=12

to collect test problems and subsequently to disseminate them is
placed on experimenters, and for many this is an unreasonable burden.
Thus we come back to the need for some group or institution to be
willing to do this and to advertise the availability of these
collections, so that anyone wishing to test a new idea knows where to
go to get "“good" test problems.

The creation, updating, maintenance, and dissemination of these
collections is a grubby, unrewarding, and expensive exercise,
especially for large-scale problems, not simply because they are
large, but also because they frequently arise in practice, are
proprietary, and must be "sanitized" before they are disseminated.
This could continue to be left to the individual groups or
institutions who, as in the past, collected test problems for their
own use and were willing uncomplainingly to shoulder the burden of
dissemination, but this seems unfair, and in any case, appears not to
work as smoothly as one would like. The recent case of AT&T Bell
Labs'testing of the new projective method is an example of this. It
was claimed that test problems were too hard to obtain, so they used
the only ones they had, wich were proprietary. Perhaps the situation
would have been ameliorated had better collections of test problems
been available or had the existing ones been better publicized.

In any case, one the side benefits of the computational evaluation
(described elsewhere in this newsletter) of the new projective method
that the National Bureau of Standards, the Committee on Algorithms,
and AT&T Bell Labs are planning to conduct will be a collection of
linear programming test problems of a variety of types, sizes,
difficulties, and origins. We are arranging for funding to develop,
maintain, update, and disseminate this collection, and we hope this
will help avoid future such occurrences of exciting performance
results whose scientific substantiation is unavailable for public
scrutiny. Furthermore,we can all hope this is a sign that funding
agencies are now willing to fund more such computational testing and
test problem collection efforts.

-

(1)

(2)

(3)

(4)

(5)
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mathematical programming software, but also a heightened awareness of
the need for careful substantiation of performance claims. It is rare
nowadays to see statements like the following that appeared in the
literature in 1968:

"Since the methods were coded for different machines in different
languages by different programmers, there is little point in giving a
detailed assesment of the results, particulary as so many of the
problems were degenerate. However the results show that ....."
(Underlining added.)

One reason such statements are rare is that algorithm developers have
come to understand that computational testing of new algorithmic
ideas is an important and integral part of the development process
and that this testing is to be viewed as a process of experimentation
not unlike that used in other branches of science. As such, these
experiments should be conducted with the same rigor and following the
same dictates of the scientific method as required of scientists in
these other branches of science. The development of this view of
computational experimentation was aided in part by the publication
(1) of the quidelines for reporting results of computational
experimentation by Harlan Crowder, Ron Dembo, and John Mulvey, who at
the time were members of COAL and were operating under a charge from
the committee and community to develop these guidelines. Since their
publication, a few of the journals of the operations research
community have adopted them (or a variant of them) as part of their
editorial policy. In untold other cases, editors, associate editors,

and referees have privately adopted them to aid in the publication
process.

The essential point I wish to make is that research, development, and
testing in computational mathematical programming is science, and we
all have a responsibility to conduct our research and development
efforts as scientists. This means thorough mathematical analysis and
thorough computational experimentation. It also means that the
published results of this analysis and experimentation effort must be
documented in a manner that allows checking or substantiating the
reproducibility of the results.

=15

We have made a minor study on the effect of only searching
through a given part of the variables. The stochastic
Simplex method (which was the research object of' (2) and
(3)) 1is comparable to always choosing the first negative
reduced cost. We also changed PNET to search through 4 rows
at a time, and finally to search through all the variables.
We can summarize the results in the following table which
gives iteration counts from the worst basis as depending on
the set of variables scanned for lowest reduced cost. The
model in the next to the last column is based on the numbers
in the table, and the last column is taken from (2):

DIMENSION: 20 23 26 45 58 75 | model (2)
1.81 1.83
Stoch. 288 362 472 1198 1986 3186 | 1.25d 1.2 4
1.56 1.57
one row 114 130 204 425 569 945 | 1.07d 1.1 4
4 rows 93 118 146 327 481 693 H.Snp.ﬂ
all rows 69 93 114 267 389 543 | 0.714%°°°

We see that there are big differences in the iteration
counts for the 4 variants, but still they all fit well to
almost the same growth rate. The iteration count 69 in this
table can be compared to the iteration counts 38-52 in (1).
This shows that for this problem size, then starting from an
all slack basis reduces the number of iterations with about
35% as compared to starting in the worst basis.

Anyhow, the point of (2) and (3) was (and is) that the order
of growth of the iteration count for the stochastic Simplex
method is not so much higher than for the usual Simplex

method, giving some insight in why the Simplex method is so
good.

(1) C.A. Haverly: “"The number of Simplex Iterations for a
General LP Code on Network Problems"™, COAL Newsletter
11 (1984), 16-19.

(2) s. Olafsson & P.O. Lindberg: "On the Lengths of Simplex
Paths™ COAL Newsletter 10 (1984), 23-27.

(3) s. Olafsson & P.O. Lindberg: "On the Lengths of Simplex
Paths: the Assignment Case®” Mathematical Programming 30
(1984) ,243-260.




Jo uotjenTead ay3 pue butumeiboad TeorTzewsyzew Teuoriejzndwod

JO 31e-3y3z-jo-a3e3s ayjy butaoadur jJo eaire ay3z ur ssaiboid

jea1b ATuo j0u useq sey a1d2Yy3l ‘auop aq 03 33X yonuw ST 2I3Y3 STTYM
‘udyl} papesu oym asoyl Y3itm swatqoard pey Ooym asoyl 3IDI2UUO0D

03 paaxes Arduts 9933 TWWOD dY3l pue ‘sieydressar snotiea Aq padorsaap
219M 8398 UONns 2wWOS pua ayjz ul *A3st3ies 03 3ITNOIIITIP 3Isow ayl

Jo @uo ueaq osTe sey 3T ‘obe sieak z1 Buryssm TeuorjzezTUEHIO 3ISIATI
oyl bButinp peririusept sem A3Tunwmod ay3j JO po’du sty ‘burwumerboad
Tedrjewsyjew JO SedIL JUSIBIITP 2yl 103 swatqoxd 3sa3 JO s3as papeab
dotea®p 03 ST 99233 TWWOD dYj JO UIIDUOD Idy3zouy (°*(¢) Apnis 4w @yl ur
pue (Gg'p’z) seduU2IdIUOD TYOD ¥86T Pue ‘086T ‘LL6T 2yl 3O sburpesdoad
8y} UT pPapnTOUT 98I YIOM INO JO yonmw I0J SIOUIIBIAY) *3Jusmtradxad

ue yons 3JO s3Tnsax ayl jo burjzodea aadoad ayz 103 pue ‘Juswyriadxad
Teuotriejndwod e jo 3onpuod i1adoad ay3z 103 saurrepinb padoraasp

osTe sey 31 ‘butmweizboid Teorjewsylzsuw Teuorjeindwod UO SBOUSIDIJUOD
@113ue Burzruebiro Aq pue sbBurT3ILSeW TRPUOTILUISIUT PUR TRUOTIBU SNOTIRA
3e suotssas butzruebio Aq A3jtunuwoo ay3z pue X321005 bBurmmeiboig
TedT3jewayley 2yl pPaAIdsS sey 2933 TWWOD daY3 ’‘UOTILIID S3IT IDUIS

*TY0D UO WId} © SAIIS

aAT3RjUesaxdex e bButaey Aq saumrjawos ‘sAeM SnOTIeA UT paurejurewm
@19M suotrjeziuebio 1syjo asayy Y3ITM suosTeT] ‘sieak Burusaisjur

ay3 3jnoybnoayy ‘uorjuLm O3 SNOIBWNU 003 ‘SUOTINITISUT I2Yl0O 3I© pue
$2T391008 I9Y3j0 UT USYBJIIBPUN DI8M S3II0JJd aeTrmTs Iayjzo Auey °sotrdoy
@89yl uo buryaom dnoib AJuo ay3z 3jou ‘ST pue ‘sSem 2933TWWOD YL

*butumerboad [eorjvWayzeW UY

?1em3jos pue swyjtiobre mau burisey pue ‘Burjusunoop ‘buidoraasp 103
38TX® saulTapInb pue spiepuels 19A93PyM JO asn ay3 abeanoous 03 pue
‘®1em3jos pue suyjriobre burredwoo 103 spoyzam arqezrns dorsasp 03
'suyjtriobre pue aiemijos burtuweiboid TeorjewayleW INOQE UOTIPWIOFUT
103 jurod Ted03 ® Se 2A19S O3 21e SaAT13oalqo @say3 ‘Feraq uy *L3a1d0S
butruweiboxg TeorjewWaylIPW Byl JO (TIVOD) SWYITIOBIY UO 9933TUWOD BY3
S® uMOouy 8q O3 awed jeym 103 Sd9AT3IOalqo pue sTeob Jo 398 e padoylsAap
219Ul TI9MOd 33TW Y3ITm @duspuodsaziod juanbasqns ay3 pue ‘UOTISSNOSIpP
3ey3l JO 3INO pue ‘(sautrl a2sayy Hbuore paziuebio jou sem 3eys

A39100s © utry3zTM dnoib ® yons s3e910 03 pairinbax yromiaded ayz sem
yoTym Jo 3IseaT @yl 3jou) sordojl Auew paiaaod Aep eyl UOISSNOSIP 3yl

|m|

‘S3)oeqMeIp ITaY3 JO 2WOS SPTOA® 3Ing SpPoylau

UoT3daITp 9TqTSeay I19Yy3zo pue burtjoatd YOOTq SaTqWESDI STYL *paseaidut

A13torrdut pue ATSNOSUBITNWTS ©I° UWNTOD TRUIBIXD ?y3 a3erauab o3 pasn

SaTqetaeA TT® JO sanTea 9yl ‘de3s bHurzoatd Teurslxa ue ug *suwunToo

TeuxajuTl uo burjoatd Tensn ay3z ST YoTyMm butjoaTd TeUIL3IUT 03 3Sex]

-u0d uT HPUTIOATd [PUISIXS PITTLO ST STSEq 9Y3} OIUT UWNTOD TeuIa3ixa

mPu ® Hutbutig “SOTqeTIRA TRTIOTITIIEC IO SSIOXd ‘)oeTs ‘uorsTtoap

uaaTh ay3z o3 burtpuodsoxiod SUWNTOD [rulojzul oYy 03 posoddo se uun oo

TRUISIXD ue PITTed o9 [TTM AeMm STY3 UT pajerauab uumtoo Auy ‘uoty

-BUTQWOD IeSUTT 2ATILHIUUOU SWOS Se UUMTOD MdU ® d3eIduab 03 pPa3zoaTas

ST NEaTqe3} 8yl UT SUUMTOD STqTHTT® 30ATd JO 39S dWOS ‘SUOTIRIIIT

ay3 bHutanp jutod Aue 3y ‘wyztiobre xordurs (aseyd om3j) tewtad ay3z o3

peoidepe ST 219y paqTIOSOpP UOTSIAA Y] ‘sSpoyzsw xarduts ay3 Jo Aue urt
pejexodioout aq Arises ueo jey3 ardroutad e sT HBurjoatd TeRUIBIXF

S3TNSdY 3ISITJ pue DUTIOATd [euIe3IXdq 3JO o[dTIoutrid ayg *2

‘possnosTp pue palerdsTp 9Ie SuUNI 3SD3 INO JO SITNSDI 9Y3

uOT309s 3SBT 9Y3 UT pue PaqTIOSIP ST SITISS 3S23 INO JO UBTSIp ayz
uoT3oas butpesoons syl ur -bHurisay Lxeutwrroad SWOS Se [[OM se
POATOAUT SESpPT OTISeq 9yl JO SWOS 9qTIOSIpP ATJOTIq 9M UOTIDDIS IXDU
ay3 ur [v] ty3red pue X3anw &q punoj Ar3juspuadopur Sem 3T Nmmu
wotqpues pue 319std Aq padorsadp I93eT pue [1] xxewa2a &q peqradosep
3sat13 sem ardroutad s3T *butjoatd Teursjxs parreo ‘spoylzsuw xorduts

9yl JO UOTSIDA MaU © Y3} TM pPauxaduod ST 3xodax styl ‘3Iybnos ussq
oAry spoyjzauw xaTduTts ay3z o3 sjuawaaoxdut ‘sieak Auew 103

uOT3ONPOIJUL “T

*¥'S'n ‘ootxaw MmaN ‘onbxanbnqry
ODTX3W MON JO A3TSIaaATUn
IIewaq ‘¥

epeue) ‘oagenyd ‘Teaxjuol
A3TSIBATU BTPIODUOD
woTqpues *TI-°D pue 3ITISTA "V'H

ONILOAId TYNYILXE HLIM JONIIHIIXHT TYNOILVINAWOD

|Oﬂ|



-8-

ON THE STATE-OF-THE-ART OF COMPUTATIONAL TESTING

OF MATHEMATICAL PROGRAMMING ALGORITHMS

by
Richard H.F. Jackson

Center for Applied Mathematics
National Bureau of Standards
Gaithersburg, MD 20899

After the special session on the new projective method for linear
programming by N. Karmarkar that was held at the Dallas meeting of
ORSA/TIMS, I was asked to write a short article summarizing some of
the philosophical statements about computational testing I made
during the discussion session following Karmarkar's presentation. I
could not help but begin by reflecting on the history of
computational testing of mathematical programming algorithms and
noting that some of the events that transpired recently were
predicted a long time ago.

It will be twelve years this summer since John Tomlin, Jerry Kreuser,
Michel Balinsky, Larry Haverly and I discussed the creation of a
subgroup of the Mathematical Programming Society which would somehow
provide information to the mathematical programming community about
latest developments in mathematical programming software, and the
availability and quality of that software.

We were motivated by the increasing amount of research in
computational mathematical programming and the increasing number of
published papers containing overlapping and conflicting claims of
performance of new algorithms being proposed. We felt that something
had to be done to improve the state-of-the-art of computational
testing and experimentation in mathematical programming before events
got out of hand. We further felt (correctly as it turned out) that
before long not just pride of authorship would be at stake in these
comparisons, but also commercial interests, as the state-of-the-art
of mathematical programming improved pari passu its use and

acceptance in business, industry, and government.

<17

One can show (Eiselt and Sandblom [2]) that the optimal
solution remains unchanged when adding an external column to the
problem since this is equivalent to adding a weakly or strongly
redundant constraint to the corresponding dual problem. A word
of caution is, however, in order. The successive creation of
external columns introduces linear dependency which may cause
numerical instability.

Several strategies for external pivoting exist. In particu-~
lar, at each iteration the user may

(a) decide whether to use internal or external pivoting;

(b) specify the set of columns for generating the new
external column (in case external pivoting is chosen);

(c) specify the weights associated with the generating colums
(again if external pivoting is to be performed).

In a preliminary test involving thirty randomly generated
problems (for details see Eiselt and Sandblom [27]), (a) and (b)
above were fixed and only the selection of weights in (c) was
varied. Pure external pivoting was used, i.e. an external column
was generated in each iteration and as generating columns all
pivot eligible columns were selected. The following weights were
specified: zp. equal weights; zN~ weights equal to the current
reduced costs; and Zu. weights equal to the objective function
value increase if the corresponding column were selected as the
pivot column. Method Zu came out a clear winner in terms of
iterations, although many pivots had to be determined in each
iteration. All three methods quickly achieved relatively high
objective function values as opposed to 30‘ the standard simplex
method (with steepest unit ascent pivot column selection criterion)
which was used as a benchmark. But after this good initial perfor-
mance, all three "pure" external pivoting methods were slow in
reaching optimality. As expected, numerical instability was also
present. Thus other methods were designed to overcome these
difficulties: with 3a~ external pivoting is performed once
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2. What format should the test problems be in?
All problems will be provided in MPS format which is the de facto
industry standard.

3. What about preprocessing?

Most LP codes have a preferred formulation for the problems they
solve; their performance on mathematically equivalent formulations
can be radically different. For example, by representing the special
structures of simple bounded variables, range constraints, and
special ordered sets independently of the constraint matrix, modern
simplex codes significantly reduce the number of operations needed to
solve the problem. In addition, these codes typically have built-in
preprocessors which transform the problems into efficient and
numerically stable forms. Karmarkar has stated on several occasions
that he has hand transformed problems into the preferred form for his
algorithm. In order to conduct a fair test of Karmarkar's code, this
preprocessing phase must be allowed. If an LP is transformed,
however, then it must be done according to an automatic procedure and
that automatic preprocessing procedure must be specified consistent
with issue (1) above.

4. What about the issue of convergence?

Karmarkar's algorithm obtains the answer to a theoretical, specified
precision. Here we recommend running Karmarkar's code for a range of
accuracies, e.g. 1O0xx(-3), 1Oxx(-5), 10%x(-7), and 10x%(-9), in order
to understand better the overall performance of the algorithm. All of
the problems in the test set will have solutions known to accuracies
greater than 10ax(-9).

5. What about post-processing?

Most simplex codes provide some degree of post-optimality analysis.
Minimally, they supply the Langrange multipliers (also known as dual
variables). The question then becomes whether Karmarkar's code should
be required to compute the multipliers as part of its job. Our
recommendation is that it should since users of LP almost always want
this information. Again, the procedure for computing the multipliers
from Karmarkar's solution should be specified.

-19-

me thod zb. Since MPOS is a proprietary code, the first iteration
(with external pivoting) had to be done by our own simplex code
before the problem was read into MPOS.

4. The Results

The performance of the two methods ZQ and ZA was judged based
on the number of iterations required to reach optimality. For the
sixty test problems we found that, on average, zb required only
80.12 percent as many iterations as 30. The superiority of za
over ZO did not appear to be related to sparsity or to the ratio
m/n; nor did the convergence pattern of the two methods differ in
any noticeable way. Interestingly enough, it turned out that the
more iterations required for z°~ the more pronounced was the
advantage of z». Specifically, for the twelve test problems that
required more than 350 iterations to reach optimality with 30~
the z» method needed only slightly more than half of ZO_M itera-
tions. For details, see the table below, where MnAZQV and wnﬂxsv
denotes the number of iterations required by 30 and Za\ respec-
tively.

MnAZQv MMMWMMBMM Average HoownAzpv\wﬁAZQV
0 - 99 6 126,71

100 - 149 10 94.86

150 - 199 10 80.32

200 - 249 10 76.09

250 - 349 12 92.12

350 - 650 X2 55.75
Total: 60 80.12

In order to further improve on these results, other external

pivoting strategies are currently being designed and tested.
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Scientific Computing Division
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301/921-3395

Karla Hoffman, Chairman, COAL
Operations Research Division
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Gaithersburg, MD 20899
301/921-3855

Ric Jackson

Operations Research Division
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National Bureau of Standards
Gaithersburg, MD 20899
301/921-3855
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ANNOUNCEMENTS

LINEAR....INTEGER....SEPARABLE....PROGRAMMING TEST P ROBLEMS

We wish to test our mathematical programming system over a wide range
of test problems and would be very pleased to receive such test data
We would like these problems to be supplied on magnetic tapes or
floppy diskettes, and ideally in either MPSX or APEX III format. We
would be happy to pay for the preparation and handling cost of tapes,
diskettes, etc. Suppliers confidentiality will be fully respected if
this is required. We ourselves have a range of 14 test problems.

Smallest 50 rows - 50 columns - 300 nonzero
Largest 1350 rows - 1600 columns - 14000 nonzero
Out of these 6 are integer programming problems.

We would be quite pleased to exchange these test problems,

Please write to Dr. G. Mitra, Department of Mathematics and
Statistics, Brunel University, Uxbridge, Middlesex, UB8 3PH or
thelephone Uxbridge (0895) 37188, Extension 259, or Mrs. P. Denham on

Extension 276.

WORKSHOP ON GLOBAL OPTIMIZATION

A Workshop on Global Optimization will be organized by the
International Institute for Applied Systems Analysis (IIASA). It is
scheduled to take place in Sopron (Hungary) in the first half of
December 1985. Those interested in contributing should contact
Alexander H.G. Rinnooy Kan, Econometric Institute, P.0O. Box 1738,
3000 DR Rotterdam, The Netherlands, ((10) 525511 ext. 3030)
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J.A. Tomlin: “An Experimental approach to Karmarkar's linear
programming algorithm", Ketron, Inc., Mountain View, California,
November 1984.

M.J. Todd and B.P. Burnell: “An extension of Karmarkar's algorithm
for linear programming using dual variables", Technical report no
648, SORIE, Cornell University, January 1985.

Alexei Gaivoronsky

V. Glushkov, Institute
of Cybernetics, Kiev
and IIASA

Alan King,
University of Washing-
ton and IIASA

Larry Nazareth,
Computative Decision
Support Systems
(Berkeley) and IIASA

Liqun Qi,
University of Wisconsin

Andrzej Ruszczynski,
Institute of Automatic
Control, Technical
University of Warsaw

Tamas Szantai
Technical University
of Budapest

Stein W. Wallace
Chr. Michelsen Institute
Bergen, Norway
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general stochastic
programs with

simple constraints

stochastic quadra-
tic programs with

simple recourse

stochastic linear
programs with
simple recourse

stochastic trans-
portation problems
with simple re-
course.

general stochas-
tic programs
with recourse

stochastic programs
with probabilistic
constraints

stochastic linear
programs with pure
network recourse

Ermoliev and Gaivoron-
sky's variants of sto-~

chastic quasigradients

Rockafellar and Wets'
Lagrangian finite

generation method

Nazareth and Wets|
inner linearization
method

Qi's forest iteration
method

Ruszczynski and Syski's
method of aggregate
stochastic subgradients

Veinott's supporting
hyperplane algorithm

Van Slyke and Wets'
L-shaped algorithm
(adapted; uses Schur
complementents in
bunching)
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COAL OBJECTIVES

The Committee on Algorithms is involved in computational
developments in mathematical programming. There are three
major goals: (l) ensuring a suitable basis for comparing
algorithms, (2) acting as a focal point for computer programs
that are available for wm:mnww calculations and for test
problems, and (3) encouraging those who distribute programs
to meet certain standards of portability, testing, ease of
use and documentation.

NEWSLETTER OBJECTIVES

The newsletter's primary objective is to serve as a forum S
for the Friends of COAL. Through an informal exchange of
opinions, members have an opportunity to share their
experiences. To date, our profession has not developed a
clear understanding on the issues of how computational tests
should be carried out, how the results of these tests should
be presented in the literature, or how mathematical programming
algorithms should be properly evaluated and compared. These
issues will be addressed in the newsletter.
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