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ABSTRACT

The process of gathering, archiving, and distributing compuler benchmark data is o
cumberseme task usually perdarmed by computer users and vendors with little coardi-
nelion. Maost importan, there is ne publicly available central depesitory of performaonce
daio for all ranges of machines from persenal computers to supereompulers. We
present an Internel-occessible performance dofabose server (D3] that can be used to
etract current benchmerk data and liferature. As an extension fo the X-Windows-based
user interfoce (Xeellib) to the Metlib archivel system, PDS provides an on-line calaleg of
sublic domain computer benchmarks such as the LINPACK benchmark, Parfect
hanchmarks, and the MAS parallel benchmarks, FOE does not reformat or present the
benchmark deta in any way that conflicts with the criginal methadalogy of any particu-
lar benchmark; it is therehy deveid of any subjeclive interpretolions of machine parfor-
rance. We believe thet all branches (research loborataries, acodemia, and industry] of
the general compuiing community can use this facility to archive perfarmance mefrics
and make them readily ovailahle to the public, FRS can provide o more manageak:le
approach o the development and suppart of a large dynomic datoboze of pullished

_u;.ch:_:.rrnﬁnce metrics. © 15774 Joka Wiley & Sons, b

1 INTRODUCTION

Given the current evolution of computer hardware
technology, computer vendors are consistenily
I.:lt'('ll.l-l':'i“_E e acdy ;3111"1"'(! '..'l_'T‘:-i-IIII.'i Ilr‘I'II.I:':l'l."':I'Il I -
chines as well as intrivlucing new archieciures
that enn coause higlli.fil.:-:t]'ﬂ INEFEIAES 1L AYVELETT [
farmance. This -:.--.g-|||i|'|_;_;]:.,' exporeniinl grllw't|1 in
machine performance is pecompanied by new va-
vieties of computer benchmarks 1o wack this
srowth, | il recendy, serial benchmarks [ 1] have
heen the primary available measures of processor
performance. With the advent of parallel beneh-
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marks [2. 3] the complexity of benchmark acqui-
sition and presentation will certainly inerease. For
example, classifications of parallel benchmarks
mey be based on communication charmcteristics,
processor utilization and load balancing, data lay-
out or mappings, and even parallel 170 con-
struets, Henes, the number of varadions of a sin-
gle parallel benchmark program can be large. The
ahility to store, organize, and disseminare credible
commpier Lbenchmark data is of AR LR AT RA im-
portance il we are 1o categorize the perfformance of
computers ranging from laptop computers (2.9,
Apple Powerbook) to massively parallel machines
g, Thinking Machines, GM-4].

..I-Ill' 'Ilﬂ"l'l"::'l'l::l:l-'l.l:l':'!' |Ii.|.[-C|.E:|-“:"\-|.'\' BEMYET E'lll:llh': l"IE"-'I"I'
oped at the University of ‘Tennessee and Cak
Ridge MNational Laboratory is an inital attempt at
performance  data management.  This  on-line
database of computer benchmarks is specifically
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designed 1o provide easy maintenunee, data secu-
nity, und dara integrity of the benchmark informa-
tion contaimed inoa -!|:|'|::|:|.|::|:|:il.: perlprmonce dara-
basc. In Section 2, we Jrl‘i1"fi}' discuss some of
the presentation formats currently used  for
benchmarks: we also give a short description of
Kuetlib '4 which supports PDE, In Zection 3,
e Lll:-.fllh-n foaar magor categories of benchmarks
that we consider appropriate for PDS. The design
anel j]'.l'l[:ll.l."'!]]!":l'll:-'ﬂiilll ol PIS arc presented in Bece
tions 4 and 5, respectively; illustrutions of sam-
ple IPI¥3 queries are also provided in Seciion 5,
Section O comprises a brief SUNIMATY, 8 preview
ol fature work, and instructions  for acuiring
PD=.

2 BENCHMARK PRESENTATIONS

Currently there are ns moany presentation formats
ns there are benchmarks. Any PDS must he able
e present a variely of benchomark formars, and Vel
stundardize the acmal storage of them. As an ex-
;iu]'||a-|1'. consider the dilferences in the LINPACK
and Perfect benchmarks.

2.1 Extremes

The LINPACE benchmark | wzes thres num
bers: i = 100 Milops,® no= 1,000 _"l-”l_l:rl_l:-:. arcl
theoretical peak ].H.‘l'f'l::ll:'l:tlal.l:]-::-e:. The first taro nuem-
bers reflect the solution of linear svstemes of order
1000 gnaed 1,000, l'l.":-:|:ll."l:!1i'|'l."|.:|'. Thearetical [reik
|:-|"I:'f-::l.|'1:|'|-:u'|r|‘ 15 delined as the absaolute upper
bound on performance that is enforeed by archi-
tectural limirs.

The Perfect benchmarks [6] are very differen
from LINPACK. Perfect is o set of 13 scientific
application programs [over 30,000 lines of For-
tran-77) that are 1o be singly executed and mea-
sured lor elapsed CPU time and Milops. The per-
formance of each of the 13 programs con be
reported from an unoptimized (baseline] or apai-
mized run. Hence, there can be a8 many as 52
numbers produced for cach machine configura-
ticn considersd.

LINFACK and Perfect are just two examples of
the lllg!] 'p'El.t'i.ﬁl‘:lilil:-.' in benchmark PIrESeTILELLIGE,
Monetheless, these presentation formats are de-
rived from the Very nalure al the benchmarks
themselves and should be preserved at least in

* Millione of E|x1n|L||F-|-<||||| |_||_||_lr¢|i|:u|1 per sermnd .,

pare, Indeed, from o databazse user's prerspeetive,
it is desirable for any user interface w a bench-
mark collection o retrieve and present data in a
way consistent with the benchmuork’s original de-
sign. That is, performance interpretation by the
interfaee should be minimized and left o the user.

Ta this end. we have designed PDE with o sim-
ple abular format that invelves displaying the
dota in rows [machine configuration] and columns
[dara, resulis, statistics, ere. . Lrraphicol represen-
tations of tabular daa. auch as the representalion
by SPEC [7] with the SPECmarks, are straightfor-
ward,

2.2 Xnetlib

The MNedily software distribution SVELCI Eain-
e at the [ niversity of Tenneszee and Ouk
Ridge Mational L lll':ll:ilfi'llli.ll:"n- has been in deve |u|r-
ment lor several vears and hos establizhed a lare:
database of seientific | nurmerical | soliwore and lic-
erature. Nedib has over 120 different software 13-
braries, as well s hundreds of aricles and biblio-
graphic information.

'::'t'l"'l.l:il-l-”'-- Nethbh software libeary aceess in-
virly wl the use of electronie mail to form and [arve-
cess queries. However, in 1991, an X-windows
interface, Xnetlib, was developed by ]_':h::ut]-'r-'.:tuu @l
al. [4] in order 10 provide a more immedinte and
efficient access to the Netlil software libraries. To
date, there have been over 3,200 requests lor the
Knedily tool, In tum, the number of Nedib -
sitions has also escaloted, In fact, there wers over
8,000 Xnedib-based tmnsoctions and  over
150,000 electronic mail acquisitiona from Nedib
i 14949 alnne,

Belore discussing the design of PDS within the
Meetlily ool we hl!'ll:“ﬂ‘. -:J-:Iﬂﬂ.r'. maony of the most
[rerpualar benchmarks used mdaw

3 ATAXONOMY OF BENCHMARKS

Following the classification erginally discussed by
Berry et al. [8], we examine benchmarks from two
perspectives: tvpe and use,

3.1 Classification According to Type

Although there are numerous performance met-
rics, we classify them into four major categories, or
types: synthetic, kemel, algorithm, and applica-
(TS



Synthetic Benchmarks

Synthete benchmarks are ool representative of
any real computation: rather, they exercise vori-
ons basic machine functions. [0 one, a Jr:i-:.'kal.;.-.'l.’“
writtenn by Hill MNoreon  (norcon_billi@andem-
«comj, praimarly tests disk throughput by
esting”’ the J'\:"!Hl:'IiI'I._E and wriling al very large data
files, Dhryvetones and Whetstones [1] are exam-
|'|-|-|"-| of one l'-EIl:.lI'IIII.II svothetic benchmarks thai
are rarely nsed today, Dhrystones were desi igned
o atreas integer performance and use many string
operntions, Whetstones consist of ten modules
that perform a varety of numerical computations
such that o signilicant portion of run-time is spent
in mathematical library routines and rigonomer-
rie functions, The use of Whetstones 12 on the de-
cline because they prevent vectorization and vari-
oz compler- based optimzainens,

“etrees

Kernel-based Benchmarks

bernel-based benchmarks contain sections, or
kernels, of o sample :1Jr|:-|.i|::|li.lr||. code. A Ial.l'_:_’.l." li-
brary of routines with many different functions
|:||_|_|:.'.|:-|_-. charactensed |‘:-:r a amall code :-'~'.’|I'|1|:l|.l.". Ar
example might be a loop that is processed millions
of times in the apphieation. The Livermare I.-I:H:l]'.l-*:i
91 are representative of this type of benchmark.
These henchmark programs contain intensive
floating-point operations; s, as is typical of a
kernel benchmark, they stress a single functional
unit of the hardware,

Algorithm

Algorithm-based benchmarks are implementa-
g of well-defined alrorthms that vary .*-|if__f|'||['_|.'

Talble 1,
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over different platforms. Algorithms that have
been optimized ore implemented o that opa-
mized [ormat. Because of the large number of
operations  tvpically  processed, however, amall
variations specific implementations or ma-
chine-speciiie calls can be masked in the oo vum.
Thus, barring new optimizations or radically new
approaches,  these Lenchmarks give consistent
measures of [:ll::]'rl:il'[llkllll'.'(' OVEET VELTLONLE [Jl'.”.['“nnh
and implementations. ]-“.:».':mel-r'-. of algorithm
benchmarks are LINPACK [5], Slalom [3], and
the WAS Forran kernels [10].

Application

Application benchmarks may be complete som-
ples of engineering. scientific, or business applica-
tiong, These applications tvpically stress severnl
functional groups of the hardware. The Perfect
benchmarks  |[6] ore exomples of application
benchmarks. This benchmark suite comprises 13
different scienubic and engineering applications
that can be run in predefined confisurations.
Such benchmarks are ezpecially interesting o sei-
entists whose research may t]n-—LIT resemble thar
micdeled by che henchmarks. r".E|]||:|-:‘:.|.[|-:'ll'| hen-
chmarks are the closest performance estimation to
actually running a real engineening application on
candidate hardware.

3.2 Classification According to Use

Benchmarks can also be classified by their use
(g Table 1) o an stiempt 1o describe operating
environments and 1o address performance con-
cems within such environments, Some bench-
marks are indicative of workstation or personal
computer (PC) environments, wherens others are

Classification by Benchmark Uze

Taurget Machines

Benechrmark Supersom e Perpheral
MaTie Workstations S PCs Parallel Computers Lievices
Linpack X X

Trerfect M

SPEC X

I ane X X
Dthrystonaes A

Livermore Loops X M

Alalom X X

Flaps by

W hetstones x X

MAS paerallel A
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intended for mainframes or supercomputers. The
nl:ii"_l.'ﬁmneﬁ._ for example, wiere dr_-s:g]]:_'.-ll ey teEt in-
teger performance, spend significant time in siring
operations, and are therefore considered maore
representotive of o workstation environment. The
MNAS parallel benchmarks [2], on the other hand,
are intensively porallel and considered represen-
tative of a multiprocesaor sysiem environment,

In general, however, peripheral devices and lo-
cal arca networks (LAN:) generally lack adegquae
benchmarks. One notable exception is the 107 one
benchmark, which could be elassified as a periph-
eral benchmark because it tesis the disk perfor-
mance and I/0 bandwiddh. Given the growing in-
terest in distrbuied PrOSTIImIng cnvironments
such as PYM [11] and Linda [12]
benchmarks for homogensous and heterogencous
networks of machines in the near future.

L WE AN

4 DESIGN OF A PERFORMAMCE
DATABASE

Because of the complexity and volume of the data
invilved in a J‘:-lﬂ.rf-ell'lll.'nll_'.l_*. database, it is natural
toexploit a database management svarem (DEMS)
to archive and retrieve benchmark dota, A DBMS
will help not onlv in managing the data, bur also in
assuring that the varowus benchmorks are pre
sented in some reasonable format far usera: able
ar !-'\-I.'.II:'I'!!'I.I".‘\-I‘II'!I!'I where machines ore rows and
benchmarks are columns,

Of major concern 15 the orgamizstion of the
dota, It seems logical w organize data in the
DEM= el.l.‘:-:‘:-:'u'-:lil'l.!_' 1o the benchmarks themselves: a
LINPACK table, a Perfect table, ete. It would be
J'|1.‘:'|I'|‘:.' 51]]]H‘|:-F~i|:-|.|1 1o loree these very clilferent prre-
sentaion formacs o conform o s single presenta-
tion standard just for the sake of reporting. Indi-
vidlual tables preserve the dizplay charncierisoes
of cach benchmark, but the DEMS shouwld allow
wzers o gquery oll tables For various machines,
Loading benchmark data into these tahbles is
sirightloraard provided o costomized poarser 1=
available for each benchmark ser. In the parsing
process, constructing a raw data file and building
a standard formar ASCI file eases the IneOrpEITa-
tion ol the data inco the database,

The functionality required by PDS is not very
different from that of a standord doatnbase ap
phcaoen, The difference lies in the aser inter-
face. Financial darabases, for expmple, tvpi-
cally invelve specific querics like EXTRACT BOW
ACCT_MO = R103048, in which doto points are
usunlly discrete and the user is very familiar with

the data. The user, in thie case, knows exacly
what account number 1o exiract, and the formar
ol retrieved data in response 1o queries. With our
performance database, however, we would expect
the comtrury: The user does not really know (1)
what kind of darta is available, (2] how to request/
extract the datn, and (3] what form to expect the
returned data. These assumptions are based on
the current lack of coordination in (public do-
main) benchmark management. The number of
benchmarks in vse continues o fze with no stan-
dard format for presenting them. The number of
performance-literate users is inereasing, but not
at a rate sulficient to expect proper queries [rom
the performance darabase. Quite often, wsers just
wishy to see the best-performing machines for o
particular benchmark. Hence, a simple rank-or-
dering of the rows of machines according 1o a spe-
cific benchmark column mav be sufficient for a
general user.

Finally, the features of the PINS wser interface
should include the ability w

1. Extroct specilic machine and benchmorck
combinations that are of interest

2. Bearch oo muluple keywords neross the en-
tire datasel

3. View cross-referenced popers ond biblio
graphic information about the benchmark
itzelf,

W inelude (3] o the list above to address the
concern of proliferating numbers withour any
benchmark methodoloey informagon, PES would
provide abstracts and complete papers related o
benchmarks and thereby proside o needed edoea-
tional resource withour risking improper interpre-
tatian of retmeved benchimark oo,

5 PDS IMPLEMENTATION

In thiz seetion, we described the PDS ool devel-
TELE areed maintained ar the L niversicy af Tennes-
see and the Oak Ridge Natonal Laboratory, Spe-
cilie 1opics include the choice of DBMS, the
clicnt=server design, and the interface, Specilic
features of PS5 such as Browse, Search. and
Rank -0rdering are alsa illustroted,

5.1 Choice of DEMS

Benchomark dotn is represented by Hoble's RIMNE
format [13]. This database query language offers
several sodvoncages, [0 ensy 1o manipulae. It s
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Table 2. RDB Format*

01 Computer 33
0y O/ Compiler 45
03 =100 T
04 MN=1.000 ™
05 Peak ™

* The first column is the ficld pumber, the seoand & the
fiekd label, and the thivd k= the Geld wvpe, in (oype-size) formmag
The defaul forn is ASCHL and Y denotes aumenc dacn so thae
the Feak entry, for example, is a size T nuwmens field,

also efficient, being hased on a perl model [14]
thit uses Unix] pipes o run entirely in memaory.
We have easily converted raw performance data
into RDE format using only a few perl commands.
Additionally, RIDB provides several report featres
that help standardize the presemation of perfor-
mance data. The RDEB format specifies that data-
hage tables are deflined using a schema of the form
showe in Table 2.

The contents of the data files are expected to be
in some regular grammar, usnally a space-sepa-
rated columnar formaot. A perl seript takes a de-
seription of the columns and builds o tab-sepa-
rated file. The converted 1o a
tab-separated file using the RDB command head-
cfyr, The data files are appended o the end of the
schema file, and the resulting flat 1ab-separated
file becomes the mdl formar table. RDEB uzes the
sehema in the header to process the Ole. Ao exam-
ple From the |i||.E|e|.l.:k.|'-:'||..l i |‘a-l'l’.l‘.'i1|.l.‘:l'.i baelow,

sehema 18

Computer 05 /Compiler N=100
35 43 TH T TN
CHRAY Y-MP CO0 (16 proc. 4,2 ng) CETT 5.0
CRAY Y-MP CO0 (8 proc. 4.2 ns) CF77 5.0
CRAY ¥-MP C2Q (4 prog. 4.2 ns) CFTT 5.0
CRAY Y-MP C90 (2 preoc. 4.2 ns) CF77 5.0

This ridb able may then be searched for query
matching. An example query lor a Linpack
b hmark wich =100 number cgual to 5858 s
| row N=100 &g 388 | pthl

cil |i||E|.'|.-:k.|'v:||:.l

and the benchmark remarned is

Computer

CRAY Y-MP C80 (4 proc. 4.2 ns)

+ Unix is a trademark of A'TET Bell Loborziories.

05/ Compller
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5.2 Client-5erver Design

Within PDE, the database manager runs only on
the zerver, and the clicniz communicate wvia
Berkeley sockets to attach (o the server and aceeas
the database. This functionality was provided by
the preexisting Aneldib tool and was extendead 1o
provide support for the performance data. Figure
1 illustrates this client-server interface.

The Xnedib client 15 an X-Windows interloes
that retrieves data from the server. This client is a
view-only tool that pn_‘:-vi.llta:'-: the wuser a window
into the database ver prohibics dets medifieaons,
The Performance button under the main xnedib
menu will provide vsers pecess w the PDS chani
tool. Users familiar with Xnedib 3.0 will have an
casy transition to using the PDS performaonce
cligm.

5.3 PD5 Features

PDE provides the [ollowing retrieval-based func-
tiona for the user:

1. A browse feamure to allow casual viewing
pnd poani-and-click navigaton I|:].|‘\-:'.lu;_‘:'J'| the
database

FA sereeh Tealure 1o [reEromil |:'|:'ll:1]li|‘:-|r‘ kl.':‘:.-":'.'l.'rl'fl
searches with Boolean conditions

3. A randi-ordering feamire w sort and display
this resulis for the user

4. A few additional featires that aid the user in

N=1000 Peak

-Zp =Wd-e6B 479 9715 15238
-Ap -Wd-edls 468 S994 TE1D
-Zp =Wid-e6B 3588 3272 3810
-%p -Wd-edd 28T 17049 1905

acquiring benchmark documentation and
relerenees.

Figure 2 illustrates the PDS start-up window
that appears after the user selects the Perfor-
mance button from the Xnethib 3.3 main men.
The wser then selects from the six available ser-

N=100 N=1000  Peak
CF77 5.0 =Zp -wd-e68 388 3272 3810
vices (Rank Ordering, Browse, Search,

Save, Papers & Motes, Bibliography).
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FICUBRE 5 Bample data retuened by the PDE Browse feilice

i) Prarforeance Dacshitn SErver
G U] [EIndex] [Library| [ClassiFications] [Search] [whe] [Pownioad] [Set us]
[GTinely Kossaze| [Conferesces| [Ferforsance| [Shew in hie Window| [fontedus] heip] [Weip]

Kemilib 3.8
“Rank Ordering || Eroves |[ Search |[Seve][Fapers & Metes| [BibTivaruciy]
Beolean search tyee: [or] ] tommand set:  [clear disploy|[clear search tield
search string: [rlen £50 Vinpack Porfocy | press retum. ..

PerToraascs Datshite Lemrch ;

To scarch che 1 The perloraanc: dalalaoe glade mbler a
ey or series kewwvords ond Esolean search Cype.  Topi €ralurss
tn begin the search.

elear digplay = ¢leard the oufpul vindsw and pregares {1k For 2

e mizmrch PRl

clear search Fleld - resets the search strisg to mull.

Toarch iaforestion: :

truly a Iceral search over all tha data. By selectieg "sed” che
returs results ore DMLY records matchicg ALL Bevs, Ta oelecring
"or' the return resalts are ANY records satching AWV kev.

Please MITE! The gearch Tacli18ty allowd viers B0 PUTLD wp query ress] Es
Trod Plsries qulti 1n the taes soree fad Then L theo,
To clear the search results select "clear display”.
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FILLKRE 6 Specifving a keyword search using the PDE Search facilin
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{Go bl (@ Index| [Library| [Clessitications] [Smrch] (] |

i |Sat tn)

B Timmly e

| [Zonferenees | | Perforasnce | | S in bes Wedow| |Contestual Belp| |Help)

inetlib 3.4

e P

|_Eank grdering || Ermess || Search |[Sees|

Booloan soarch type:  [or] [ERE] Coamarsd Sot!

|Pq.|trs 13 r-urt-:||l:ihl1qr|||-,ir|.-i

[clear dispiay|[clear search teid)

zoarch string: [rFlos 550 1inpedk Perfoct

| press Fatuem. . .

REesults Fron Linpack Benchasrk notes:

: o Lineack Perforsace Repast
testar 1 1933; Jack Dongarrs dongasrakos.
Uelwversl oy of Temeriies Knoxwllle

s/ Comed ler

H=1000N 1605)  We1000

v, &1 x51F
v, 5.0 1T

Results Fron Perfect Benchaask et

1 -F -
=i =P

TE
TH

o5
Lk
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L

o Perlect Clubs Report
Jan 3 1553

[ve Schineddar

wchon iz rd, ui uc. poy

1EED VIV 111 inofs

Ta review hibliography

MOEL Lecat] on e

ST =550 WOSA
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As denoted in Fipure 3, the Hank Ordering
[

option in PDS allows the user o view a listing of
machines that have been ronked by a |r:1|'|i|'||.|.:||'
perlormance melrie suen as megaflops or elupsed
CPU dime. Boch Bank Ordering and Papers &
Motes oplions are menu-driven data access paths
within PD=,

With the Browse facility in PDS [see Fig. 4.
and bhench-
mark(z] of interest, then selects the largrs Process
button o guery the perlrmanee datalbase. The
P& client then OpCns & accket conneetion o the

the user frst selects the vencdar s

L] I'l\.”.l. ; IE=

£
motely fqueries the datsbase. The formot of the

server and, vsnge the gquery langua
returned result is shown in Figure 5. Notice the
cilumn |:|-.'::-.|i||g:-. which will vary with each
benehmeark, The retamed dans 1= |:|:':-|.-|:|:.-e'l|. a5 @n
ARCIH widger with serallbars when needed,

he Search option in PDE is illustrated in Fig-
wres & and 7. This feature permis ||.--e'|'-:-|.u'l.:j:|j-e'-:|
kevword searches over the entive performance da-
I:_|}.'-:_|-'r'. saarch wilizes lieral case-insensitive
matching along with & moderate amount of alias-
ing. _"r]|||_|_'_:._|]|:' keyvwords are permitied, and a Bool-

ean  llag is provided for more complicated

th uzing the PDS Search facility

searches. Notice the selection of the Boolean And
option in Figure &, Lising Search, the user has the
option of entering vendor names, machine alinses,
benchmark names, or specilic sirings, or |..l|:'l:-|'|.|.h.:-
ing a more complicated Boolean keyword search,
The henchimarks retarned from the Boolean And
scarch
rios 5350 linpack Perfect

are shown in Figure 7. The alias terms riag 3510
are aasociated with the ITBM RSSG000 Madel S50
serics of workstations. The specification of fin-
_||.:-r.'r'.l'\.' anl .""l-'r_'.":':'l'l' will lirman the search to the LIN
PACK and Perfeet benchmarks only. Sinee any
retreved data will be dizsplayed o the sersen (by
default], the Save option allows the user o suore
any retrieved peclormance dota i on ASCH Ale

Finally, the Bibliography option in PDE pro-
vidles a st of relevant monuseripes and other in
formation about the benchmarks.

6 SUMMARY AND FUTURE WORK

The PR3 provides an on-line cacalors of available

}.lulrli-:' domain |.ll.:1'fl'H'|'|'|:1|'|l'l' metrica. Built as an
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extension o Xnedik, PDS provides multiple views
e o dynamic set of data using a simplilied user
interface. As an objective reporting medium, PDS
allows users to make machine comparisons based
solely on [lell-'[ir-|ll‘.|:| benchmarks, which miay have
a variely of presentation eemaois,

Future enhancements to PDS inelude the use of

more  sophisticated  mwo-dimensional g|'2'||.|hj-::.-|.|
displays for machine comparizons. Additionnl sc-
ral and parallel benchmarks will be added o the
database as formal procedures for dua aequisi-
iy are determined.

To receive Xneilib with PDE support for Unix-
hl'l-ri(:fj ma-'I.I:!IiIH_‘:!i. :;il_"'l]d I:|'|_|"' L'!]ggg'ln':.r“.:l ]]]uil_ es-
sage  send  anetlfib shar  from rnetlih 1o
netlib@ornl. gov. You can wrshar the file and
commple i I_;-:,- answering the wser- prompaed guoess
tions upon installation. Use of sfor will insiall the
full funetonslity of Xnedlib along with the lagest
PDS elient tool, Questions concermmg PDE should
be sent o utpds@es. utk, edu. The Universicy
of Tennessee and Oak Ridge National Lahoratory
will b I'l'.'biFll::lﬁﬁ-iI.'.l[ﬁ Fosr raihie rjn__r_: and archivinge ud-
ditional (published) benehmark daga,
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