classes.

(a) The problem is representative of a class of applications. This allows for simplified
versions of a real application, as well as for the original applications themselves.
For example, problems such as the “minimum surface” problem (2], the “boundary

value” problem (3] or the “clamped plate” problem [1] fall into this class.

(b) The problem tests the behaviour of the code in specific situations. Behaviour of
the code under test when faced with badly scaled or otherwise ill-conditioned
problems, nearly critical points, curving valleys, singularities, etc., is useful to
analyze. It is tested by the problems in this class. Known exambples include
the “Rosenbrock” problem (3], the “Powell singular” problem (3], the “Woods”

problem (3] and many others.

5. The problem should be completely and unambiguously defined. This requirement has
many aspects, as shown by the following (nonexhaustive) list:

e Generating the structure inherent to some problems is sometimes nontrivial.
Sparsity patterns or partially separable decompositions should be specified in
detail. To allow real duplication of numerical experiments, it is also important
that no random process is involved in this definition, except if the procedure to
generate it is also specified with the problem.

e One or several starting point should be defined.

e If the problem contains parameters that can be varied (for example to modify the
degree of difficulty of the test), the allowed range for these parameters has to be
precisely given.

e Is there a known solution? Which one? Is it unique? This last point may be
important because the results of different runs are clearly incomparable if the
solutions found are different.

This list of desirable features is by no means complete. Even besides scientific value, things
like a catchy name also help in making a test problem popular, and the very popularity
of a problem can sometimes be of real interest, because it provides a very wide basis for

subsequent comparison of the tested code with other software products.

3. A call for test problems
The reader is now probably convinced that adequate test problems are quite difficult

to define. However, they are really a necessary step on the way to efficient and reliable

°

software for large-scale nonlinear problems.

As alluded to above, the main purpose of this note is to send a call to all readers to
make their own (test) problems available to the community. If you have a large dimensional
problem that qualifies as a test problem according to the criteria discussed above, please
send it to the author at the following address:

Professor Ph. L. Toint

Department of Mathematics

Facultés Universitaires ND de la Paix

61, rue de Bruxelles

B-5100 Namur, Belgium .
Since a short (2 pages) description is needed, there is no problem in using the ordinary
mail. Please state your name and organization, so that proper acknowledgement can be
made in due time.

The following categories of test problems will be considered for inclusion in the col-
lection:

e unconstrained problems,

e problems with bounds on the variables,

e nonlinear network problems,

o problems with general linear constraints (excluding linear programming prob-

lems),

e problems with nonlinear constraints.
In each category, distinction will be made between problems for which derivative informa-
tion is available and problem for which this is not the case.

The idea is to gather enough interesting test problems into a collection that will be
subsequently published (hopefully) and made available to everyone interested. It is also
planned to produce Fortran 77 software for the evaluation of the involved function and
derivatives.

Thank you very much for your collaboration on this project!
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nonlinear programming ignore the ever famous Rosenbrock or “banana” function in two
variables, for example. Collections of such test problems have been published, most notably
in Himmelblau’s book (5] and in landmark papers by Moré, Garbow and Hillstrom (3] [4] as
far as unconstrained problems are concerned, and in the well-known computational study
by Hock and Schittkowski [6] for constrained problems. The very fact that these collections
have been published in the open literature has helped enormously in their recognition as
standards, which in turn has been very useful as a uniform basis for comparison between
software products.

However, until quite recently most of the efforts in algorithm development and soft-
ware production for nonlinear minimization were geared to small dimensional problems,
so a vast majority of the available test examples also consists of problems with a relatively
small number of variables and/or constraints. As a consequence, very few test problems
involving a large number of variables (> 250, say) are presently available in the open
literature. Furthermore, many of the problems that are published are built as some kind
of “stretching” of a small dimensional original. For instance, various extensions of the
Rosenbrock test function have been designed, some of which consist of truly larger prob-
lems as in (7] or [8], and others being just the simple juxtaposition (without any kind of
interrelation) of a number of copies of the original two variable function (see the “extended
Rosenbrock” problem in (3]). Whether or not these stretchings produce interesting and
useful test problems is clearly debatable.

It is the author’s opinion that this lack of a recognized and sufficient collection of test
problems for large scale problems is highly detrimental to the development of quality soft-
ware in this area. This is especially unfortunate since concepts such as partial separability
and related algorithms for large dimensional nonlinear problems are now available (see [9]
for a recent survey of this field). Hence we propose the project of building such a collection,

which constitutes the main motivation of the present note.

2. What is a good test problem?

Providing interesting test problems for large scale optimization is however not very
easy. The main reason is that a good test problem in this area should satisfy a (sometimes
contradictory) list of requirements:

1. The problem should be large. Problems involving less than 100 variables cannot be
considered as “large”, because they could be dealt with without any specific care for

their structure, given the power and memory size of today’s computing equipment. We

6

Calendar

1987

December 1-4: Third SIAM Conference on Parallel Processing
for Scientific Computing, Los Angeles

December 31: Deadline for Orchard-Hays prize nominations

1988
January 15: Deadline for Fulkerson prize nominations
March 1: Deadline for paper titles, MPS XIII
April 25-27:  TIMS/ORSA Joint National Meeting, Washington, D.C.

May 23-26: Third SIAM Conference on Linear Algebra,
Madison, WI, U.S.A.

August 29-September 2: MPS XIII, Tokyo

11
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APPLICATION FOR MEMBERSHIP

Mail to:  The Mathematical Programming Society, Inc.
c/o International Statistical Institute
428 Prinses Beatrixlaan, 2270 AZ Voorburg, The Netherlands

Checks or money orders should be made payable to The Mathematical Programming Society, Inc.,
in one of the currencies listed below.

Dues for 1987, covering subscription to volumes 37-39 of Mathematical Programming, are Dfl.
103.50 (or $ 45.00 or DM 95.00 or £ 30.00 or FF 300.00 or Sw.Fr. 75.00).

Subscription to volumes 30-31 of Mathematical Programming Studies, available to members only,
is Df1. 50.00 (or $ 22.00 or DM 44.50 or £ 15.00 or FF 145.00 or Sw.Fr. 36.00).

"I wish to enroll as a member of the Society. My subscription(s) is (are) for my personal use and not
for the benefit of any library or institution. I enclose payments as follows:
Dues for 1987 :
Subscription to Studies 30-31
Total

Name (please print)

Signature

Student applications. Dues are one-half the above rates. Subscription to the Studies is at full rates.
Have a faculty member verify your student status and send application with dues to above address.
Faculty verifying status .
Institution

Call for Nominations for the D. R. Fulkerson Prize

This is a call for nomination for the D. Ray Fulkerson Prize which will
be awarded at the XIlIth International Symposium on Mathematical Programming
to be held in Tokyo, Japan, August 29-September 2, 1988.

The specifications for the Fulkerson Prize read:

"Papers to be eligible for the Fulkerson Prize should have been published
In a recognized journal during the six calendar years preceding the year of the
Congress. This extended period is in recognition of the fact that the value of
fundamental work cannot always be immediately assessed. The prizes will be

glven for single papers, not series of papers or books, and in the event of joint
authorship the prize will be divided.

The term "discrete mathematics" Is intended to include graph theory,
networks, mathematical programming, applied combinatorics, and related subjects.
While research work in these areas is usually not far removed from practical

applications, the judging of papers will be based on their mathematical quality
and significance.”

The nominations for the award will be presented by the Fulkerson Prize
Committee (Manfred Padberg, Chairman, Martin Grotschel and Glan-Carlo Rota)

to the Mathematical Programming Society and the American Mathematical
Society.

Please send your nominations by January 15, 1988 to

Prof. Manfred Padberg
Tisch Hall, Room 517
*New York University
40 West 4th Street
New York, N.Y. 10003
U.S.A.

M. Padberg

13
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Future activities:
- The next COAL business meeting will be in Tokyo during the MP Symposium.

- The COAL meeting after that (1990 winter or summer) should be planned soon: Jan
will contact Bill Stewart to see if he is interested in organizing this meeting,

The future of COAL:

Although a number of COAL objectives have come closer to being realized in the past
several years there are many reasons why COAL should continue its work. Mentioned
were:

- not all objectives are realized (in fact, most not)
- COAL bridges the gap between theory and practice
- COAL meetings are the best ones (small, attractive)

- COAL is a meetingplace for subdisciplines within MP.

Other business:

- There is some concern about the lack of practical and computational papers in “Math-
ematical Programming”. As the flagship of the Society, the Journal should not reflect
this image of the Society. Jan will draft a letter to Council to start discussion and
thinking on this strategical issue.

Officers:
- Bob indicates his plan to step down as editor of the Newsletter after the Tokyo meeting;

- Jan indicates his plan to step down as chairman of COAL after the Tokyo meeting:
the suggestion that the custom of having the former editor appointed as the new
chairman might be used is not unfavourably received by Bob.

Closing:

The meeting is adjourned after 1 hr., 10 min.

Jan Telgen

COMPETITION FOR YOUNG STATISTICIANS
FROM DEVELOPING COUNTRIES

1989

The International Statistical Institute (ISI) announces the Fourth
Competition among young statisticians from developing countries
who are invited to submit a paper on any topic within the broad field
of statistics, for possible presentation at the 47th Session of ISI to
be held in Paris, France, in 1989.

Participation in the competition is open to nationals of developing
countries who are living in a developing country, who will not be
older than 32 years of age in the year during which the Session is
to be held.

Papers submitted must be unpublished, original works which may
include university theses.

The papers submitted will be examined by an international Jury of
distinguished statisticians who are to select the three best papers
presented in the competition. Their decision will be final.

The authors of the winning papers will be invited to present per-
sonally their papers at the Session of ISI concerned with all expen-
ses paid (i.e. round trip airline ticket from his/her place of residence
to Paris plus a lump sum to cover living expenses).

Manuscripts for the Competition should be submitted in time to
reach the ISI not later than November 1, 1988.

The rules governing the preparation of papers, application forms
and full details are available on request from the ISI Permanent Of-
fice to which interested individuals should write for further infor-
mation. The address is as follows:

The Director
Permanent Office
International Statistical Institute
428 Prinses Beatrixlaan
2270 AZ Voorburg
The Netherlands

15



‘areradoadde Sunyjowos saey nok J1 ussne[)
suap Jo qog] Jo Juryj asea[d {[e1ajewr pood 10} quny BY) U0 sAEM[E 2Iv SIOYPd O], -

“19390[smap a3 Fury1aF 10§ Aed szoquiswr

SJA 10u a1 oym ajdoad g 10 | Os[e {JUIUWASI)IIAPR 2UO SUIRIUOD 12)32[SMIN }5®[ oY, -

‘RRGT Ul IMpayds uo
19vq 2q 01 8gET ATenur[ puv 861 Jequiadag ut s1ajlEMaN 1xau ay) ysiqnd o3 sadoy
9H °LR8GT dunp ul ansst 9RGT I2qUIDA(] 2y} no Surnjynd 10j suoseal swos soA18 qog] -

119119[SMON TVOD

‘uoryedrjqnd Furjreme satpnis
JIN Jo 151 Suo[ ® jJo asnwdaq pake[dp 9q 0} SUIIS UOHEI[qNJ "MOU JIIYI-UI-I10}1Pd
o) )M ST WIIOYSPUIA] peg Ul Funeaw Ty 243 Jo 1no maad jyey) Apnis JN 24T, -

"9NSSI S} UO JosNaIY] ALId[ )M 10JU0D as0[d Ut dody [[Im o "pozi[eal oq Aew
FunnureiSol J [eoryewayjey [euoreindwoy uo HIS B WOV UIYImM jey) syrodar qog -

sonpoid jyFrur 99331uIwIod
201-pe 21} §)RIp Aue U0 jusWIMIOd 0F ssAUFUIIM Jayy passardxe juasard sioqUIDU
V0D 14 pajrodar aq pinod sanjiargor oN ‘[rouno) Aq pajdesoe usaq sey ‘9oUspIAd
[ruotjendwos Furyaodal 10§ sourEping oY) 9S1ASI 03 ST YIIYM ‘9933IUWIUI0D J0Y-Pe Y], -

"a9)31urwod azud ayy jo juaurjurodde
a1} Ul JUBWAAJOAUT TY (D Jourmr A[uo yim ‘ajoym e se £1a100g a3 Jo aztid e mou st

SunuureiSo1 g [edrpewayjew [ruolyeinduiod Ul 9ous|[PIXa 10§ az11d SARE-PIRYIIQ Y,

‘(dwyszaquiewt Ty Q) 10§ 28ed oy1soddo 99s) Aey) praeq
Surpnpur 7y 00 pautol aaey s1ayjo ‘dnysroquiswr dn UsAld aaRy sIIqULDUW Ty QD dWOS

TPUTjeoul SsoUlsn( 5e] o) 9oUIg

1007 Funeaw ssoutsnq © Jurarvy jo Aiqissod oYy Furyead snyy pue Funeew Ty IeMIal
® se doysytom aoru styy dn Furyyas 10§ ¢ SWYHIOF[Y pue SUOHR[NULIO] [9POJN,, U0 MYV
OLVN 23 Jo s1oztueSio ayj spiemo) apnjiyesd siy Juisserdxe 4q pouedo uer TFUGSAQ

‘SIaqUIBW G JJN PRISeIajul
130 N0} pue ‘eor[Ep) UG ‘(uruirey)) usSay, uep ‘10kSN qog ‘AeH praR( jussald

AemioN ‘ualiag ui
L86T ‘81 2unp uo Sunasy sseuisng TYQD 243 JO saInuipy

91

*13733[SMaU Y} Ul passaIppe aq [[Im sanssi
asay ], "paredwod pue pajenjead Kjradord aq pinoys suyjjirod|e Butururesdord [edyewayjews
Moy I0 ‘arnjelajl| ayj uy pajuasaid aq pnoys s1s9) asay) JO §}[NSAI IY) MOY ‘Ino patired
aq p[noys s3s9) [euonjeyndurod moy jo sanssi ayy jo Buipuerjsidpun red]d v padoaadp jou
sey uoissajoid ino ‘arep of, ‘Buiwrwresford [wdnyewayjewr [euorRINdwod Ul §INSIL MU JO
uonyeuiwassip pidel ayy Joj 3d1yaa ® apiaoxd 0y 81 3A1329(qo Arewrtad s 13739[smau ayJ,

STAAILDACHO HALLATSMIAN

‘uoljejuIUWINIOP pue 3sn jo ased ‘Burysay ‘Ayijiqertod jo sprepue)s uie)1ad jaauwr o) swesdoid
aynquisip oym asoyy 3uidesnoous (g) pue ‘swajqoid 189y I0j pur suolje[nd[ed [RIIUIB I10)
3[qe(ieae are jeyy swesdord 12yndwod 10§ yutod [e20j v sw Buiyoe (z) ‘suryyriodje Surredurod
Ioj siseq a|qejins @ Buunsua () :s{eod sofewr 3a1yy are ary] -Suywwesdord [ednyew
-yrewr ut sjuawrdojaaap [euoljeindwod uy paAjoAul si SWIYLIOB|Y UO WWOY) Y],

STAILOACdO TVOO



COMMITTEE ON ALGORITHMS OF THE
MATHEMATICAL PROGRAMMING SOCIETY

CHAIRMAN

Jan Telgen
Van Dien+Co Organisatie
Churchillaan 11

EDITOR

Robert R. Meyer
Computer Sciences Dept.
University of Wisconsin

3527 GV Utrecht Madison WI 53706
The Netherlands USA

MEMBERS
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
USA

02139

CO-EDITOR
Jens Clausen

DIKU

University of Copenhagen
Sigurdsgade 41

DK-2200 Copenhagen
Denmark

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
Nw\::wﬂ:mv:nm VA 23185

SA

Philippe L. Toint

Dept. of Mathematics

University Notre Dame de la Paix
Namur, Belgium

Stein W. Wallace

Chr. Michelsen Institute
N 5036 Fantoft

Norway

EX OFFICIO MEMBERS

Jan Karel Lenstra

Chairman Executive Committee MPS
CWI

Postbus 4079

1009 AB Amsterdam

The Netherlands

Michel L. Balinski
Chairman MPS Council
Ecole Polytechnique

5 Rue Descartes

75005 Paris

France



QYR IR e Ca R e L Y e 0 v TR ) e R L ) AU DS Sl U S S :OSSOQEDO ISI

) Ok BT oS BT e S SR ST R S s S EﬂmmOQEhm [RUONRWISYU] 3E]
g AR b LIl STl e A A O D Tl SUOIJRUIMION 9211 UOSIDN[N] 10] [[BD
P SRR U N T e M RN e e e d SUOIRUIWION 9211 %dm-ﬁ.—dﬁvuo 10 112D
751 2 e SR DR S IR N SR R DR S A R I i T s RN R e T o WSS * IRpUaTR)
INIOL ‘Ud
Qacinns, S\ MRSy © 0 uoneziund(Q Iesur[uo) 9[esg-a8rer] ul swa[qoid 1897, 10} [[’D
*\ ........................... -n.~o& A.WMA~»D.MUQAN~UE mﬂmz
HIAUN ¥
ORI Bt S 7 SR Pl nedes e 0 SRR R e I0)IPE-0D) 'S'[) WOIJ $230N
NEDTHL '
T b e ecereTion (o S Rl Sl o, T e 0B el e, 6 g wcmuvvz ssauIsng Ty 0D 241 Jo s9nuriy
SINALNOD
HUAHTN "4 THIHO0H L86T ANNC
sHoxIad
NASOVID SNAC 9T 'ON
JOND|SMIN

swyobjy vo sanjwwod) ‘EK
fMepog Gujwwosboig jorpowayoy) |H Q

UNIVERSITY OF WISCONSIN-MADISON
COMPUTER SCIENCES DEPARTMENT

1310 WEST DAYTON STREET
MADISON, WISCONSIN 53706

ROBERT R. MEYER



