5.

Contents of the tape: The submitted tape contains four files
optionally in single or double precision FORTRAN.

NLP: This file contains the nonlinear programming algorithm
in form of a main program, where the data are read in, '
or in form of two subroutines called NLPQL and NLPQL1,
respectively. Their usage is completely explained by ﬁ
the initial comments. Note that the code does not
contain a subroutine to solve the quadratic programming
or, optionally, the linear least sguares program.
A frame called QL is included in NLP to adapt the
quadratic programming subroutine QPSOL of Gili,
Murray, Saunders, and Wright [1], and has to be modified,
if any other algorithm is to be implemented.

TEST: The file consists of a main program to execute NLPQL
on the test problems published by Hock and Schittkowski
[2], and of some auxiliary routines.

LS: The file contains some subroutines to adaot the linear
least squares program NNLS published in Lawson and
Hanson [5], which could be implemented alternatively
to solve the subproblem. In this case, the user has
to implement NNLS and its auxiliary subroutines H12,
G1, and G2 in addition, and he should scratch sub-
routine QL from the file NLP.

PROB: The previously mentioned 115 test examples of Hock and
Schittkowski have been coded by the authors together
with their derivatives. If the test frame contained
in the file TEST is to be executed, then combine
certain groups of test examples in subfiles as indi- w

cated by some linking subroutines called CONV.

-

Literature: The mathematical algorithm, its converagence

properties, the usage of the programs, extensive test results,
and more implementation details are published in [10].

The mathematical algorithm is described in [9] and some
numerical results of a preliminary version based on least
squares subproblems are found in [8].

Numerical tests: The program NLPQL has been tested

extensively on approximately 500 test problems. Different
versions of the code obtained by exchanging program modules,
have been executed on the hand-selected and real life test
examples of Hock and Schittkowski [3]. Furthermore the
numerical performance of NLPQL has been evaluated on randomly
generated optimization problems as described in [7] and

can be compared with the performance of 26 other available
nonlinear programming codes. The results are published in
[10]. There have been some practical applications of pre-
liminary versions of NLPQL. Among those are a taxation
problem at the University of Rotterdam, cf. Louter and

Stern [6], and the optimal velocity control of a cryogenic
cooled wind canal at the DFVLR in Oberpfaffenhofen, cf.
Kraft [4]. Further copies of NLPQL have been purchased by
several mechanical engineering departments to solve

mechanical structural design problems.

Hardware facilities: The numerical tests cited in section 7
have been performed on an IBM 370/168 at the Stanford
University in double precision and on a Telefunken TR440

at the University of Wilirzburg in single precision arithmetic.

Requests of the author: Although the author feels that the
programs have been tested as thoroughly as possible, no
guarantee can be given that the codes are completely free

of errors. The user is kindly requested to inform him about
programming errors, difficulties in implementing and
compiling the FORTRAN source, possible misinterpretations of
the documentation, and any features that could improve the
performance and usage of the codes. In addition the author
would be very grateful to learn about practical applications
of nonlinear programming algorithms and asks the user to
send him any available information material (preprints,
computer outputs, etc.).
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numerical performance of NLPQL. In this case, the
positive definite matrix describing the quadratic
approximation of the Lagrangian function, will be
replaced by its triangular factor. A user could
exploit this feature for solving unconstrained or
simply constrained optimization problems.

Feasible starting point for the subproblem: In certain

error situations, the subproblem will be expanded by an
additional variable to avoid inconsistent linearized
constraints. Alternatively the expanded subproblem
could be formulated in each iteration, so that the
quadratic programming or linear least squares algorithm
is always provided with a feasible starting point.

d) Scaling: An automatic scaling procedure is included in

e)

£)

g)

NLPQL based on a default value. This specific scaling
factor can be omitted or altered. It is furthermore
possible to provide NLPQL with individual scaling values
for objective and constraint functions when executing
the code.

Reverse communication: A user is allowed to perform

reverse communication, the most flexible way to solve an
optimization problem. In this case, only one iteration
step will be performed by NLPQL. Then the subroutine
returns to the main program where new function and
gradient values have to be calculated. A subsequent call
of NLPQL continues the iteration.

Numerical differentiation: If a user wants to calculate

the gradients analytically, he has to provide a sub-
routine called GRAD. Otherwise a subroutine included in
the program package will be executed automatically,
utilizing a simple forward difference formula.

Additional problem information: Initially the approximation

matrix for the Hessian is set to the identity matrix and

the initial estimates for the multipliers are set to zero.

Alternatively a user could provide NLPQL with his own
guesses.

(9]

[10]

K. Schittkowski, On the convergence of a sequential quadratic
programming method with an augmented Lagrangian line
search function, Technical Report SOL 82-4, Dept. of
Operations Research, Stanford University, Stanford,

USA, 1982.

K. Schittkowski, Design, implementation, and test of a
nonlinear programming algorithm, to appear.
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Mathematical model: The program NLPQL has been designed
to solve the general nonlinear programming problem

min f£(x)
auﬁxv =0 , uug.....am ’
x € R" :
ouﬁxv >0 , uu3m+ 1606 9m 4

X9 € x <€ Xyoo.

It is assumed that all problem functions are continuously
differentiable. Linear constraints cannot be provided
separately, but the algorithm will take advantage of their
special simple structure implicitly, cf.2 .

The algorithm: NLPQL utilizes a sequential quadratic
programming method, also called recursive quadratic pro-

gramming, variable metric, or Wilson, Han, Powell algorithm.

In each iteration, a quadratic programming subproblem is
formulated by linearizing the constraints and aporoximating
the corresponding Lagrangian function quadratically. A .
new iterate is calculated then by minimizing a so-called
merit or penalty function along the search direction ob-
tained from the subproblem. The Hessian matrix of the
Lagrange function is approximated by the BFGS-method, i.e.
a special quasi-Newton or variable metric update formula.
If some or all constraints are linear, then the algorithm
provides the subproblem with the same linear constraints.
In particular the solution method for the subproblem which
is to be implemented by the user, can take advantage of
special structures.

Domain of application: The program requires core storage
for approximately sm + mn + 9m + 28n real variables plus
the additional storage which might be required to solve the
quadratic programming subproblem. Note that a subroutine
for solving that subproblem, is not included in the program

package distributed by the author. The intention is that

decreasing utility function to reflect the decision-maker's
attitude toward performance results. The methods are then ranked
according to their expected utility values.

Briefly, the expected utility approach involves the following
steps:

Step 1 Choose a target value t; for each problem and compute
the (absolute) percentage deviation of the results of
applying alternative methods from the target value.

Step 2 Fit a probability distribution to the observed percent-
age deviations of a single method across the various
test problems.

Step 3 Select a fixed utility function and calculate the
expected utility for each alternative using the distribu-
tion obtained in Step 2.

Step 4 Rank order the alternatives according to their expected
utility values and select the alternative with the
largest value as the preferred method.

In Step 2, we have chosen a two-parameter gamma distribution

of the form
o -1 =
%) - Amvn e *® i1 0.

However, if there are some p, = 0, then a mixed gamma distribution
of the form 1)

£(x) = pso(x) + (1-p)h (x) 0 <p<l

where aoﬁxv is the delta function based at 0 and h(x) is a
two-parameter gamma distribution might be more appropriate.

In Step 3 a decreasing utility function which is either
increasingly, constantly, or decreasingly risk averse may
be chosen.

The expected utility approach outlined above has been applied
to studies in such diverse fields as combinatorial optimization,
economics, operations management, marketing, education, and
forecasting. 1In each of these applications the ranking obtained
via the expected utility approach generally confirmed the original
researcher's findings and also provided additional information
in the form of a complete ranking of all alternatives.
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AN MPS PRIZE FOR EXCELLENCE IN
COMPUTATIONAL MATHEMATICAL PROGRAMMING?

J.K. Lenstra

Mathematisch Centrum, Amsterdam

A.H.G. Rinnooy Kan

Erasmus University, Rotterdam

Should the COAL proposal for the creation of an MPS Prize for Excellence
in Computational Mathematical Programming be accepted? With due respect
for the contributions made by COAL in the past, we have strong doubts on
this issue. This is not because we would want to deny the importance of com-
putational studies. On the contrary, the ultimate test for mathematical pro-
gramming algorithms is how they behave in practice, and the proper design
and analysis of experiments to predict this practical performance is of evident
interest. However, so are many other aspects of our profession. Why should
this particular activity then be singled out for a special prize?

It is not as though no other prizes are available to honor excellent computa-
tional work. For example, the chairman of the Dantzig Prize Committee has
confirmed that this prize might well be handed out for research centering
around computations. Recently Harlan Crowder, Martin Grotschel and
Manfred Padberg received honorable mentions at the occasion of the 1980
ORSA Lanchester Prize for rescarch on the traveling salesman problem that
had a strong computational flavor. And at the TIMS XXVI International
Meeting (June 1984, Copenhagen), a $2000 IBM prize will be awarded for the
best paper showing the role of computers in operations research. There is
nothing in the rules governing these and other prizes that disqualifies compu-
tational work. In fact, an unfortunate side effect of a separate prize would
probably be to cause such a disqualification, simply because of its existence.

More generally, it does not seem to make sense to create a separate prize for
a relatively small subarea emphasizing empirical tests and evaluations. This
might even increase the isolation of the area and reinforce the lack of appre-
ciation under which experimental research was carried out for so long, in the
same way that specialized journals sometimes add to the splendid isolation in
which certain fields of science choose to develop themselves. Computational
studies form an integral part of mathematical programming, and its practi-
tioners should be as much part of the mainstrcam of the Mathematical Pro-
gramming Society as the other categories of researchers that compete for the
-existing prizes. If the COAL proposal would be accepted, what is there to
stop other small groups from advancing similar proposals? Are we to have a

GOAL prize for multicriteria optimization, a GHOST prize for fuzzy investi-
gations and another COAL prize for energy studies? If anything. there are
too many prizes already rather than too few.

The Society should certainly encourage good computational work. It should
stimulate its publication in Marhematical Programming and in the Mathcmati-
cal Programmiing Studies, it should provide facilities for the Committee on
Algorithms, it should welcome special sessions at the Symposia and it should
sponsor special meetings. Real recognition for excellence in computational
mathematical programming will occur only when a prominent rescarcher
from this area receives one of the available professional prizes in direct com-
petition with excellent researchers from other areas. This has happened in the
past, and therc is no reason to believe that such an incentive will be less
cffective in the future.

REDUNDANCY IN MATHEMATICAL PROGRAMMING

Mark H. Karwan, Vahid Lotfi, Stanley Zionts
State University of New York at Buffalo

and

Jan Telgen
Rabo Bank
Nmimn. The Netherlands

The authors of this paper conducted a study during 1980 and 1981, investi-
gating the efficiency of size-reduction techniques in linear programming (LP)
problems. The study, as well as new methods which were developed as a conse-
quence, are published in [1]. In this note we present a general description of

the study and a brief summary of the results.

1. INTRODUCTION

We began the study by performing a comprehensive survey of the literature
on redundancy. The survey resulted in selecting ten of the most promising
size-reduction techniques for further investigation. These methods were
developed by S. Zionts and J. Wallenius, T. Gal, J. Telgen, D. Rubin, T.
Mattheiss, D. Klein and S. Holm, H. Williams, A. Boneh, A. Sethi and G.
Thompson, and G. Bradley, G. Brown and G. Graves. The first nine methods were
programmed by one of us (Lotfi) in FORTRAN to be tested on the computer. The
last method (Bradley, Brown and Graves) was mainly concerned with large-scale
problems and the substantial reduction in problem size that can be made by
exploiting problem structure. Even quite simple tests such as zero rows or
singleton columns can lead to large reductions in large-scale problems
presented to a problem solver. We presented the method in the volume but did

not program it for further testing.
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MPS Prize in Experimental and Computational Mathematical
Programming

Purpose:

To recognize and reward excellence in experimental and
computational mathematical programming.

Eligibility:

To be eligible a paper or a book must meet the following
requirements:

: 8%

It must be on computational mathematical programming.
The topics to be considered include:

a.

experimental evaluations of one or more mathematical
programming algorithms,

the development of new methods for empirical testing
of mathematical programming techniques (e.g., design
of a computational experiment, identification of new
performance measures, methods for reducing the cost
of empirical testing),

the development of quality mathematical programming
software (i.e. well-documented code capable of
obtaining solutions to some important class of MP
problems) coupled with documentation of the application
of the software to this class of problems, or

the development of a new computational method that
improves the state-of-the-art in computer implementations
of MP algorithms (e.g., a faster update formula, or &
scheme for storing networks that speeds traversal)
coupled with documentation of the experiment which
showed the improvement.

It must have appeared in the open literature. If software,
it must be available in a language acceptable to the
screening committee.

Documenation must be written in the English language
(translations of material published in other languages
is acceptable).

The publication date must be within the three year pericd
prior to the year in which the triennial meeting of the
MPS is held. (Papers elligible for the 1985 prize must
have been published within the years 1982 through 1984.
The next prize will consider papers published within the
three year period beginning 1985.)

The randomly generated problems were generated by using a modified version
of 0'Neill and Layman's method [3]. The thirty problems consisted of six sets

of problems with different characteristics as follows:

A
Problem*
Set Constraints Variables**  Degeneracy Redundancy
1 10 10 None None
Level 1 2 10 10 50% None
3 20 10 None 50%
Level 2 4 20 10 50% 50%
5 20 10 None None
Level 3 6 20 10 50% None
* Each set contained 5 problems.
** Excluding slack variables.

The above design enabled us to make pairwise comparisons among different
sets of problems for their special characteristics. For example, we compared
the performance of a given method on degenerate problems versus nondegenerate
problems either for small problems such as sets 1 versus 2 or larger problems

. such as sets 5 versus 6.

The structured problems were collected from various sources and ranged in

size from 14-constraints, 12-variables to 96-constraints, 70-variables.
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PROPOSAL f'OR A PRIZE IN
COMPUTATIONAL MATHEMATICAL PROGRAMMING

The following is a proposal for a prize to be offered in
computational mathematical programming. The Committee on
Algorithms is proposing to the Mathematical Programming
Society that such a prize be given to acknowledge that the
field of mathematical programming rests fundamentally on the
empirical performance of algorithms. This proposal is currently
in the drafting stage and is presented here for your review.

We would likt to receive any suggestions you might have by

April 1, 1983 so that the Committee can, where appropriate,
wroonvonmnm these suggestions into the proposal which will be
submitted to Council by May 1, 1983. Please send these suggesticns
to Karla Hoffman, Center for Applied Mathematics, National Burezu
of Standards, Washington, D.C. 20234.

To clarify what the committee had in mind when we proposed
this prize, I present a brief list of examples of research topics
which might be considered such a prize committee as well as
research not considered relevant for this prize. These lists
follow. Note that these lists are merely examples to clarify
the intentions of those drafting the proposal and are not all-
inclusive.

Examples of research which might be nominated:

1. Computional investigations which contribute to systematic
emperical knowledge or to improved understanding of the
convergence characteristics of mathematical programming
algorithms.

2. Computational experimentation showing the capabilities of
a new MP method over previous techniques used to solve that
class of problems.

3. Testing of a variety of well-used MP Software packadges in
a way which unambiguously indicated the superority of
certain techniques.

4. A comparison of "artifical" and "real-world" test problems
that clearly reveals their similarity and differences.

5. The development of methods for reducing the cost of emperical

testing of classes of MP software.

Mattheiss' method was based on enumerating the entire set of extrere
points (of an embedded polytope). The redundant constraints are never binding
at any extreme point. This approach required a large storage space and did nst
perform as well as the sign test methods. Simply put, the embedded polytopes

generally contained a large number of extreme points.

The methods of Klein and Holm, and Williams attempted to identify nonbind-
ing constraints and extraneous variables. Klein and Holm's method solved a
problem with special structure (problems with nonnegative constraint matrices).
For this method we used a special set of test problems. We then compared the
results of Klein and Holm's method with those of Zionts and Wallenius' method
after eliminating certain obvious implicit equalities and extraneous variables.
Though Klein and Holm's method took less time and generally fewer iterations,
it did not identify all redundancy or extraneity. The method uses relatively
little time so that it could be used for "quick" reductions. Williams' method
performed best on problems with a high degree of redundancy and degeneracy.
But its overall performance when compared with the sign test methods was not
very impressive. The significant factor in reducing its potential were the

lack of tight variable bounds.

Thompson and Sethi's "noncandidate no:wo1m¢:n= method was compared with
the regular simplex method. The noncandidate constraint method outperforred
the regular simplex method on problems with high degrees of redundancy and

degeneracy. Though the authors had suggested that the method's efficiency



*TY0D 3O saAT3Ioalqo ay3 adueape padray butumrexbhoxd
TeoT3iewayiey uo umTsodwdAs SIW YITT 2U3 ‘g3oadsax TTe UI
-putumrexboxd TeoTjewayiew [ejuswrTiadxd pue Teuotiejndwod

03 peojeTax so1do3 HUTIDAOD SUOTSSOS TeDTUYDD3 papualle TT=aH

Auew 2I9M °9I9Yy3l ‘SOTITATIOR SATIRIISTUTWPR ISO8Y] SIPTSdd

swa| qouad 43buae| uo ‘uendrjJaed up  *sased |eLoads uL dALSSaudwl J43yjed paaoud
yoeoddde siy] wayqoud 3yl jo azis ayjy buronpaua Aqauayy paLjLjuapt 3Jam A3yl
S® UOOS SP SJULPUISUOD pUR SI|QRLJRA YONS PAJRULWL[D M °SO|QRLJARA SNOJURUIXI
pu® SJULRUISUOD BulpuLquou Se | |dM S SIULRUISUOD JueRpUNPAL A LIudpL 03 SN
paLqeua yoeoadde sityj -wa|qodd ay3 bura|os I Lym swa|qoud [enp ayj} pue |ewlud

343 y3oq 031 poylaw 3s33 ubiLs papuaixa ayj A dde 03 SeM UOLSUIIXD 3SB| UNQ

*poyjaw 3S33 ubLS papualxa 3yl st awes Y} pawuojJad 3L “U3A3MOH “poyiauw
UOL}O3ULP 33RULPIO0D 3Y3 pawuojuadino poyjlaw pL4aghAy SLyj] “poyjaw uoL3daJLp

9]RULPUOOD 34y} Y3ILM poyjaw 3saj ubLs papuaixa ayl pauLquod uayl M

*A3ud3SLSu0d spoyjaw 3say ubLs
543 pawuoju4adino poyiaw 3s23 ubiLs papuaixa ayj ‘pajedLdoLjue pey aM Sy “Spoyiau
3593 ubis ayy buihjipow pue Buruirquod 40 3| NSaJ4 3yl Sem ‘poyjaw 3sa3 ubis
P3pUaIXad 3yy pa|[ed ‘JuswaAoJddwl 3SALS AnQ  "wWAy3l pajsay pue seapt buisiwoud
340W 3y} JO JWOS PIIALIS BM “SUOLSUIIXD pue SjudwdAOLdwi 404 SaLL|LqLssod

AuRW P3JAA0ISLP @M “S3aNbLuyda} uOLIINPAJI-3ZLS SnoLJeA 3ayy buihpnys uj

SIN3IWJ0TIA3Q ¥3HIO  °S

*Bbutstwoad
351nb S}00| YJOM 4LdYy| °pajaldwod Sem Apnis 4no JJULS SAUNIINALS wa3|qoud
let2ads uo wayj paisay os|e pue yoeoudde 4L3y3 03 Sjudwaroadwi 3pew 3Aey

1413S pue uosdwoyj °“SLy} AJL4dA 30U PLNOD IM 3ZLS UL 3SRIUJUL YILM S3AOudul



COAL-RELATED ACTIVITIES AT THE 11TH MPS SYMPOSIUM IN BONN

At the council meeting of the Mathematical Programming Society

the following COAL-related actions were taken:

1.

5.

Approval by concensus of the Council of the acceptance of
the resignations of three members of the Committee and
the appointment of five new members. A list of the current
members of COAL can be found elsewhere in the newsletter.
Acceptance of Ric Jackson's resignation as chairman and

of Karla Hoffman's appointment as Chairman.

Acceptance of Jan Telgen's appointment as Editor of the
COAL Newsletter.

The Society agreed to undertake additional financial
support of the COAL newsletter. The Council has authorized
a budget of no more than 1500 dollars per year for this
support.

After much discussion about the possibility of establishing
a COAL Prize for excellence in experimental and computation
mathematical programming, it was decided that a draft
proposal would be sent to council members for comment.

COAL would then submit to council a final proposal at a
later date. A copy of the current version of the proposal
can be found elsewhere in the newsletter. We welcome all

comments and discussion about this proposal.

On Tuesday evening, COAL held their open business meeting in

which the decisions of MPS Council were announced. In addition,

it was agreed at that meeting that:

l.

COAL would organize our third international conference on
experimental optimization to be held in Europe in the summer
of 1984. Klaus Schitthowski agreed to take responsibility
fo organizing this meeting. It was agreed that the meeting
would be held either directly before or directly after the
TIMS meeting which will take place in Denmark that summer.
COAL would begin preparing a catalog of test problems in
mathematical programming. Procedures for publishing and
distributing this library would be determined.

A majority of those at the COAL business meeting approved
of the idea of establishing a prize in experimental
mathematical programming. Therefore, the Committee would
continue its efforts in this area.

containing a high degree of redundancy and degeneracy, our extension

outperformed the regular simplex method by a wide margin.

In the course of study, several other ideas of improvements and extensions
were developed. Many of these ideas warrant further study. The reader may
refer to Lotfi [2] or to Karwan, Lotfi, Telgen, and Zionts [1] for full

details.

REFERENCES

(1] Karwan, M. H., Lotfi, V., Telgen, J., and Zionts, S., Redundancy in
Mathematical Programming, volume under print by Springer-Verlag,
Berlin, 1983.

[2] Lotfi, V., "A Study of Size-Reduction Techniques in Linear Programming,"
Doctoral Dissertation, State University of New York at Buffalo, 1981.

[3] 0'Neill, R. P. and Layman, C. H., "A Study of the Effect of LP Parameters
on Algorithm Performance," Computers and Mathematical Programming,
National Bureau of Standards, 1978.
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MESSAGE FROM THE CHAIRMAN

I am delighted and suprised that in the past few years the

number of persons receiving this newsletter has increased from
an original mailing list of 60 to one now totalling over 900
names. This newsletter was always planned as an informal outlet
for communication about research in computational mathematical
programming and the response indicates to me that there is a
broad community who is interested in the results of that researc:.
Beginning with this issue, COAL has a new newsletter editor.
I would like to take this opportunity to ask that you help Jan
by sending him news of your research, of meetings, of notices
of talks, information about software and/or test problems and
suggestions about what you would like to see in future issues
of the newsletter.

Since this is my first message as chairman, I think it is an
appropriate time for me to explain that the Committee on
Algorithms is composed of only 14 people. Without the help of
many "friends" of COAL, the achievements of the committee would
not have been possible. I thank you for that assistance and hope
that it will continue and even grow in the next few years.

We are now in the process of reviewing our past objectives and
considering what future directions the committee should take.
Originally, COAL was concerned solely with the testing of
Mathematical Programming Software. However, recently many of the
memebers and "friends" have suggested that our objectives should
be broadened to include other computational aspects of Mathematical
Programming. I would welcome your views of this issue.

Our activities in the near future include sessions at upcoming
ORSA/TIMS meetings and at other international society meetings.
Included in this newsletter is a proposal for a prize to be
awarded for research in computational mathematical programming.
If the Council of the Mathematical Programming Society endorces
this idea, the first award will be presented at the 12th
Mathematical Programmaing Symposium in 1985.
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COAL OBJECTIVES

The Committee on Algorithms is involved in computational
developments in mathematical programming. There are three
major goals: (1) ensuring a suitable basis for comparing
algorithms, (2) acting as a focal point for computer prograr=
that are available for general 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 OBJECTIVE

The newsletter's primary objective i
for the Friends of COAL. Through an i
opinions, members have an opportunity
experiences. To date, our profession }
clear understanding on the issues of !
should be carried out, how the results
be presented in the literature, or h
algorithms should be properly evalua

issues will be addressed in the newsl
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