrary.
sand routines from Iibrary,
find kevurords,

Examples and a few variants of these forms are
described in the next section.

NETLIE IN USE

Imagine an engineer who needs to compute several
intagrals numaerically, He conzults the resident nu-
merical expart, who advises rving the routine dgag
for some preliminary estimates and then using
gaussq for the production runs. The engineer types
the following:

il researchinetith
send dgayg from quadpack
send grissy from go

In a short time, two pleces of mail come back from
pellild. The first confains the double-precision For-
tran subroutine dgag and all the routines from guad-
pack that dqag calls; the second contains geussq and
the routines it calls. A utilily routine d1maech called
by gawssq is not included, since it is probably already
installed on the engineer's system; lhe request could
have been changed to “send geussq from go core™ to
include the “core library” of machine constants and
basic linear algabra modules in the search liat.

Should the engineer later decide thal the rouline
dgags would be more effective, he could ask “send
dqiags bul not dgag from gquadpack” to get daegs and any
subroutines not already sent with dgayg.
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FIGLRE 1. Requests Serviced by resoarchinetiib, September 1985-February 1987

Meanwhile, the numerical expert decides she
should check on the current contents of netlib, She
Ivpes the following:

meail Fesearciinedlih
and dndex

The return mail shows an unfamiliar library teeplitz,
s0 she sends mail “send index from foeplitz” to see
what is included. Curious to see a typical routine,
she trics “send only csiz from taeplifz.”

As typical examples of requests, wa give the fol.
lowing:
send dgeco from linpack [retrieves routine DGECO
and all routines it cells from the LINPACK librarv)

send only dgeco from linpack [retrieves just DGECO
and notl subsidiary routines)

send dgeco bul not dgefa from linpack [retrieves
DGECD and subsidiaries, bul excludes DCEFA and
subsidiarias)

send list of dgeco from linpack [retrieves just the
fila nemes rather than the contents; this can be
helpful when one already has an entire library and
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just wants to know what pieces are needad in a
particular application)

find eigenvalue [retrieves the names of routinas in
the collection related to the keyword eigensalue)

whois gelub (ratrieves the address of Gene Goluh)

whois france (retrieves all addresses of people in the
databaze living in France)

“Find" returns a one-line description of all rou-
tines in the collection that mention the keyvwords:
this can be more convenient than checking the in-
dexes for each sublibeary thal might be relevant.
“Wheis" searches for address and telephone informa-
tion in a database maintained by Gene Golub; this is
soon o ba supplemented by the membership files of
SIAM.

Just how guickly these requests are answared de-
pends on the speed of the network cormmunications
involved, but 5 or 10 minutes is typical for Arpanet.
CSMET or UNIX wucp may require anywhere from
minutes Lo days to transmit & message from sender
lo recipient. The actual processing lime is insignifi-
cant. One user wrole back enthusiastically that the
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FIGURE 2. Reguests Servced by nedibiiani-mes, Seplember 1985-Febneary 1987

system was 20 fast he preferred using it to hunting
around om his own machine for the library sellware,
Metlib has bean available since April 1985, Tao give
a feel for the number of regquests for software and
information, we provide Figures 1 and 2.

MATERIAL AVAILABLE THROUGH MNETLIE
Currently netlib offers a wide collection of public-
domain sollware as lsted in Table T (next paga),

In addition, there are miscellaneous other items.
such as Golub and Welseh®s GATUSS0), Cleveland's
LOWWESS scatterplot smoother, Bank and Smith’s
sparse mairix algorithm, Bjorstad's hiharmonic
solvers, Grosse's RAINBOW program for generaling
uniformly spaced colors, incomplete Cholesky
factorization, Dongarra and Sorenson’s TREEQR
eigenvalue method, Cullum and Willoughby's and
Lanceos's codes and routines for machine constants
and error handling, and ather public routines from
the POET library, in particular Gey's nonlinear
laast sgquares package. There are a number of
gpline routines by Cling, Van Zandl, and Wellring,
The multigrid program PFLTMG by Bank, tha
MICROZCOPE diagnostic tool by Alleld, and the
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multiple precision package by Brent are also in the
collection, though they are probebly too large to
sand by mail.

The varous slandard linear-algebrea libraries are
included for convenience, but the real heart of the
collection les in the recent research codes and the
“polden oldies" thal zomehow never made it inlo
standard libraries. Almost all of these programs ere
in Fortran. There is also a collection of errata for
numerical books, descriptions end benchmark date
for various computers, test data for linear programe-
ming collected by Gay, and the “ne-list" electronic
address book maintainaed by Golab,

[n addilion, nellib itself—thal is, this article and
the shall scripts end © codes thet do the automatic
processing of requests—is also avallable, We do o
send oul entire libraries, A computer center setling
up a comprehensive numerical libeary should get
magnelic lapes through the vswal channels

THE MWETLIRE SERVER

The netlib server runs under the UNIX operating
system [the eighth edition at Bell Labs and 4.2B50
ab Argonne], and consists of a Tew shell scripiz and
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TAELE |. Pubke-Demain Safware Available through Metib

Packege Descrpton

BEMNCHMARK Linpack and other imings

BIHAR Bjorsiad's biharmonic soher

EMP Brent's multiphe procision packeaga

CORE Maching constants, Basic Linear Algebra
Subprograms, and exlensions

CALGD Codecled algorithms from ACA,
published in ACM Transsctions on
Maethemarics! Soflerare

COMFORMAL Schvwaarz=Chnsioffel conformal mepping
programs

LoD A paralel programeting envdrenmaent from
the Unneersity of Mandand

EIZPACK Solution of elgervalus problems

ELEFUNT Cody and Waite™s tests for sementary
functions

EAAATA Comeciions o numerical books

FISHPAR Finite-gillerence approximation for eliplic
BWP

FITPACK Cline’s splines undar tension

Frik Coes irom a book by Forsythe,
Makaoim, and baoler

FMLIE Fullerton’s spacial-unction fbrary

FETRACH Swarziraubar's Fourier fransforms

HARWELL MAZE Sparse matrix nouting from 1hea
Hareeell ibrary

HOMPACH A continuation package

ITRACK Ibzrative linear-systams solvers

LARCIOS Cullum and Wiloughy's Lanczos
programs

LASC Seott's Lanczos program jor eigemvakies
of sparsa malrices

LINFACK Sofubion of inear s ons

LFJDATA Linesir programming best deta

MACHENES Short gascriptions of various compulers

MICROSDOPE  Aleld and Harmis's system for
discontinuity checking

MIRIPACH Monlinear equations and l8asi squares

MINFACEH Optirtizalion rowtines

COEPACK Crdinary Differantial Equations packags

PARANIA Kahan's test of Noating point

FGHIP Hermite cubics by Fritsch and Gardson

PLTHG Bank's multignd code—ioo tange for
orginary mail

PORT The: pdic subsat of the PORT librany

PPPACK Splra routines from de Boor

CIRADEAGHK Cluadrature routines

Slam Typaselting macros & the STAM journal
format

SLATEC biaching constanis and emcr-handling
packatge from tha Siatec librany

SPECFLUN Transportaihe special functions

TOEPLITE Splution of sysiems of eguations wihane
b malrix s oapdite

T2k Package for sparsa limear systems

L programs. The following dizscussion assumes
some familiarily with UNIX commands.

When mail arrives for netlib, it is piped through
& process that strips ofl punclustion, through a
sofl process that removes duplicates, and inlo a
L program that parses the requesl, ranslates the
given library names into a search list, and invokes
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the syztem loader with the given routine nemes as
external symbols to be resolved. A requested rouline
may require thal many roulines be assemblad, to
resolve all references [perhaps across libraries), The
resulting loader map is edited into o list of fle
names b salisfy the request, These files, along with
a lime stamp and disclaimer. are then mailed back
to the requester, A logfile records the time, return
address, number of cheracters sent. and requested
routine and library names. When the incoming mail
inelwdes aciual names es well as an electronic re-—
turn addrass. the correspondence iz also logged.

The programs can tolerate minor syntax devia-
Lions, since we do get requests like “Fleass send me
tha index for port. Thank vou." from people who do
not realize they are talking to a program. Usars
somelimes submit & single request on the subject
line of the mail message, so a "Subject;” prefix is
also allowed. One usar even sent "send index 4 port”
£0 4" is & synonym for *for”™ and “from." (This is not
such an unreasonable mistake, zsince the instructions
are often given orally.) However, we make no af-
ternpt to accepl arbitrary Englizh input.

We chose this mode of interaction via electronic
mail, keeping the intelligence locel to the cantral
deposilory. bacause mail is at prasent the only ubig-
uitous data-communication service, We considered
pulling an interaclive program at remote sites that
would communicate by mail with the depository,
That waould allew a better dialogue [“Do you want
that in single or double®™), but would be difficult 10
writa in the necessary portable way,

COMPARISON WITH OTHER SERVICES
The netlib service provides its users with features
nof previously available:

# There are no administralive channels to go
through,

* Since no human processes Lhe requast, it is poesi-
ble to get soflware at any fimea. even in the middle
of the night.

* The most up-to-dale version is elways available.

* Individual routines or piaces of a package can be
abtained instead of 2 whole collection. [One of the
problems with receiving & lerge package of soft-
ware is the volume of material. Often only a fow
routines are required from a packege, yet the
malerial is distributed as a whaole collection and
cannot easily be stripped off)

On the other hend, netlib iz simply a clearing-
house for contributed software and therefore subject
to various disadventages that have plagued such
projects in the past. The only documents, exampls
programs, and implementation tasts are those sup-
plied by the code author or cther users, Also, there
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may be multiple codes for the same task and ne
help in choosing which is best. We have mede an
effort not to stock duplicate copies of machine con-
stants, bul in general we have left submilled codes
untouchad,

In summary, we are not ewere of any comparable
software distribution service in exislence. A number
of systems bazed on netlib are in development, such
as the Archive Server toal an SIMTELZD at White
Sands Missila Range and the benchmarking effort at
the Mational Bureau of Standards, Gaithersburg,
Maryland. Our system has a different focus from,
gay, the Quantum Chemisiry Exchange. and & more
convenient distribulion mechanism, Furthermore,
wo are mora selective than many personal-computer
“public-bulletin-board™ systams: We do not allow
users Lo put their own software automatically in the
collection. (We wish to avoid having our compuler
confiscated as a result of someone posting a stolan
charge number.)

The main cost of running this service is for com-
munications. If it becomes necessary, we will re-
quire uncp wsers o call the hosts to pick up their
return mail so that such costs are distributed feirly.
Al an evarage of a few requests per day, the traffic
has been small enough to impose 2 negligible load
on the host systems. Disk costs are controllad by
discarding files that the host administrators are not
themselves interested in keeping. The current col-
lection occupies 57 Mbytes. Most important, the hu-
man costs for maintaining the collection are modest
and consist mainly of collecting software. We do not
zee how we could run such a widely accessihle and
low-overhead operation if we had to charge for the
sarvice—and we are nol interested in doing so. [See,
however, [1] for a description of the Toelehest elec-
tronic ordering system. One problem mentionad
thare is that users want o see damonstrations of
software before purchase.)

HOPFES FOR THE FUTURE
There are several areas where we would like to see
natlib expand:

» Editors.  The coverage of netlib obviously will
tend to reflect the interests of the collectors, so we
would welcome “associate editors” to augment the
collection.

* Deposibories. At prezent there are just fwo distri-
bution sites. Mail delays would ba reduced if ma-
chines on other networks or in other countries
were willing to also serve as depositories. [On the
other hand, il is difficult even to keep twao loca-
tions in sync!)

o Mew collecfions. The software that netlib uses to
reply to mail is itself available from netlib, o it
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wionld be fairly casy for individuals 1o, say, an-
nounce a service for searching a bibliography that
they had collected,

Metlib cannot replace commercial software firms.
We provide no consulting, make no claims for the
quality of the sollware distributed, and do not even
guirantes the service will continue, In compensa-
tion, the quick response time and the lack of bu-
reaucratic, legal, end financial impedimenls encour-
age researchers to send v their codes, They know
that their work can quickly be made available to a
wide audience for testing and use, We hopa natlib
will promote the use of modern numerical tech-
nigues in general sciantific compuling.
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