scientific presentations also. If a speaker is unwilling to provide sufficient detail to back up
computational claims, then the talk is advertising. Such talks should be grouped with other
exhibits and sales presentations.

This is not to say that commercial concerns are henceforth to be barred from speaking and
publishing. In fact there are many examples of successful efforts to continue in the scientific
tradition of full disclosure, while still maintaining a competitive edge. In most of these
cases, the success was based on publishing full accounts of the theoretical basis of a piece of
software along with the details and results of the sound, well-thought-out, statistically based
computational experiment, with documentation of the test problems used. In these cases,
which can serve as paradigms, the only item withheld from the community was the code
itself. Since the code usually represented many thousands of manhours of work, publishing
the theoretical underpinnings did not compromise a competitive edge, and was good science.
Furthermore, in all cases the developers were willing to submit their codes to be used in
verification or comparison testing, even to other researchers hoping to prove that they could
outperform them. In deciding a particular case, a referee must assess whether the level of
detail provided is sufficient for a qualitative replication of the results. If not, then the author
must either weaken the claims or provide further detail.

2.2 Replication, Verification, and Proof

In the opening paragraphs of this section, we mentioned the important role that the referee
has in evaluating the sufficiency of computational results. In this part we wish to elaborate
on this role.

With respect to computationally oriented papers, the referee’s responsibility is to ensure
the plausibility of the results, and that enough information is provided so that the experiment
could be replicated with qualitatively similar results leading to the same conclusions. To be
more clear, it is not generally the responsibility of the referee to repeat the experiment, run
the code, or otherwise prove anything regarding claims made in a paper. (This general rule
certainly does not apply when the software itself is to be published.) Verification, if ever
performed, is provided by other scientists once the paper appears.

Since the issue for the referee rests so much with determining when sufficient information
has been provided so that others may replicate results, we offer an example to illustrate
sufficiency. Consider a paper that proposed a new method for some optimization problem.
Suppose that paper described the algorithm and contained a few computational results to
demonstrate feasibility of the idea and some exceptionally promising results. Such a paper
would likely be publishable. If that same paper, however, went on to claim an order of mag-
nitude improvement in speed over other methods, much more in the way of computational
testing would be required. Also, much more in the way of algorithm description would be
required. It would be necessary to decribe in detail the parts of the algorithm that make
the implementation so much faster, e.g., the linear algebra. Without the latter, sufficient
information is not available for replication, leaving others to rediscover the process before
verification and progress can be achieved. This may be good marketing, but definitely not
good science. |

Another example is a paper that describes an algorithm for which, say, log(n) operations

were observed in practice, but for which the proof of log(n) has escaped the author. If
the author has any theoretical results, say a proof of n operations, these of course should
be included, along with the computational results. It remains for the referee to determine
whether sufficient evidence is provided in the computational results to support a claim of

log(n).

3 Measuring Computational Performance

In this section we consider the issues in designing and conducting the computational exper-
iments that form the basis for the claims that are to be made. In particular, we discuss test
problems and performance measures.

3.1 Choosing Test Problems

To make it easier to compare results from different sources, it is generally recommended that
standard test problems be used. In this way, results in any particular paper can be more
easily combined with results elsewhere to provide an extensive measure of the properties of
a particular algorithm.

Defining a “standard test problem” is difficult. Typically a test problem becomes “stan-
dard” simply through widespread use. There are well known collections in several problem
areas. For example:

1. nonlinear programming—Hock and Schittkowski [HocS81]

2. unconstrained minimization—Moré, Garbow and Hillstrom [MorGHS81|
3. linear programming—the netlib collection [Gay85)

4. global optimization—Pardalos [Par87)

The deficiencies of specific collections of problems are well known. For example: The
test set is relatively small compared with the total range of potential test problems. The
problems are often small and regular so that they are easy to program. Various problems
in a test set may have similar properties (for example, the Moré, Garbow, and Hillstrom set
consists entirely of minimization problems that can be expressed as nonlinear least-squares
problems). Optimizingan algorithm for a set of test problems may not give ideal performance
in other settings.

There have been attempts to devise test problems and procedures with better diagnostic
properties. For example, Lyness [Lyn79] suggested the interesting but computationally in-
tensive technique of performance profiling. The use of such techniques may be illuminating,
but it may also be unreasonable to impose such a constraint on a researcher.

If an algorithm has been selected to have a particular special property, then the test
problems should illustrate this property clearly, and it may be necessary to devise or select
new test problems for this purpose. Including new test problems that do not illuminate
properties of the algorithm is not generally recommended.
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2 Performance Claims

An issue of primary importance in computational mathematical programming is performance
claims. Although this issue is discussed in the original Guidelines [CroDM79], there has been
some confusion over how much computational testing is required to support a given claim.
In fact, there have been cases of researchers who declined to publish a new theoretical result
in a journal that requested authors follow the Guidelines, because they believed that too
much computational testing would be required. The papers went elsewhere. We hope to
eliminate such confusion with this update to the original guidelines.

It is essential at this stage to have firmly in mind the types of claims that can be made
and the computational evidence necessary to substantiate these claims. The goals of the
work should dictate the type of implementation, the level of experimentation, and the depth
of analysis of the raw data from the experimental runs. We have identified three types of
computational studies. These are identified below along with their appropriate performance
claims.

1. Preliminary testing to show feasibility and promise of a new algorithm or scheme. In
this case, the code will typically be a “research” code not meant for general distribution.
The results of its performance on several well-chosen problems would probably suffice.

2. More detailed experimentation to assess the strengths and weaknesses of an implemen-
tation. Here a range of problems must be appropriately chosen and more details of the
implementation and algebraic overhead must be provided. Presumably, more care will
go into the code, but it still may not be suitable for release.

3. Detailed comparison of the performance of an implementation with prominent methods
already available. This is by far the most difficult type of experiment. Great care
must be taken so that comparisons are fair. Performance measures (see §3.2) must be
comparable for each algorithm in the test set, and the design philosophies of each code
must also be forthrightly stated. For example, one might compare a program designed
for stability, portability, and flexibility of use over a wide range of machines versus a
limited implementation tuned to the idiosyncracies of a particular machine. In this
case, a comparison of speed alone would be unfair, but a test demonstrating the cost
incurred in using a more robust code would be perfectly appropriate.

The Guidelines suggested that it was the referee’s responsibility to decide whether the
empirical evidence given in the paper supported the computational claims made. That it
will be left to the referee will likely always be the case, as discussed in §1. There are some
simple rules that have been discussed often over the years and that we will repeat here to
assist both authors and referees.

The principal issue seems to be in determining when a thorough, statistically-based com-
putational experiment must be performed. In the past. it was argued that the proper break-
point is where a paper contains a claim that a proffered implementation is better (faster,
more accurate, more eflicient, easicr-to-use, ctc.) than another. That is, if a researcher has
a new idea, codes that new idea, and runs a few tests to demonstrate feasibility of the idea

were smart enough to have this conversation in advance) the experiment to obtain desired
information with minimum effort.

In any event, referees again bear the responsibility for judging whether the techniques
used to analyze results are appropriate for the data collected and the experiment designed.

4 Reporting of Computational Tests on Advanced
Architectures

When reporting numerical tests performed on unusual computer architectures (“parallel” or
“vector” computers), all of the above topics are of course relevant. In addition, further details
should be provided to describe the nature of the calculations accurately. This information
makes possible the accurate assessment of the results, and (given access to appropriate
computers or simulators) might allow the results to be duplicated or emulated.

When computers with advanced architectures are used, the description of the hardware
should mention those features that have enhanced or limited the performance of the algo-
rithms or the range of problems solved. For multi-processor (“parallel”) computers, these
might include:

1. The number of processors—both the number available on the machine, and the number
used in the calculation. If the architecture of the computer makes some processors more
powerful than others, the author should mention which processors were used. (This
is relevant for example, if the interconnection scheme is not uniform, or if certain

processors have greater storage or computational power).

2. The interconnection scheme—ring, grid, hypercube, etc.

3. The memory layout—whether there is a global memory, the capacity of local memory
on each processor (if this limits the algorithm or its proposed application).

4. Communication speed—the relative speeds of computation and communication; if tim-
ing is a factor in the test results, the absolute speeds of computation and communica-
tion may be relevant; it may also be important to mention transmission times for both
one number and n numbers.

For pipelined (“vector”) computers, the description of the hardware might mention:
1. The number of pipelines—both available and used.

2. Limitations on vector lengths——for example, on the Cray-1, vector pipelines take data
from vector registers of length 64.

3. The number of paths to memory.

4. Pipeline speeds—timing reports should mention not only the maximum speed of a
pipeline, but also the startup costs of using the pipeline, as well as the vector length
required to achieve half the maximum speed (the “half-performance length,” ny2

[HocJ81].

11



‘PassaIppe 3l §31N}09)1YdIe
193ndwod [paou jo swajqoid [euolyippe ayj ‘p§ ut ‘Ajjeury -opew J1e SWIR YOIYM Woly
®iRp MRI 2} 2Ie jey) sainseaw aoueunioptad pue Fulyse) Japisuod am g§ u] -eoururIojrad
Jouadns [[®I2A0 JO wIrR[> ® 0} SYIoM, 2inpadoid e jey) wie|d jsapour ayy wolj dfuel sy,
‘sj[nsal [euorjeindwiod FuiuIadUOd IpeUI 3q URD JRY) SUWIIR[D JO S[9AI] SNOLIRA SSNOSIP am 7§ U]

1adeg ayj jo auipInQ 2'1

‘wisto1days a|qeIapISU0d Yjim swie[d yons piedal pinoys auo ‘suotjejuowad|duwi s wyju
-o8[e ue jo jy» 0y Adde uoryejuswajdwit suo 10} sjnsa1 jeY) 15933ns sPWIPWOS SIOYINY
‘aoueuniojad [euorjeinduiod jo afuer jseA e JIqIYXd A3Y)
pue ‘wyjuofe xajduis ay) jo suorjejuawa(dun Auew ‘sjdurexs 1oy ‘are 319y J, "wyjLode ayy
jo sdays ayy 0y Surpuodsa1iod uorejuswaduil Yoea Ul sUOIONIISUL Jo sIoUINbIs ure1Rd YHMm
‘(suonyejuswajdunt s31) sureaSoid 19ndwods jo sse[d> ® 03 spuodsaiiod snyj j] ‘paytoadsun
s|rejap [edonoeid swos saaed| jey) jejdway Jutajos waqord ® st wyjuoB[e ue ‘Buryeads
A[y8noy ‘wiyjio8|e ue jo uogpjuswa)duir ue Y)im wyjriobyp ue asnjuod [[138 s10yjne Auepy
‘suoljnquIyuod Juryse| ayy [[1sip 03 pue seapl a10[dxa 0} [eIouad ul
uotssajoid ay) jo Ajijiqisuodsal ayy st 3] ‘yno ued jou op jey) seapt ,pood, jo 10 ‘9jedrjdnp
ued 95[3 JUO OU JeY) §3[NSAI Ie[noeIdads A[Burass jo sojduwrexa qiim 93a1dal st ‘s20U310S [RyUIW
-119dxa 13470 JO 21NJRIAII[ JY) S [[9M §' ‘2INJRII)I[ IN() 'OpPeRUW 9q UED SN EISIW }SIUOY
'su019298 juanbosqns ur o1doy siyj uo pies aq [[1m a10]y ‘pado[arap
219m A3y} YOIYM Ul JUSWIUOIIAUS 3Y) JO IPISINO SN 10] I[QEIINS JOU SIPOD [IAS[-[IILISII
0} pue $3pod A1ejaradord o3 Ajdde oy ynoyyip st sy, *1sonbal uo 3313ja1 3Y) 03 I|qe[ieA®
SpRUl 3q 8}[NSI1 Y} UIRIGO O) PISN UOILIUIWINDOP pue 2pod ay) jJo Adod e jeyy aimbos
sandijod [e11091pd duios pue saulfapind Jursixa ay) jo awog ‘s[qisne[d aIe s)MsA1 Y} jeY)
Pa2ulAUO0D 3q 0 §3[NSAT 2Y) 20N po1dal 3snul 3319J21 © JeY) YUIY) 10U Op IM ‘9A0Q® PIjou sy
‘uorjedi|qnd jo Ayjiom aq jou snyy pue ‘aouedyiuBis anij Aue JNOYJIM §)[NSAI 10 BIPI AUIINOI
® urejuod A|dus Lew sajdioutid aaoqe ayy Ajsiyes yoiym siadey ‘uoipnquyuod pazayord e jo
anfea doy1juatds ayj Juipnl jo uorpounj urew 8,3919J31 Y] YIIM ILI2|UI [[IM 82UIPPINT YoNSs
Aue yeqy asoddns jou op am ‘Aeury ‘pouIaduod [[e jo Ajfajur pue £)sPUOY BY) UO SII[AI
suotjendwod oy1jualds jo synsar ayy Jurpiodar pue Furjonpuod jo waysks 3Yj jey) suesw
s1y ], ‘pnelj ssodxa 0y pajoadxa aq jouued 3919ja1 ® ‘renonted uj -paysijes are sojdidund
OM} 181 91 J2Y) PIdUIATOD 3q A[UO ISNUI 3313Ja1 Y ], "$1UaWII2dX3 377 JONPUOI-31 03 IDUIIIE
[ejuowiadxa 19yj0 Aue ul 3319Ja1 ® uey) alowl Aue sIOUAIDS [euoljeIndwiod ul §}NsSAI Y)Y
sonpoidai 0y 9219)31 ® Jo qof ayj jou s1 9] 's3[Nsd1 jo A31jiqisne|d ay) ainsse 0} UeY) dI0W Yonw
op 03 ssa001d Buiaa19ja1 9y 190dxa jouued uoissajoid ay) 1eY) J9SINO0 3Y) J© UWOIUIW A

*§3|nsa1 2y @onpoidal 03 AInp 5,9919)a1 Y1) j0U 8L )1 ‘¢
pu® {sj nsal ay) jo A31[iqIonpoidal mo[[e 09 [IR)IP JUIIOYNS 3q JSNW 1Y) °Z

‘apew swre[d ayj AJiysnl 03 JuadYNS 3q Jsnw pajuasald s)[nsal Yy |

(A

"S3DURISWINDID [[® Ul JURAI[DI q [[IM SWIAII 383Y] JO [[® JON
‘3|qelisap a1e s10ssa001d
jo 1oquinu 2y £q pazijeunou sowiy ‘sdn-paads ajnjosqe Buriiodal 03 uoryppe U] ‘spoyraw
Ie[eds 1599 3Y) Yjim os[e nq ‘uorjezijerdoads re[eds s yiim A[uo jou poyjaw [[jesed ay)
21edwiod 03 3(qesajeid st 41 ‘poyjowr Jeeds € Yym wyjuode [afjered e Suedwiod uaypy
‘pasn are sjseopeolq [eqol3 13Yjaym pue ‘Iayjoue o) lossadoid auo woly passed
ale ®jep moy uoljuaw oy jueisodwi aq os[e Aewr 3] ‘siossadoid oy} Fuowre WO EIIUNWILLIOD
Jo 53805 33 apn[dul p[noys jnq ‘s3sod d1jawWYjlIe uoljuaw jsnf jou pinoys sjunod uotjesado
3y, '2q112s9p 09 xa]dwod a10ur osje a1 193ndwod [afjesed © Uo WYILOS[R UL Jo 53500 Y],
'PaqUI8ap 2q pinoys swajqoid pazis-siwr 10§ sanbiuysdy usyy ‘pasjos Furaq wa(qosd
343 Jo azis 3y pue $10§53501d jo Jaquinu 23 uIMIaq diysuolie[al v sownsse wyLIod|v Ay
J1 19pidwiod [eiads © eiA 1o ‘([6LSNHUO(] ‘e 10 vareBuo() seunoigng v1qa3|y wouy)
o1seq) SV1d paziwndo-arempiey o3 s|[ed ySno1ys ‘ssnbiuysey SurwwresBod [eroads yFnoay
19Y12ym ‘pasn alom arempiey Yy Jo saInjed) [erdads ayj moy 23edIpul pinoys Joyjne ay ],
"paytojdxa a1am auryoew 9y Jo 831NYea) [€10ads 3Y) MOY 23edIPUL P[NOYS J0YINe oY) ‘wy3LI0f|v
ue jo uoljejuawa|duir ay3 JulquOsIp UIY AN ‘SSuIyIeUI [eljuaNbas Uo Uey) aremyjos pue arem
-PIRY U9M}aq UOIIORIFIUL 193ea18 e sorjdunl £2In1091YdIe PadueAPE JO asn aY) ‘A[jualin))
‘so|dwiexa s 3UlAIIS §151] 2A0q® 2] Y}IM POmMO[[0} 2q P[NOYS UOI1d3s aY) Jo SurumiFaq ayy 1®
sa[doutad Juipind ay) ‘sou08a3ed 25373 JO IaYy3Io ojul A[jeau [[e} j0U Op jey) s12Indwiod 10



1 Introduction

Controversy often surrounds the reporting of results from scientific experimentation. Subtle
points with unrecognized but profound effects are sometimes overlooked, and testing pro-
cedures are sometimes inadequate. Guidelines [CroDM79] for the reporting of the results
of experimentation have helped to reduce some common errors and to clarify some issues
for all concerned. As experience grows in new areas, such as the reporting of the results of
computational experiments, it is natural to attempt to update and revise the guidelines to
stimulate further discussion and to improve the reporting of results. In this spirit, the Coun-
cil of the Mathematical Programming Society asked the Committee on Algorithms (COAL)
to reconsider the existing guidelines and to offer extensions and modifications as deemed
necessary. COAL appointed the authors to a subcommittee to work with the editor of Math-
ematical Programming and the Chairman of the Publications Committee to produce such a
report.

The proliferation of powerful desktop workstations, minicomputers, mainframes, super-
computers, and novel machines with some form of parallel architecture, will continue to
place increasing pressure on developers of algorithms to support their ideas with the results
of computational experiments. Our hope is that we can supply a document that authors, ed-
itors, and referees can agree upon, and one that can provide a solid basis for the presentation
of results.

In reviewing the existing guidelines, we found that much of what is stated is as valid today
as when it was written, and is still worthwhile reading for anyone interested in the subject.
Our main goal, therefore, is to supply some clarification on certain points and to address
some new issues. Specifically, we believe that more discussion of proprietary codes is needed,
and that some consideration of emerging novel architectures should be given. In addition
we set forth in the next section the principles that we see as dominant. Our report is not
meant as a primer on computational testing. There are several reasons for this, principally
that it was not the charge of this committee. More importantly, perhaps, is that this is
an enormous task requiring discussions of basic concepts in statistics, experiment design,
numerical analysis, and software engineering. While we think that this is an important
undertaking and would encourage someone to do it, it is beyond the scope of our effort.

As noted, this report is not a new set of guidelines. We have two goals: (1) to present
a concise set of principles to guide authors, editors and referees in assessing computational
tests, and (2) to clarify existing guidelines in certain areas. We intend for it to be an addition
to the literature on computational experimentation and to be attached to the earlier report
[CroDM79]. We recommend that editors routinely communicate the three principles below
to referees, and that these principles become part of the editorial policy of the journal.

1.1 Principles

After thinking about rules for conducting and reporting computational tests, we believe that
it is impossible to write a comprehensive list. Instead we settled on three principles that
apply in all cases. These are the same principles that govern all experimental sciences: in
papers that contain claims about computational performance,
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NOTES FROM THE (retiring) U.S. CO-EDITOR

I would like to echo the observations of Jens Clausen that the COAL Newsletter
can play a major role in this exciting period in which many researchers in mathematical
programming are enthusiastically tackling practical problems of hundreds of thousands
and sometimes millions of variables. Our ability to formulate and efficiently solve such
enormous problems offers the opportunity for increased prominence in science, engi-
neering, and commerce, and poses new challenges in terms of combining optimization
theory with computer software and hardware research. These issues are also consid-
ered in the draft report (on the following pages) of the committee established to revise
the guidelines for reporting computational experiments in mathematical programming.
Readers with suggestions for substantive changes or additions to the draft report may
submit them in writing to one of the authors of the draft or to COAL officers.

Robert R. Meyer

July 23-26

August 29-31

October 16-18

December 11-13

June 25-29

CALENDAR

1989

Osaka, Japan: TIMS XXIX/Osaka '89.
Information: TIMS XXIX, TIMS, 290 Westminster Street., Pro-
vidence, RI 02903, U.S.A.

Berlin, GDR: IFAC Symposium on Large Scale Systems:
Theory and Applications.

Information: Prof. Dr. Dietrich Ohse, Fachbereich
Wirtschaftswissenschaften, Johann Wolfgang Goethe Univ.,
Postfach 111932, D-6000 Frankfurt/Main, West Germany.

New York: ORSA/TIMS National Meeting.
Information: ORSA/TIMS NY, 1800 Diagonal Road, Suite 220,
Alexandria, VA 22314, U.S.A.

Chicago: Fourth SIAM Conference on Parallel Processing for
Scientific Computation.
Information: SIAM, 14th Floor, 117 S. 17th Street, Philadel-
phia, PA 19103, U.S.A.

1990

Athens: 12th Triennial Conference on Operations Research
(IFORS "90).

Information: IFORS XII Secretariat, Hellanic Operational
Research Society, 20 Solomon str., GR-10682, Athens, Greece.

15



uasne[n mEQH

‘diysiopear sjt £q
papiaoad [euajyew 3y} YInoly) SUOISSNISIP Y3 0} INIIJU0D 0} I[qR 2q [[IM I2IJB[SMIN
a1y adoy [ ‘Surysey [euorjejndwod Joj souteping pue Furwureiord [edsryeweyjR UL
uorjendwos [prered ‘swajqoid J| pue J17 10} spoyjouwr jutod I01193Ul JO SP[Y dY3 ut Fut
-y1oxa Apremonaed aq [[im sivad Surwod oy ‘Fururwresford [eoryeuwsyjewr reuorjendurod
jo jutodmata ay) woly jey) 3s983ns wmisodwAg SJN YIET 2Y) UO SI131AI}OR Y],

'59A1902(qO §31 [[Y[N} 129)9[8MaN Y3 ayewr paapur pinom sidded jo ad4y
sty jo uonjedrqnd ayJ, *2InjeIL}I[ FUIISIXd 0} 9S9Y) 2JV[I PUR §}[NSII I} PURISIIPUN 0)
Aressadau uorjeurroyur ay) Jururejuod siaded 1133 jo suoisiaa j10ys 2onpoid 03 sioyne
sofeinoous TyQD ‘siwdk g-1 si sjeuanof aemdar ayy jo suo £q paysiqnd st 31 [1pun
uajjuam st oded e woyy Suissed aurry ayy A[ruorjipesy, * Sunuweiford [eoryrwLYjRW
[euorjeInduIod Ut $3[Nsal MaU Jo uoryeuIAssip pidel 10§ 9[o1yaA B, se sIY} 9sn L[[enjoe 0)
19)12[SMAN 3Y) JO sIopRaI A1) aFevInodua 0} AI[ p[nom | ‘ansst siyj uo dn Fuimoqjog

anquyuod oy ajdoad apensiad o) sj10yo o31e] apew sey qog puw
‘19)99[SMa Y} IOJ [BLISJRW JO JUNOWIR JUIDYYNS © 193 0} J NOYIP U33q SBY 3! SUOISBIOO
[®19A98 U() "10}1pa-00 jsed se qol pood ® 10} qog yueys o3 Aytunjroddo oY) ayey | ‘paeoq
[e11031Pa 9y} saaea] JakoJ qog jey) pu® ‘uornquysip pue uorjonpoid 1940 ae) [ 1RY)
‘AFojouyoa], jo ajmnysu] eidi0en) ‘SurresurFug sweysAg 2y [RIIYSNPU] JO [0OYDG Y3} JO
[eARRy 31V "V 21 SI 686] WOI} 1031pa-02 *S'[) Y} jeYy) 21w suosiad Jo surray ut ssa001d
SIY} JO S}NSAT Y], "TY (D) JO UBULIIRYD S8 PI}dI[2 SeM 10}1pa-0d jsed djeipowruar ayj pue
pajutodde sem I031pa-00 Mau ® ‘suOIjRFI[qO 959} I9A0 9YB} O} PIS® SBM UOINGLIISIp
pu® uorponpoid jo a8reyd ur jou 1031pa-0d Y], : Aem piepuejs, sy} ur pafueyo sem
10)PR[SMIN TVOD 2Y3 Jo pIeoq [el1031pa ayy ‘okyog, ut wntsodwkg SIN YIET 243 3V

HOLIAA-0D NVAJOUNT HHL WOYJd SHLON

o1

*19113|SMAU IY) Ul PISTAIPPT 3] [[IM SINSS|
aay |, "paredwod puv pajenjead A|19doid aq pjnoys suryyirod|e Suimrmesdoid [esryewayjew
Moy 10 ‘a1njeidy| Yy uj pajuasaid 3q pinoys £183) ISAY) JO S NSII IY) MOY ‘yno patired
3q p|noys #7189} |vuonvIndwod moy jo sanssy ayy jo Buipuwisapun 1wa|d v padojaaap jou
suy uoissajoid 1no ‘aep of, ‘SurwwesSord [wdnyewIyewr jRuoiwIndwIod Ul KNS MU JO
uonyruwdssip pides ayy 10§ 321yaA v ap1aoid 0y 81 3A19(qo Kawwiid 8,19133(smau Ay,

STALLDICHO HALLATSMIN

‘uoywIUIWNIOP puv I8N jo IFed ‘Bunea) ‘LyjiIquisod jo sprepuwys uiw)Idd 129w 0y swesdord
ANnqinep oym asoyy Suidwinodud (g) pue ‘surajqoid 183y 10) pue suopye|nd|Ed [eiAuB J0)
dqejiwav are yey) sweidord 1391idwod 10§ yutod [ed0j v s Juiyoe (z) ‘suryyod|e Sunedwod
1o} siseq 3jquyns v Buunsud ([) :s|eod sofww 331yy e Yy ‘Supweslord [edryewd
-{yew uy syuawidojaaap [vuonyeindurod uy paajoauy sy swyjod|y uo RNWWOY YL,

SAALLDIACHO TVOD



COMMITTEE ON ALGORITHMS OF THE
MATHEMATICAL PROGRAMMING SOCIETY

CHAIRMAN EDITOR

Robert R. Meyer Jens Clausen

Computer Sciences Dept. DIKU

University of Wisconsin University of Copenhagen
Madison WI 53706 Sligurdsgade 41

USA

DK-2200 Copenhagen

Denmark

Paul T. Boggs

Center for Applied Mathematics
National Bureau of Standards
Gaithersburg MD 20899

USA

David M. Gay

AT&T Bell Laboratories
Murray Hill NJ 07974
USA

James K. Ho

Management Science Program
University of Tennessee
Knoxville TN 07974

USA

Karla L. Hoffman

Center for Applied Mathematics
National Bureau of Standards
Gaithersburg TN 37996

USA

Richard H. F. Jackson

Center for Applied Mathematics
National Bureau of Standards
Gaithersburg MD 20899

USA

Gautam Mitra

Brunel University

Dept. of Mathematics and Statistics
Uxbridge, Middlexex UB8 3PH
England

James B. Orlin

Sloan School of Management
MIT

Cambridge, MA 02139
USA

Jan Karel Lenstra

Chairman Executive Committee MPS
CWwWI

Postbus 4079

1009 AB Amsterdam

The Nethetlands

MEMBERS

EX OFFICIO MEMBERS

CO-EDITOR

Faiz Al-Khayyal
School of ISE
Georgia Tech
Atlanta GA 30332

Ronald R. Rardin

School of Industrial and Sys. Eng.
Purdue University
West Lafayette IN
USA

47907

Klaus Schittkowski
Mathematisches Institut
Universitat Bayreuth
D-8580 Bayreuth

BRD

Robert B. Schnabel

Dept. of Computer Science
University of Colorado
Boulder CO 80309

USA

William R. Stewart

Sch. of Business Administration
College of William and Mary
Williamsburg VA 23185

USA

Philippe L. Toint

Dept. of Mathematics

University Notre Dame de la Paix
Namur, Belgium

Stein W. Wallace

Chr. Michelsen Institute
N 5036 Fantoft

Norway

G. L. Nemhauser
School of ISE
Georgia Tech
Atlanta GA 30332
USA



[[Pmog uesng
‘yseN ‘'H ueydsg ‘s33og ‘1, [ned
ey ‘uosyoer “J ‘H preyory
R G L i O B e O A Surmuresfo1 g resnyewayjey Ul sjuswrradxy
reuoryendwoy) Junproday 1oy saureping ayy as1Aay
0} 99331IWI0)) 20 PY 9Y) jo jroday eI

T C ottt e e 1031pF-0D) *S°() 2} WO 0N

1 s e R S e S e (e 1091pg-0) ﬁdUQOuﬂm oY) woy s930N

SLNALNOO

YIATIN ‘4 pHI490H 6861 YoIe|N
sHoxLIdd

NUSNVTIO SNUr 81 "ON

swypobjy vo hw..nwuu..“.___.“.“,\,F.hwo-,_u .”_E\.k
fMepog Gupwwoiborg jodpowepOY l\
j L

UNIVERSITY OF WISCONSIN-MADISON
COMPUTER SCIENCES DEPARTMENT

1210 WEST DAYTON STREET
MADISON, WISCONSIN 53708

ROBERT R. MEYER



