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VAD4ATN: A ttAlltE2tATICALSOP’WARS LIBRARYFOR THE VAX

W. Robert Solar.d, Jeff chow, Josephine R. Ford, Andrew B. White, Jr.

Computer Reoesrch ●nd Applications Croup
Los Alamoo National Laboratory

Los Alamo@, New Hoxico

ASSTRACT

VAXW4TH ia ● large collection of mathematical cofcuare
for theVAX, bssed in Isrge part upon the SLATSC
Libraty. Routines in the library reprcsmt the state-
of-the-art in numerical mathematics ●nd have been
thoroughly tested. ‘he library io characterized by the

inclusion of many ●ss~tmuee routines, the uae of ●

standard error handler, ●nd machine reedable documenta-
tion. Specific information on how to obtain the soft-
wmre is ●vailable.

INTRODWTIGN

Over the last few yeare, the VAX hae proved to be
a very popular computer with ●cientiatt ●t the Los
Alamos National Laboratory. AC theoe m=hinea ● re

used more and more for scientific computation,
fundamental changea have been requir~d in the
mathematical subprogram libraries. In this paper

we will not only diacucs the development of
VAXNATli, buc will trace the acquisition of the

current collection of mathematical ●oftware ●veil-
able at LOS Alamoa. We will diacuaa the opecific
impact of shorter word length machines on our com-
puting environment ●nd deocr{be some of the diffi-
culties ●nco,Jntered in ●ctllally building ● mathe-
matical subprogram librs~ for use on th~ VAX.

Infotnution will be given on how to ohta{n the
software, ●nd the svailable documentation pr’ograma

for the library will be discuaaed.

VAXMATH

VAXt44TH is ● portable mathematical ooftwara
library currently containing approximutoly 800
routinae writtan in Fortran. Although ita usage

io intendad for VAX/VNS, it will run with minor

alterations on other oparsting ayttema.

The current veraion of the library ha. ro~ltinea in
the followil]g areaa:

Araa

Sp~cial frunct{ona
Baaic L{naar Algabra
Linear Equationo

ltigerrvaluaa/Ci&tanvcctors
Nonlinaar Fquat{ona
Quadrature
Inlti@i Valuo Problamo
Poiaoon’c Equation

Intewolation ●nd Approximation

Origin

FNLIB
BLAS
LINPACK
gISPACK
W NPACK
(/UADPACt
f)XPAC
PI SNPACK

Efforts continue to lncraaae {he number of rou-

t{n~n in all ● raaa nf mathemst[cat c-putatlnn.

Niatoty.—

Fnr yeara, a mathematical aubprngram library haa
I,oen hunt for each uorkor crrmp,,tc~ {n the Central
CompolinR Farility (CCF) at LOO Aiamoo, ttach

library wac provldad an ● binary puhli: fit., ao

that ●ach individual user vaa freed from the tank
of conq,iling theac baaic mathematical l~tilitiesi
By late 1979 the number of VAXe# and VAX ugage had
increaced to the point that the Loa Alamoa VAX
Local Uaero Group recoamanded thst ● aimiinr
mathematical library be made available on thr
VAX, At that time the sourca waa being col]ectvrl

for the SLATEC Common Mathematical Library, nr,
naturally it was uaad ● a the foundation for
VAXMATH .

SLATEC

SLATEC (&andia, ~oa Alamrm, Air Force Weaponn Lnh-
orato~ ~echnical ~xchango $ommrittc@) wan formed
{n 1976 by ropresentativaa of thn computinR grouprn
of Sandi# National Laboratories, Albuquerque; LOS
Alamoc National Laboratory; and .he Air Fore?
Waapona Laborato~.

SLAT8C .aa o~aniced to foster th? axchanKe of

tachnieal information among ittmembnra. To
●ccompl{ah this purpose, oubconenittecc with
tpeciflc charters ware ●stabl{ohed, CmQ(r the
fi:at of thaae waa the Common Methamat{pal Library
Subcmreaittac, uhlci~ in 1977 adopted ● propoonl to
d~volop ● cotmnon ●athemat{cel library.

‘,’he or(ginal three mawberti of !ILATZC have h?@I1
jo{nedby Sendia National Laboratories, l,iv~rmoro;
Lawrence ‘,ivarmoro National Laboratory; and
National !tatnetic ~,.{on gnr~y Cnmput?r Contor.
In ●ddition, Urion Carbide Corporation (Oak Pidgo)
●nd tha Nat~emQl Suraau of Standardq ar? mnmhera
of the Mach tiibrary Subcomenittta.

Tho StATflC CommaonMathematical Library waa to
~rovi(a ● aat of mathamat{cal oubroutinra, utitt~t~

in ?o~tran, to ●id in tciantific compwtil,g at tho
part lclpatl~ laboraturieo, Coals for :h? llhrar~
inaludnd portabll{ty, good numarical tochnoloRy,
robualwaa, ~ood pro~rawaing atyia, oniino doe~l-
mentat{on, .snd careful tnatlng, M\rnn dcve)npmont

of th~ library started, thare wcra aoveral frco,
high-quality aoftwara packacco availablot A
numhor of these were ●ada a part of the Iihrurv.
than this software did not conform to t.ha uner
intarface ctandarda that had boon •ttahli~ltdd by
tho aubcoeee{ttoe, ●sey-to-uaa drivora ware added
rather than tha oris{nsi codes bmitrR modifi~d,
t%. ) ~rary haa routioeo in th~ aroan lin~ed pre-



viously. That limtshowo the origin of come of
the routinee. Icr come computing ●nvironment., ●ll
of the Arrsi 77 mathematical intrirreic functiono
(SQRT, SIN, CDS) ● re not vender supplied. The
SLATEClibrary ●lso containe ● filt of these
rrwtineo written in Fortran.

In 1981 ● preliminary version of the library vam
distributed to ●ll SLATCC eitee, ●nd in April
1982, the first official version of the library
was sent to member site, ●nd to the National
Energy Software Center (NESC) for further dietri-

. bution. For more information om both 9ATCC and
the SLATCC Conrnon tiathemetical L{brary, sce
Referenca3 (1) ●nd (2).

lUPACT AND !NSTAL5AT?ON

A major activity o? marry scientiate ●t Loe Alemoe
ie the mathematical modeling of phyclcsl proc-
estes. For this reeeon the Cantrml Computing
Fecility haa developod ●round ● core e ~upe~
computers, tha workhorse today baing tha Crmy-le.
Originally the m~themutical librarieo, including
the SLATZCCournon lfathematicel Librery, ware
detigned for ute on these large #upercomputerc,
generally charecteriged by long word length (6o
bi~o or more). As this computing capacity wae
augmented by distributed proceceoro, mainly VAX

f~mily machines, it became necese~ry tornake come

chsngee in library philosophy. At the came time,

the VAX hse geined popularity emong other
Department of Ene:gy leboratoriet. Thie feet
influenced tha continuing davelopmenc of the
SLATl!C Common Msthematicsl Librery.

Im&ect of the VAX on Nethemat{csl L{brary

Dtvolopment

Usc of thu VAX for aciencific computing presented
thv Nbtheerttical Librtry Subhommlttee wlt!r ●

probl~m. It was deaided that routineo ehould be
cvetlable that gave the oeme ●ccurtcy on theee
mechines at computation. 4one nn cupercomputerc.
Bece~oe the VAX has ● 32-btt word, double preci-
~ion ,:ounLtrparts of ●ll eingle precision routine-
uqre tequired. By 1980 contributors to the ~’CftC

Conenon Hcthcmatical Library ware ackad to eupply
both single ●nd double ptec{slon verelont of the
routinet submitter?. Of tha ●lmoot 800 rout{neo in
VAXM4TH, approximately 170 ● re doubi~ precision,

tnd uo ●nticipate that more will be ●dded.

All of the rout{nes in VAXK4TN hava quick-check

oroarnmo th!t provide ●dequatc, but not exhaus-
tive, teet.. Nerryof theee were ori~fnelly
arittcn for boe with the BLA7’SC library @n& feiled
when f{ret rul~ on the VAX, This failure Wae
almnet elwaye due to error constartts ucad for

comper(son in t+e teat codes by *skins for iO to
II diaito of ●cturscy. ‘f?tia ahortcoaing {n the

qu~ek checkt waa overcome by ucirrg eiknif{cenee
teets r+lstive to round-off error. In msny cetee

thlo took the fom of ● rror errnttante like

(round-off ●rror)**O.6.

rhlo kind of chack alto benefited tect{ng on nther
mtchlnao end ei~rriiicautly improved the quellty of

the BLATttC Iibrerv.

Installation and Neintenance

In ~wepari~ the library, most things went
cmoothly. However, in come routines long ● rror
●ecsogec are printed (through the error handling

subro~!inee XERROR or XCRRWV), which require
Nol!erith ●trings to be continued on ●nether

line. Theoe etatementa pracented s problem
becauee the VNS Fortrorr compiler will not count
●ny trailing blanko through column 72 unless they
● re preeerved by a text ●ditor. Unfortunately,
the text editor uoed ●t that time did throw away
trailing blsnkt. To overcome thie problem, the
Nollorith string mvst be shifted 00 that ● non-
blank character it in colurm 72 or t+e blanks must
be padded.

Another problem occurrod while the library wss
●ctutlly beiug tested on the VAX. Any integer
vmr{sble ueed to dimension a veriabl~ length array
● ust be poeitive ●t run time or VNS ●botcs the
routine, Several quick checkc ●nd user-calltble
routines vere found that pa.aed ● norqoaitive
int@8er se ● n ●rray length to ● subordinate rou-
tine, Theee bugs were not discovered etrlier
becsuee oth~r operating syatoms ●t the Laboratory
do not do this run-time check.

origine~ly ● oct of the VAXes were purchased as
etendalone computer- Iocmted et remote sites
●round the Lsboratoty. It soon beceme ●violent
thet thare were ●dvantages to beina connectad to
the Centrel Coaput{ng ?ac{lity (CCF). This

recl{sation resulted in the development of XNET,
eittiq on top of DCCnet ●nd connecting these VAX
distributed proceseore to th~ main computing
fncility, ~ie connection save usero ●ccess to
the workor computers, file etorage, printing ● nd

graphics facilities, ●nd other cervices. In
Decamber 1981, the (hputing Divition ●xtended the
change aontrol procedure to toftvare previdad by

the Division for all VAX distributed ptoce.onra,
M,en ntwor modified ooftware ie aveileble, itt
●ccase on the CCP Conmon File Syttem to restricted
to the VAX oystemmanagore, and the msna~era ● re
reoponeible for ineralllng the eoftwere on their

ayeteme. VAXMATN ic ●loo maintained in this way.
Distribution of VAXMTH ●mong ctendelone VAX*C in
done by tcpe,

D~~~ATION AND DISTRIBUTION

Although not part of VAXIATH, s documantetion
pro~em {s ●wilable for the Iibr#ry and {s
diotrlbuted with the SLATRC source, In tho davtl-
opoent of the SLATttC l{braty, th~ Hathem~tical

Li%rary hubcomittee decided unanimously to pro-
vido mach)ne-readebla documentation. TO do thin,

otendordt for the prologuec and the claoaif{cnt ion
oyotem were ●doptad, A documentation proKrtm wan
written, koyins on the procin~ information in
thoto etendardt, Iloot eubproarems (n the library
eource hed suitable prologuet, ●nd thoma that d((l
not were enpmnded. Specific comnant tctt~monta
vere added to ell iLATEC souman in cornplianco
vlth the ?ollwiru ctandsrd th~t wea tdnptod fot
the prologues for the ucer cellahlo suhprvRra, at



We will further explain three of there catego-
ries. Under W~ATECORY NIMBER ● re one or more
cetegoriet in the Bolctsd claseifkstion cystem
(3), Under &**PURR3SE ● re ona to ●ix lines of
infometion on what the eubprogrma should do ●nd

“ the types of problem eolving for which it wee
deoigned. Under C***DESCRIPTION ● re the progrem
#b#tract, methods ueed, ●rgument deecrfptions,

dimension information, coneultmnts, ●nd othor
pertinent information.

Other Documentation Progreme

Because of the prologue ●nd classification
ttandardo, others have written documentation

progr~ms keying on characterietice in theea
.tendards. Tom Jeffereon of Sandim Nationel
Laboratories, Livermore, ha, written ●n inter-
active online documentation program, MATNDOC (4).
He wrote thie progrsm specifically for the VAX,

using the VAX library facility. &e of our
co-authors, Jeff Chow, ie currently working on ●

portable interactive online documentation pro8ram
using s direct-tccete ●pprosch. Robert Boland,
snother C-aljthOr, is working on ● progrsm to
generate hsrdcopy documentation from th~ online
prologuee. All these documentation proSrams use
the scandsrda set forth for the prologues snd the
claea{ficacion syot~m.

Distribution

VAXMATN is not distributed oeperetely beceuoe it
warn built almoot ●ntirely from the ~ATEC Crmxnon
Mathematical Librsry, Yn April 1982, the official

vernion of the SLATtC library wae sent to the
Nntinnal Energy Software Cvnter for external dis-
tribution. A copy of the 8LATCC tape (PE8C
No. 820) it ●vailable on a oubccription baoie from
NCSC, 9700 Caas Avenue, Argonne, Illinoi* 60439.

At Lorn Alamo@, meet Ierge-eci!le computations will
-till be done on the CCF euptrcomputers, but we
forecae more and more preprocoaoing ●ctivities
hainR done on distributed proceosort. Thuc, we
nwnt provide mathematical routines that run well
on distributed processor and, with min{~l
chan~~t, C1OO run on the worker computere. We
must alto provide routin?o with the came accurecy
ao thoce ●velltble in theCC?. ‘the current
VAXMA~! collection 10 ● velutble flret @tap in

thie diractlon.
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