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A COMPUTATIONAL COMPARISON OF 2-PHASE ALGORITHMS AND
A RECURSIVE QUADRATIC PROGRAMMING ALGORITHM

G. van der Hoek, Econometric Institute, Erasmus University Rotterdam

1. The design of computational experiments and the selection of test

problems ~
Theoretically the performance of a general nonlinear programming al- v
gorithm can be described in terms of convergence and rate of convergence. ‘

Then for suitably chosen problems, the gusranteed convergence and/or bounds
on the rate of convergence can be calculated. ‘
However, it is not advisable to compare general algorithms solely on a
theoretical basis, as the actual convergence behaviour is clearly problem
dependent. In practical problems convergence is obtained frequently under
violation of theoretically imposed conditions, such as convexity or diffe-
rentiability. Besides that up to now no single nonlinear programming algo-
rithm has proved to be superior to all other nonlinear programming algo-
rithms for every testproblem and for every required accuracy. For instance
algorithms based on penalty functions do not use explicitly the given
linearity of constraints, hence we expect them to be inferior to projection-
like methods in case of application to linearly constrained problems. On
the other hand penalty function like methods are expected to behave better
on problems which contain (high) nonlinearities. The comparison of the
algorithms of this note is still less simple: the recursive quadratic
programming algorithms apply linearisations of the first order conditions
of penalty functions, while the 2-phase algorithms apply a quadratic loss
function in phase I and a linear penalty-like term together with lineari-
sations in phase II.

A theoretical comparison of algorithms should be supplemented by a .
computational comparison: the algorithms are applied to a set of repre-

sentative test problems and the efficiency of various methods in solving

-

these test problems is measured in terms of some performance indicators.
The representativity of the set of test problems means that both theore-
tical and practical problems are considered; there should be a significant
difference in degree of nonlinearity, dimension, number of constraints

and number of active constraints at x*. To meet all these requirements,

we selected a number of test problems from the standard literature such
as Himmelblau (1972), Colville (1968), Bus (1976), Cornwell, Hutchison,
Minkoff and Schulz (1978) and Hock and Schittkowski (1979). An advantage
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of such a test battery is that a comparison with computational experi-
ments of other researchers is possible at acceptable costs.

A drawback of generating test problems randomly is that the resulting
'random' problems can have special properties. This means that the ran-
domly generated problems may not be as random as they are supposed to

be. Recently Van Dam and Telgen (1979) reported on this phenomenon for
the case of randomly generated polytopes.

The set of test problems selectedcan be found in appendix A of Van der
Hoek (1980). It is divided into 2 classes: 11 linearly constrained non-
linear programming problems (class LC) and 13 nonlinearly constrained
nonlinear programming problems (class NLC). The class LC represents the
majority of programming problems evolving from business applications
while the class NLC especially corresponds to programming problems in re-
search, development and engineering. The results obtained illustrate that
it is not trivial to predict the influence of the problem characteristics
on the performance of algorithms: a few highly nonlinear constraints may

cause more difficulties than many active (almost) linear constraints at x*.

2. Termination criteria

In order to compare the robustness and the efficiency of competetive
algorithms for constrained nonlinear programming, we have to apply the
same termination criteria to all those algorithms. A cheice remains to Le

made from the following general criteria:

i (relative) objective function improvement

ii  (relative) stepsize

iii acceptable constraint violation

iv  satisfaction of the first- or second order Kuhn-Tucker conditions
v satisfaction of the Jacobian uniqueness conditions.

The criteria i and ii directly concern the iteratively generated seque:
Axwv and the corresponding function values. Criterion iii is self-evid:
and especially concerns possible constraint violations in the iteration
points of the recursive quadratic programming algorithms. For well-beh:-«d
problem functions criteria iv and v will be met to within a certain pr
cision as soon as ii and iii are satisfied.

Hence we decided to apply ii and iii as termination criteria, which me
that x* is located with a prescribed relative accuracy and that the cc

straint violations, if any, do not exceed a predesigned bound.
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COMPUTATIONAL METHODS FOR MINIMUM SPANNING TREE PROBLEMS

R. E. Haymond, J. P. Jarvis, Clemson University
D. R. Shier, National Bureau of Standards,
Center for Applied Mathematics
Washington, DC 20234

Minimum spanning trees, which connect together nodes of a network at minimum
cost, find application in such diverse areas as distribution systems, cluster-
ing, pattern recognition, and reliability. This paper surveys the well-known
procedures of Kruskal, Prim, and Sollin for constructing minimum spanning
trees. Various data structures that can facilitate the implementation of
these procedures are also examined in some detail.

A preliminary computational study has been performed using four variants of
the Kruskal algorithm and two variants of the Prim algorithm. All six algor-
ithms were coded in "structured” FORTRAN and were designed to be highly modu-
lar. Thus, all Kruskal-type algorithms were identical except for minor dif-
ferences in the initialization section and more substantial differences in the
"cycle-detection" section. A similar modular approach was used in designing
the Prim-type algorithms.

The test problems used were randomly connected networks with 25-500 nodes and
25 to 14,000 edges. Network edge densities ranged from 10 percent to 100 per-
cent, and edge costs were randomly generated from a uniform distribution over
1 to 10,000. Both CPU times (using the extended H compiler on an IBM
370/3033) and statement counts (using the WATFIV profiler) were collected dur-
ing the test runs.

Computational results indicated that the Prim-type algorithms were superior to
the Kruskal-type algorithms, even at low densities (a surprising result). The
empirically-measured CPU time for the Kruskal algorithms was O(m log m), while
the empirical behavior of the Prim algorithms was oA=~v. where n is the number
of nodes and m is the number of edges in the network. The fast algorithm (a
Prim procedure) required no more than .21 seconds--which occured for a 300
node network with 13,455 edges. The performance of this prim algorithm, which
is the only algorithm among those tested that is sensitive to the actual mag-
nitudes of the edge costs (rather than simply their rank), was considerably
enhanced in further tests on networks with a smaller range of edge costs.

A technical report that documents these findings can be obtained by writing to
J. P. Jarvis, Department of Mathematical Sciences, Clemson University, Clem-
son, SC 29631.
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related algorithms. Furthermore, the required machine independence is pur-
sued to simplify comparison with experiments on other computers. A dis-
turbing factor in the measurement of the indicators is the use of prior
information which is not included in the statement of the problem, such

as an initial value of the penalty parameter, the initialisation of the
inverse Hessian approximation etc. We excluded these undesirable influen-
ces by using the same parameter values for all test problems, except 1
very unfavourable case. This means that all results concern one and the
same implementation where no attempt is made to 'optimise' the parameter
choices with respect to a particular problem. The obtained parameter
choices are 'safe', in the sense that both the efficiency and the robustress
of the resulting implementation are satisfactory with respect to the pro-
blems investigated.

Possible performance indicators are:

i  "Ease of use" of the algorithm.
ii Number of failed runs or robustness of the algorithm.
iii The (standardised) number of CPU-secs, needed to solve problems.

iv The number of problem function evaluations needed to solve problems.

The first mentioned indicator ease of use, could be measured in terms of:
preparation time for executing a problem, the difficulties met in diagno:
tic work to find the causes of failures, the possibility of human errors
(e.g., in analytically supplied derivatives). Though these aspects shoul
be reweighted in comparing algorithms, they are really programmer depen-
dent as well, hence we consider them to be qualitative indicators which
are hard to measure objectively.

The second indicator, the number of failed runs, is indicated by simply
marking those runs by the character F in the corresponding position of
the table of results.

The (standardised) number of CPU-secs can be regarded as an indicator of
the 'total effort' to solve a problem. A part of this effort will be re-
flected in the number of problem function evaluations, the remaining par
mainly concerns all kinds of calculations performed during the execution
of the program. Usually the time required for I/O-generation is excluded
from these figures.

The rationale for using standardised CPU-times was to eliminate machine
dependent and environment dependent influences such as access to memory

and multiprogramming facilities. Usually the standardisation of CPU-time
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Four of the most significant of the approximately 70 algorithmic implementa-
tions are treated in this note. The first, labeled FIFO, represents the "col-
lective wisdom" of the numerous contributors to the classical label tree
school of thought. This code scans the arcs incident to a node in a first
labeled, first scanned order. The determination of the allowable flow augmen—
tation is postponed until breakthough has occurred. In addition, after aug-
menting flow, a portion of the labels in the label tree are retained. The
second code, referred to as MAXAUG, processes the nodes according to the lar-
gest augmentation criterion. That is, the node which allows the largest flow
augmentation from the source node in the current label tree is processed
first. An address calculation sort is used in order to efficiently carry out
this ordering. Our implementation of this method makes it astonishingly more
efficient than prior studies found it to be. The third code presented here,
called SUBREF, is an implementation of what we called the subreferent algor=-
ithm, developed in this study, which turned out to be the best of the several
referent-type algorithms tested. This algorithm departs from Dinic's method
and its recent variants by keeping track of the referent (actually, only a
subset) in an implicit manner that accelerates labeling and flow augmentation,
while simultaneously avoiding blind alleys potentially encountered in other
approaches. The final code, referred to as PRIMAL, is our best overall imple-
mentation of the specialized primal simplex algorithm. A special basis tree
structure is used in order to enhance the solution capabilities of the code.

In terms of computer memory requirements, PRIMAL is the best of our 70 imple-
mentations. As indicated in Table 2, PRIMAL requires roughly one-third of the
core storage of the other approaches. This suggests that the specialized pri-
mal simplex algorithm would be ideal for applications requiring the solution
of a series of maximum flow problems within a larger master problem.

Relative solution efficiencies, discernible from the times tabulated in Table
1, show that the classical FIFO approach is strictly dominated often by all
other approaches and always by at least two of the other three codes. Our im-
plementation of the sub-referent algorithm is the best code for the problem
topologies with a low degree of underlying structural specificity. A complete
report on our algorithmic development and testing [4] can be obtained upon re-
quest from the authors.

Table 2

Required Number of Arrays*

Code IN| Al ¢
FIFO 4 6 0
MAXAUG 5 6 1
SUBREF 5 6 0
PRIMAL 7 2 0

»_z_ node length array. _>_ arc length
array. ¢ maximum arc capacity length
array.
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constraints. The 2-Phase implementations behaved better with central
difference quotients with €, = do|r. The results obtained are mentioned

in the table in the columns indicated by I - III. The columns indicated

by COMET, Lootsma, GREG and GPMNLC are taken from Staha A_wdwv who used
Himmelblau's set of testproblems. Our problems 2, T, 9, 12, 15, 16, 18,

19 and 20 are the same as problems 17, 10, 4, 24, 11-1, 7, 13, 9 and 18-1
respectively of Himmelblau's collection. Staha's figures concern experi-
ments with numerical derivatives as well. The COMET algorithm was proposed
in Staha (1973). It is a penalty function algorithm which applies moving
truncations of the constraint set to control the convergence towards the
optimum. Lootsma's implementation concerns a mixed interior point-exterior
point penalty function algorithm which applies extrapolations to accele-
rate the convergence towards the optimum. GREG denotes the Generalised
Reduced Gradient algorithm of Abadie and Guigou (1969). It is based on .
linearisations using constrained derivatives to project conjugate directions
on the feasible set defined by the linearised constraints. Newton iterations
are used as a restoration procedure. GPMNLC is an implementation of Rosen's
Generalised Projection Method for Nonlinear Constraints. It applies Gold-
farb's projection formulae for linear constraints with a quadratic loss

penalty function for the nonlinear constraints.

Discussion of the computational results

The results summarised in the table are an indication of the robust-
ness and the efficiency of the implementations of the algorithms.
The RQP-algorithm seems to have more difficulties to solve the test in
a satisfactory way: two less attractive local solutions were reached
(problems 11 and 21). However, it succeeded in determining in problem 17
a local solution that is overlooked by most algorithms. Probably this
behaviour of RQP is due to the fact that it allows for infeasible iteration
points. On the other hand, RQP is more efficient, both for the linearly
constrained and the nonlinearly constrained problems. This result is rather
surprising as far as the linearly constrained problems are concerned. It
might be caused by the linearisation of the first order conditions of the
exterior penalty function, which forms the basis of this algorithm. For
the special case of testproblems with (almost) n active constraints at x*
(problems 3, 7, 8, 10, 11, 12, 14, 15, 16, 18, 20, 22 and 24) RQP clearly
improves on the 2-phase algorithms.

The 2-phase algorithm II, which linearises all nonlinear constraints
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RECENT COMPUTATIONAL TESTING

Extensive computational testing of the 70 algorithmic implementations (over
all three classes of methods), was conducted on the University of Texas' CDC
6600 using the FORTRAN MNF Compiler. All codes were executed during periods
of comparable demand for computer use and were implemented by the same systems
analysts with no attempt to exploit machine hardware characteristics.

The primary objective of this research effort was to design a solution algor=-

ithm to solve the large-scale maximum flow problems that arise in the analysis
of real-world transportation systems. 1In order to evaluate the solution capa-
bilities of the numerous algorithmic variants and refinements that were
studied, a data base of test problems was developed after consulting with a

number of researchers in the network area on problem structures most appropri-
ate for investigation.

Four distinct problem topologies were considered: (1) pure random, (2) multi-
terminal random, (3) multi-terminal grid, and (4) dense acyclic. A uniform

probability distribution was used in all instances to randomly select {items
such as nodes and upper bounds.

The random networks were constructed by initially identifying the node set N
(whose elements may be assumed to be numbered from one to [N|). The arcs were
generated by successively selecting ordered pairs of nodes, ue€ Nand v e N -
{u}, thus creating an arc (u,v) for each pair selected. Multiple arcs direct-
ed from node u to node v were not allowed in this, or the other three, classes
of test problems. The integer upper bounds, or arc capacities, were selected
within a pre-defined interval. The source node, s, and the terminal node, t,
are randomly chosen from the elements of N.

The multi-terminal random network class exhibits a small degree of underlying
structure. The source and terminal nodes for these problems actually play the
role of master source and master terminal nodes. This results by assigning
infinite capacities to all arcs incident upon these two nodes, so that all
nodes in the forward star of the source node serve as "effective sources,"” and
all nodes in the reverse star of the terminal node serve as "effective termi-
nals." The overall impact of this slight generalization of the random network

structure is to create a problem that simulates a true multiple source and
multiple terminal network.

In the transit grid class of networks, the source and terminal nodes again
S8erve as a master source and a master terminal, implicitly creating a set of
effective sources and effective terminals. All nodes other than s and t are
referred to as grid nodes, which can be viewed as arranged in a rectangular
grid of r rows and ¢ columns. Every adjacent pair of grid nodes is connected

v<nzoovvoa»nowwu»nnnnmnmnoa whose capacities are selected from a pre-
defined interval.

Like the multi-terminal random class, this class of problems simulates multi-

ple source and multiple terminal networks (and the algorithms are not amended
to capitalize on this fact). The additional structure of the transit grid
networks closely resembles that arising in urban transit planning networks.

In this setting, the grid structure captures the form of transportation routes
in the greater suburban area. Source nodes represent ma jor transit exchanges
or vehicle storage facilties and terminal nodes correspond to collection nodes
which are connected to key demand points within the city.

- - . - @ - .
‘These results were obtained in close co-oporation with A.S.
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Louter

and R.Th. Wymenga.

Table: Mumbers of eguivelent objsctive function evaluations
algoric I II III | COMET |Lootsma.GREG | GPMWLC
Test problem e N
1 53 62 62 _
2 58 2 92 33e 130 .39 46
3 S1 3 73
4 319 263 269
5 3537|186 | 186
6 38 a2 | a2 |, .
7 255 109 109, 7235 2496 148 20
. 8 41 29 29
9 525 727 727 9732 2861 350 134
10 159 350 350
11 38a 43 43
12 61 130 127 1326 959 314 599
13 282 | 1444 | 1371
14 1150 1501 1598
15 982 1463 F a 13482 7347 159 7098
16 11755 | 7016 | 6958 | 3733 | 12614 | 699 | 8368
17 112e| 541 | sa5
18 578 | 463 | 392 | b | 3865 | 285 | 12462
19 i 162 392 392 368 a 1656 c
20 5759 | 10630 | F a 110775 | 46120 2876 | 12251
21 2621£ | 44475 [43968
22 4930 | 21609 |21609
23 210 1846 1660.
28 76 561 | 561
Explanation of the abbreviations used
a: no solution reached = ) )
b nmnspjmnmn at infeasible point
C : argument of exponent too large
-4 _: local convergence to (1, ..TMJ W.nD. W. Tw.v . ——
e : local convergence to (-.4536, 0.2105) 3
£ : local convergence to (428.9, =31.1, -.47, 28.7, 149.5, 0.0, 11.+8%
*,G ¢ no Coldstein/Price test

used because of discontinuities
in problea functions. .

£

W W N M o

38.6, 0.0y,
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AN EVALUATION AND COMPARISON OF
CURVE FITTING SOFTWARL

Rosemary E. Chang
Sandia Laboratories
Livermore, California 94550

The purpose of this study was to recommend software for approximating univari-
ate functions from discrete data for the SLATEC Mathematical Subroutine Li-
brary, a cooperation among Sandia National Laboratories, Los Alamos National
Scientific Laboratory, and the Air Force Weapons Laboratory. Capabilities to
be provided were determined by the needs of the cooperating laboratories. The
codes were tested in four categories, (1) interpolatory polynomials, (2) least
squares polynomials, (3) interpolatory splines, and (4) least squares splines.
Proprietary software from NAG, IMSL, and PORT were included in the testing
solely for comparison. To facilitate the testing, a data set generator was
developed to create test sets of specified shape, abscissae configuration,
scaling, and noise. Over 7000 data sets were used on 27 subroutines. Evalu-
ation criteria were formulated by balancing the need to provide both for the
inexperienced and the sophisticated user. They include ease of use, error de-
tection, performance, range of applicability, timing, and storage require-
ments. A series of charts summarize the testing and evaluation results. Six
codes plus auxiliary routines were recommended on the basis of this evaluation
and on the potential for remedying any deficiencies uncovered.

For more information on this research, contact Rosemary Chang at the above ad-
dress.
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COMPUTATIONAL EXPERIENCE WITH
ELLIPSOID ALGORITHMS FOR LINEAR PROGRAMMING
A. C. Williams
Mobil Technical Center, Box 1025, Princeton, N.J. 08540

1. INTRODUCTION

This paper reports on some numerical experiences with solving small
linear programs using the ellipsoid methods which came into such
prominance in 1979 when the popular press picked up on L. G.
Khachiyan's remarkable achievement of showing that such methods can
actually solve linear programs in polynomial time (2). The brief
initial period of exagerated enthusiasm was quickly replaced by an
exagerated pessimism, as initial computational tests proved very
negative. As shown in this report, however, the performance of the
ellipsoid method can, with a few modifications and a slight compromise
in generality, be brought to a point that the comparison with the
simplex method for some small practically oriented problems is down to
a matter of a factor of 15 to 20 times, rather than the factors of
thousands and millions that have been quoted. Moreover, for a class of
problems specifically designed to frustrate the simplex method, the
version of the ellipsoid method used here actually proved superior,
indicating that, in principle at least, there could be specialized
areas in which it might be useful for calculation.

It does not appear that an ellipsoid method will ever be a serious
competitor to the simplex method as a general purpose routine for the
solution of linear programming problems. The simplex method takes full
advantage of linearity, and of the empirical fact that in problems of
practical interest, the paths which follow from one basic solution to
a next better one seem always to 1lead to an optimal solution in an
efficient manner. The ellipsoid methods, on the other hand, ignore the
linear structure, and would proceed as well, or almost, whether the
constraints are linear or convex. In the computational experience
reported upon here, the simplex method has proven vastly superior for
the problems selected from the literature as somewhat representative
of small practical problems. There is a production planning problem, a
gasoline bhlending problem, and a transportation problem.

On the other hand, the efficiency of the simplex method does depend
upon the basic solution paths being efficient. Klee and Minty (3) have
shown that there are arbitrarily large problems for which the simplex
method (without modification) would be doomed to search through every
basic solution before arriving at an optimum. Chvatal then showed how
to adapt the Klee-Minty result to generate, for each n, a linear
program with n rows and n columns, which takes 2N-1 simplex steps to
solve. In this case the basic solution path of maximal local increase
(selecting the 1largest dj), is not efficient, and for n greater than
10 or so, the ellipsoid methods presented here prove to be more
efficient. The significance of even this somewhat modest victory is
considerably mitigated by the fact that modifications of the simplex
method that appear in all commercial codes overcome the difficulties
posed by the Klee-Minty-Chvatal problems, and, in fact, solve them
easily. Also, it is the case that in the range of problems studied
here, the simplex method finds good approximations more efficiently.
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COMMENTS ON POWELL'S PAPER

Richard H. F. Jackson
National Bureau of Standards
Washington, D. C. 20234

I wish to take this opportunity to comment on the letter by Mike Powell enti-
tled "Optimization Algorithms in 1979," which is published in this issue of
the Newsletter. 1 feel the need to comment on that article because, while I
am sympathetic to Powell's concerns as he has written them and especially with
his desire to distribute his codes, I am afraid 1 do not agree with his con-
clusions and recommendations.

In his letter Powell mentions that there are two stumbling blocks to the rap-
id dissemination of his codes; one of them is the editorial policies and stan-
dards of the journals that publish algorithms, and the other is the standards
of portability, ease of use, and documentation required by the various sub-
routine library collections. I would like to discuss each of these in turn,
in light of Powell's recommendations.

In his letter Powell seems to feel that the standards required of algorithms
before publication in a journal inhibit rapid dissemination. While this may
be true, it seems to me that since a professional journal is an historical
record of professional endeavor, we should always strive to maintain the high-
est standards for publication in those journals, and that publishing "experi-
mental” codes that are incomplete or nonstandard or nonportable or nondocu-
mented is at variance with this endeavor. I feel we should view these "algor-
ithms" journals in the same light that we view our "technical article" jour-
nals, like Mathematical Programming or Operations Research. We should no more
accept below-standard articles for one journal then we should for another.

One way out of this, however, is that if one 1s unwilling to meet the stan-
dards for publication of an algorithm then one could distribute it oneself
just as one would if he had produced a technical article that was never meant
to be polished and published as part of an historical record.

But to conclude this point, I would like to stress that I do not think we
should lower the standards for publication of the algorithms of our profes-
sion. 1 feel that this would be nothing more than a giant step backward. We
have striven over the years to raise the level of the standards for publica-
tion of algorithms of our profession in order to solve the obvious problems
that were created by the too-rapid dissemination of the too-incomplete algor-
ithms that have been produced over the years. I would not want to see this
changed and wiped away in the name of "rapid dissemination.”

(As an aside, I would like to add that if one of the major impediments to pub-
lication of an algorithm is that the version of FORTRAN used in writing the
algorithm or code is nonstandard and that the complaint is that it would take
too much time to convert it to standard FORTRAN, there are computer-aided
analysis techniques that can make this job much more easy. There are, for ex-
amples, verifiers that will take your code as input and give you a listing of
each of the lines of nonstandard FORTRAN that exists, allowing the conversion
process to go forth rapidly.)

~30-
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theoretical device, and contained a number of features not relevant to
actual computation. In particular:

1. Integer coefficients are not necessary. The ellipsoid method
can be used for anyv rational input data.

2. The astronomical precision needed for the theoretical result is

not needed. The variant of the ellipsoid method described below

works well wusing rational approximations with usual orders of

Mnmo»wwos (in this case, the APL precision of about 16 significant
igits).

3. If the inequality set is not consistent, it is not necessary
to carry out the very large number of iterations given by the
Khachiyan theory. If "deep cuts" are used infeasibilities are
discovered fairly propitiously.

4. A factor <contributing to the large number of iterations
required by the Khachiyan method is that the estimate, as given by
Khachiyan, of the size of the initial radius, is generally a vast
overestimate. In most applications, bounds on the variables are
easily obtained just from a knowledge of the problem, and in many

cases, bounds can be obtained by simple manipulations of the
constraints.

While the ellipsoid methods are not competitive with the simplex
method, they are not as bhad as some evaluations would have them, when
these factors are taken into account.

3. ELLIPSOID ALGORITHMS.

To reduce these descriptions to an algorithm, we remark preliminarily
that an ellipsoid in n-space is characterised by a point X (the
center) and a positive definite matrix Q, in which case, the ellipsoid
is the set of points x which satisfy

(x-%) 9~1(x-%)<1.
An algorithm to find an interior solution to a set of linear

inequalities is, based on the description by Gacs and Lovasz, as
follows: )

PROBLEM: To find a solution to Ax<b, where it is known that, if there

is w solution at all, there is a solution x such that 0<x<X. (A is
mxn) .

Initialize: Set x©=0; set Q°=n I X (where I is the nxn unit matrix).
F: If Ax<b, stop; else choose the row r for which >Hxx16nww greatest.

Transform:
x'=x = (Qa)/(n+l)Ya’Qa where a=aAl

Q@'=(n/(n%-1)) (20 - 2(0Qa) (Qa)T/a"ga)

Go to F.
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been determined, and exact primal and dual solutions can be obtained
from a single 4inversion. This is the stopping rule used in the
computer programs,

The above algorithm was coded in APL as SOLVEl.

A second algorithm, coded as SOLVE2, differs in two places from
SOLVEl. First, the initial starting point is taken as x =%X, and
J ur\ﬂ X X Second, in phase 2, instead of taking <x+Hlnx. we use a
better estimate obtained as follows. Take <x+~nm=nun»<ov< as the max
of cx along the gradient direction from xX, Also determine the max of
cx along each of the coordinate directions from xx~ and choose vk+l
finally as the max of all these.

Our implementation of the ellipsoid method for the solution of the
l.p. max cx, subject to Axsb, x20, assumes that bounds are available
for each of the variables, i.e., that x<X . In addition, it is
assumed that: (i) The feasible set has a non-empty interior, and (ii)
The optimal primal and dual solutions are unique.

Neither of the assumptions (i) or (ii) is essential for the method,
but it was not considered worthwhile to expend the considerable extra
effort that would be involved in producing a code that would allow for
their elimination. Assumption(i) means that the numerical problems of
staying on the boundry of the feasible set are avoided, while
assumption (ii) means that, in fact, the number of active constraints
will eventually be reduced to n without having to resort to some kind
of perturbation scheme.

4. THE COMPUTATIONAL TESTS AND RESULTS

The tests were done on an IBM 3033U (MVS/APLSV), using the programs
given in the appendix. In comparing the algorithms for the solution of
the test problems, two measures were applied, namely, total iteration
count, and monitor-reported CPU time. Each of these has its drawbacks.

The total iteration count has the advantage of being mainly
independent of how carefully the coding was done, but the disadvantage
of comparing items which are fundamentally not the same. A simplex
iteration is only very roughly the same as an ellipsoid iteration,
since the simplex method updates a matrix of size mxn, while the
ellipsoid methods update matrices of size nxn. Moreover, in comparing
different algorithms within the ellipsoid methods, we are concerned
with a tradeoff between fewer iterations and more work per iteration.

The CPU time as measured by the APL [JAI function also has its
drawbacks. It can be as much a reflection of the programmer's skill as
of the properties of the algorithm at hand. Moreover, the CPU time is
not reproducible, since it depends on what other traffic was occuring
within the computer at the time. We noted variations of up to 20w,
Finally, the CPU time is not really the bottom line as a measure of
performance, since there are other computer resources involved,
notably memory. Tradeoffs between CPU time and memory are always
involved in calculations of this type.
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FEATURE ARTICLE
disadvantages that have come from the usc of the computer program are

mentioned.

The advantages are strong. Many people have informed me that the program
has solved constrained optimization problems, that are important to their
work, more efficiently than other methods that they have tried. The com-
puter listing has helped researchers to obtain practical experience of
variable metric methods for constrained optimization. In particular, some
of the interesting numerical results that are reported in Schittkowski
[21] were calculated by a single length version of VF02AD. Even an un-
favourable report that I received was advantageous, because it brought to
my attention a limitation of the algorithm that I had overlooked. It came
from Madsen and Pedersen of the Technical Univetsity of Denmark. They
found a numerical example that shows that the final rate of convergence
is sometimes only linear, due to the line search objective function that
is used to force convergence from bad starting approximations. A suitable
technique has now been developed to overcome the difficulty [4] and it
will be included in subroutine VFO02AD.

The main disadvantage of making available a comnuter program is that the
Nmmuo»m:o»mm of the program are often assumed to be deficiencies of the
algorithm itself. Therefore, before releasing VF02AD, I had to judge whe-
ther the known limitations of the subroutine, which have been mentioned
already, would be so serious that the advantages of the algorithm would
not be recognised. Fortunately it seems that I did make a good decision,
except that many people have formed a view of the computing time of the
algorithm, that may be unduly unfavourable, because most of the computer
time of the present implementation is taken by the auxiliary subroutine
for quadratic programming. I expect large gains in efficiency to be ob-
tained by a more suitable quadratic programming method.

waomfum subroutine VFO02AD has made a valuable contribution to research
and to practical calculations, it is important to consider why I was un-
able to publish it in the algorithms section of a journal. The reason is
that the subroutine does not meet the standards of portability, robust-
ness and structure that are now expected in computer programs for general
use. Thus we have a situation where a highly useful computer listing can-
not be accepted by a journal because, if it is published, then adverse
criticisms may be made of the journal because it does not maintain the
present standards of mathematical software. Of course the way out of the
dilemma is either to change the computer program or to change the stand-
ards. I will discuss both possibilities.
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seem only to be increasing a little faster than 1linearly for the
ellipsoid method. Note, however, that if approximations are
satisfactory, the simplex method is still better. 1If, e.g., we are
satisfied with a solution within to within 1 part in a million, the
simplex method produces it, for n=13, in 512 iterations and 9,20
seconds of CPU time, while SOLVE2 requires 661 iterations and 11.43
seconds to find a solution to that accuracy. (The accuracy estimates
using the simplex method were obtained using ox+namxgo~muvxu as upper
bounds on V at each iteration).
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af ter the linear

vimations to the active constraints are satisfied.
Therefore one can take the point of view that the variable metric algor-
ithm solves one unconstrained problem in only four variables, while the
augmented Lagrangian method has to solve a sequence of unconstrained cal-
culations, where each one has fifteen variables. This view of the variable

*tric algorithm, however, is an over-simplification, partly because the
algorithm does not identify the active constraints correctly until the
eleventh iteration. The table below gives the number of times all func-
tions and their first derivative vectors are calculated by three alcgor-
ithms, in order to solve each of the three problems to five decimals ac-
curacy. We note that the variable metric algorithms are much more effi-
cient than the augmented Lagrangian method. Schittkowski [21] found simi-
lar gains in efficiency on a wide class of test”problems, that was chosen
to test the effects of zero Lagrange nultipliers and indefinite second
derivative matrices.

Table 1.

The number of points at which functions and first
derivatives were calculated to solve three test problems

Method Colville 3 Colville 1 Colville 2
Aug. Lagr. [11] 64 39 149
V. Metric [1] 10 8 47
v. Metric [181 3 6 17
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that usually the size of r remains moderate, there is a good version
of the method that takes account of inequality constraints, and, even Al
when derivatives are not calculated, there are suitable methods for ad-

justing A. Further information can be found in the paper by Fletcher

P Ay 18
Recent CoMPUTATIONAL TESTING

MPSIII TRANS PRO3 ROWS:10 COLS:17 ELFEM:34 DENS:0.2

[11] T8.074.574.676.376,076.578.575.077.077.577.673.577.977.274.876.075.0
1 1 1 1 1
The algorithms that have been mentioned so far suggest that minimizing a - 1 o 1 . A 1 A 1
function subject to nonlinear constraints is much more difficult than an e 1 1
unconstrained calculation in the same number of variables. This observa- i . . . =4 = 71
tion seemed until recently to be inevitable, because of the crucial effect ’ 2 T _ ~ _
that constraint curvature can have on the solution of an optimization A 1 ) = "1 =y
problem. A two dimensional example that makes this point rather well is 4. "1
A " ik ®
the minimization of X5 subject to the condititn 32 32 25 15 18 18 18 5 5 12 12 12 20 20 15 13 13
5 5 VALUE: ~505.5
X} +x5;=1. (3.4) SOLUTION:
32 17 1 5 12 5 45 13
It shows that the solution is unique only because the constraint is non-
linear. Because it is also easy to find examples where it is necessary to TRANS2: SAME AS MPSIII TRANS, EXCEPT THAT B[1] IS 24 INSTEAD

take account of the curvature of several constraints, it seemed ten years
ago that the techniques of linear and quadratic programming were of little
help to the general case. A $imple remark, however, is helping to consoli-

date the techniques of mathematical programming in a way that treats non- KMC ORDER 6

linear constraints very successfully. 1 10
. . 1 20

The remark is that, if the second derivative matrix of the Lagrangian 1

function (3.3) is known, and if first derivatives can be calculated, then,

except in degenerate cases, it is possible to adjust an estimate of the
*

required solution x in a way that has second order convergence. For ex-

ample, Newton's method can be applied to the system of equations that is 1E10 1E08
obtained from expression (3.1), and from the condition that the gradient

. . * VALUE: 1E10
Omnrmbmmﬁmsmwmnmcsnnpo:»mnmnomnm.azmnmamnxpmwavonnmsn~vmx mcmeshoz"

cause it shows that only one matrix of second derivative information is ' 1E10
needed, even when several constraints are nonlinear. If B is the second

derivative matrix of the Lagrangian function, and if x is an approxima-

tion to x» , then a convenient form of Newton's method for solving the .

problem given at the beginning of Section 1 is to replace x by (x + %),
where 6§ minimizes the function

§TUF(x) + 457BS , (3.5)

subject to the constraints

OF 35, IT HAS NO FEASIBLE SOLUTION.
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FEATURE ARTICLE .

10ds to revise second derivative estimates, because they provide a

atural way of preserving sparsity. A successful algorithm of this kind

as been foun hat is based on the Frobenius matrix norm (see [22] ,
or instance), but it is more difficult to develop an algorithm that is
imilar to the BFGS method [19]. Another point to keep in mind in this
ield of research is that the sparsity can make it highly efficient to
btain second derivative approximations from differences in first deri-

ative vectors [20].

for unconstrained minimization that do not require the calcu-
ation of derivatives are also important. It seems to me, however, that
o useful progress has been made in this subject for many years. It is
sual to estimate derivatives by differences in order to anply a gradient
thod, and often the resultant algorithm is the most efficient of the
nes that are available. In this case, if n is large, then nearly all
unction calculations are for the purpose of derivative estimation, in-
tead of being used directly for the main task of reducing the objective
unction, which does not seem to be a sensible balance of effort.
en there are linear constraints on the variables, then it is usual to
pply an active set mnnmnmmw.mm in quadratic programming (see [10] for
xample), which reduces the calculation to a sequence of problems in
ich all the constraints are equalities. Because these constraints can
used to eliminate variables, one really has a sequence of unconstrained
roblems. If the BFGS algorithm is applied to each one, then useful sec-
d derivative information can be passed from one problem to the next
161, but unfortunately it seems that the conjugate gradient algorithm
s not have this property. However, each unconstrained calculation is
ften small because the number of variables is n minus the number of
tive constraints. Moreover, it is possible to anply the techniques that
used in linear programming to take advantage of any sparsity in the
fficients of the constraints. Therefore, when the number of active
nstraints is close to n , it is possible to solve problems in which
number of variables is very large. The algorithm that is described
y Murtagh and Saunders [15] is recommended, but some further work may
needed on the rules that govern the removal of a constraint from the
ctive set.

is technique for linear constraints can be extended to the general non-
inear optimization problem, provided that one can use nonlinear ecuality
nstraints to eliminate variables. The resultant algorithm is called the
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TESTING MINIMIZATION CODES

A. Buckley
Concordia University, Loyola Campus
Department of Mathematics
714 Sherbrook Street, West
Montreal, Quebec, H4B 1R6, Canada

l. Introduction. I have been asked to briefly describe some ideas for test-
ing minimization algorithms which are currently being implemented. The aim
here is not to perform and describe results of extensive software evaluation.
Rather the intention is to provide a tool to assist people, particularly those
who design algorithms, to test codes thoroughly. I hope that these programs
will significantly reduce the effort required to perform such testing, and
that they will provide a consistent framework for testing which will facili-
tate comparison of results.

There are three principal aims which have guided the design of these routines.
First, they must be as convenient as possible to use, but without being in-
flexible. Thus, the input control procedures have been carefully designed and
are quite powerful. Second, they must provide a reasonable set of performance
statistics. A lot of effort has gone into the formatting of the output to
make it clean, readable, and attractive. Finally, they must be flexible so
that any algorithm can be tested.

The testing package essentially consists of four parts. First, many "stan-
dard” test functions are included. Amongst these are all those from the Ar—
gonne package. Second, a main program is used to control the testing proce-
dure. Any minimization algorithm can be implemented, and the program will
test the given algorithm on any group of problems selected by the user and
produce a summary. The third part is a collection of routines to perform
chores occurring in many minimization codes. These are summarized later, but
with them the programmer of a minimization code may concentrate on his algor-
ithm without the need to worry about inessential details. They also contri-
bute to uniformity in testing. The final part of the package 1s a file de-
scribing a collection of standard test problems. All the information needed
to run a test, such as starting point, dimension, name of test function, etc.,
is included.

Before 1 forget, the code is written in FORTRAN since it is most widely used
in North America. It is written to be PORTABLE; otherwise, there would be no
point to this exercise. But I must add that it is not written using the popu-
lar 1966 standard. In order to produce programs of tolerable structure and
readability, the new ANSI 1977 Standard FORTRAN was used.

2. The Test Functions. I have provided codes for many standard test prob-
lems, each with a standard calling sequence. For example, the ubiquitous
function introduced by Rosenbrock appears as SUBROUTINE ROSENB(N,X,F,G,IFL).
The only parameter requiring comment is IFL. If IFL 2> 0, then the function
value F at X is determined; if IFL £ 0, then the gradient G at X is computed.
Clearly, IFL = 0 gets both.
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. FEATURE ARTICLE
the progress of a new idea, perhaps for two or three vears. If an algor-

ithm passes this test, then one tries to include the algorithm in the
plans that have been made for the addition of new routines. Further de-
lays are likely to occur, unless the new algorithm is in a field of op-

timization that is the subject of planned future work. When the time comes

to include the new technigue in the library, then it is sometimes easiest
to obtain a computer listing from the author, and to make changes to the
listing only if they are essential. Often, however, the easiest course is
.not followed. One reason is that one may prefer to adapt the new routine
to the existing structure of library routines, esnecially if there is a
policy of composing the library of small modules, which was once the
scheme of MINPACK [2]}. Another reason for not accepting the author's
listing is that, although one wishes to apply his main method, one may
object to some important details, such as a procedure that is used for
line searches, or a condition for convergence. Therefore a completely new
computer program may be written, that is very different from the one that
was developed by the author of the algorithm. If the reprogramming also
gives attention to robustness in the way that is advocated by Moré [1437,
if the new program is suitable for many different computing machines, and
if the library requires all mcvﬂocﬂwumm to be validated independently be-
fore they are made available generally, then the effort that is needed to
include a subroutine in the library is very great. It is usually well
worthwhile, because it makes it possible for thousands of computer users
to apply an algorithm to their research, but libraries generally will re-
main at least five years behind the development of new techniques, except
when authors of algorithms contribute directly to a library.

- m 1-
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5. Running tests. Tests may be run from batch, or from a terminal. Minimal
input is required; ease of use is foremost., The input routines are quite
powerful; if the input makes sense to you it is likely acceptable to the
machine. We illustrate here with part of a sample terminal session. '(The
"?" is a prompt by our CDC NOS system.)

TERMINAL 1/0 COMMENTS

(1) ENTER TITLE LINE ... UP TO 78 CHARACTERS Identification for the out-
? This is to illustrate the testing package. put (see §6).

(2) ENTER CONTROL PARAMETERS Control execution. NORM,
? NORM=2, GRADIENT, ACC 1.E-5, PRINTS GRADIENT and ACC apply to
HSTOP (§4.iii); printing

is every 5th iteration (§4.ii).

(3) WHICH METHOD? Not normal input (see §7).
? BFGS
(4) WHICH PROBLEMS? Test using 3 problems:
? HELIX 1 OREN20 END HELIX(#12), #1(ROSENBRK) and

OREN20(#45). The order
doesn't matter.

Note that the line "NORM=..." could be typed equivalently as ' NORM= %
EUCLIDEAN , TEST=GRADIENT, ACCURACY=1,E-5, PRINT=5" or at the other extreme
as "EUCL GRAD Al,.E-6 P5'". 1If at step (4), you change your mind about the
accuracy, or find an earlier typing error, just type "GOTO02" instead of "END"
and you'll get a chance to make the correction. Parameters not assigned take
default values of course. If you want the same values as the last test, try
"REPEAT". If you forget what is required, type "HELP". Punctuation may be
omitted if the meaning is clear. Keywords can be abbreviated or omitted.

6. Output. A small compressed sample of output is provided. Only the line
preceded by * was output by the algorithm being tested. The rest was provided
by routines in the package. A marginal "+n" notes where n lines of output
were deleted. Note the final summary. It should be self-explanatory, except
that MSEC is the total time the algorithm took in the minimization of the
function, and FSEC is the time taken in evaluating the function. Print time
is automatically excluded.

7. User control. I have claimed that this package may be used to test any
unconstrained minimization algorithm. That is so. Of course one must be able
to link any routine to the test package, and facility is made for doing this
easily. Also, every minimization algorithm has its own personal list of
special parameters and its own idiosyncracies, and care has been taken to
allow inclusion of such special features without requiring any major revisions
to the code. For example, in the tests illustrated (see §5 and §6) the author
used an algorithm implementing 2 methods (Shanno's CG routine from TOMS). The
line marked * was added as special input and was to determine which method
should be used for this test.

8. Conclusion. It is hoped that others will find these programs useful in
algorithm testing. Ease of use and thoughtful output should make it attractive
to use. It is currently running but improvements are being made. Suggestions
would be most welcome. It should be mentioned that it is very easy to modify
existing algorithms to run with this package. For example, I implemented VAO8
and VAl4 from the Harwell library and Shanno's CG algorithm with inexact line
searches with no difficulty at all.
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2. Subroutinc libraries

Many general programs for numerical calculations are available in subrou-
tine libraries, and many important optimization problems are solved now
by library procedures. One of the main advantages of a library routine is
that there is usually no need for the user to understand in detail how
the algorithm works. Also the use of library routines can reduce greatly
the amount of new computer code that has to be written to carry out a
nunerical calculation. Therefore this section considers the range of op-
timization algorithms that are available as library procedures. Partly
because of my limited experience only the Harwell, NAG and IMSL libraries
are discussed. I believe that at present these three libraries are used
more than any others as sources of general routines for numerical calcu-
lations.

A fundamental difference between the Harwell library and the other two is
nimn the main purpose of the Harwell library is to provide computer users
at only one establishment with general routines, while NAG and IMSL are
both designed to be suitable for a wide range of computer installations.
Therefore routines that are coded in Fortran IV for an IBM 360 or 370
computer are acceptable to Harwell, which makes it easy for the staff and
visitors at Harwell to contribute the algorithms that they develop in the
course of their research. Nearly all the Harwell optimization routines
were collected in this way. They include several routines for unconstrain-
ed and linearly constrained optimization calculations, an augmented
Lagrangian method for nonlinear constraints that was provided by Fletcher
in 1974, and a variable metric method for nonlinear constraints that I
contributed in 1977. There is a catalogue that gives a list of these rou-
tines [13]. Copies of the Harwell library have been obtained by several
hundred computer installations throughout the world. Because of its rel-
evance to the discussion of Section 4, we note that many of these instal-
lations do not have an IBM computer.

The high quality of the optimization section of the NAC library is due
largely to the work of Gill and Murray. They are covering the different
areas of optimization carefully and methodically. One area that is par-
ticularly strong is algorithms for unconstrained optimization, in the
case when full matrices can be stored, and it includes routines for non-
linear least squares calculations. Some of these programs have been ex-
tended to allow simple bounds on the variables, but there are not yet any

routines for general linear constraints. More general constrained prob-

Imul
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NOTE ON SMALL MODEL WHICH CYCLED

C. A. Haverly
Haverly Systems, Inc.
78 Broadway, P. O. Box 919
Denville, New Jersey 07834

Jan Telgen reported in the COAL Newsletter (1) on his experience with the
small model of Kotiah and Steinberg (2) which cycled.

The model is 16 rows by 20 structural columns. It has all zero right hand
side values except one and the matrix coefficients are poorly scaled.

I tried the model on our new HS/LP system for mini computers (run on a Data
General S130). The model solved in 22 iterations with no difficulty using the
default settings of parameters. The code selected to price the entire matrix
and to choose the four best candidates on each pricing pass.

In order to explore the effect of the solution strategy on the cycling, I
first set the number of candidates to one. This was much less effective and
90 iterations were required to solve the model. Eighty-five of these itera-
tions were involved in getting feasible. The model entered a 9 iteration cy-
cle at {teration 31 and one infeasibility. The vectors entering the basis
were, in order: 12, 17, 13, 18, 9, 1, 11, 8, 9, 12 . + . , . An automatic
invert at iteration 41 did not effect the cycle. But an automatic invert at
iteration 81 (a different point in the cycle) broke the cycle and the model
quickly became feasible and optimal.

The model was then run with the one best candidate selected after pricing only
part of the matrix (priced until 7 possible candidates found). The model did
not cycle but took 44 iterations to solve.

When the dynamic pricing was changed from 7 to 5 (still with a single best
candidate selected), the model began, at iteration 31 the same cycle as be-
fore. An automatic invert again broke the cycle and the model was solved in
90 iterations.

When the preceeding strategy was used with right hand side perturbation, the
cycle did not form and the model solved in 36 iterations.

Full matrix pricing and selection of the two best candidates per pass resulted
in reaching optimal in 21 iterations withcut any cycling. When perturbation
was added, we found that 36 iterations were required. When perturbation was
used with full matrix pricing and selection on the one best candidate, we did
not get any cycling as we did without perturbation. The model solved in 44
iterations.

Full matrix pricing and selection of the two best candidates per pass resulted
in reaching optimal in 21 iterations without any cycling. When perturbation
was added, we found that 36 iterations were required. When perturbation was
used with full matrix pricing and selection on the one best candidate, we did

not get any cycling as we did without perturbation. The model solved in 44
iterations.
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**CEATURE ARTICLE**

OPTIMIZATION ALCORITIHMS IN 1979%

M.J.D. Powell
Department of Applied Mathematics and Theoretical Physics,
University of Cambridge,
England

1. Introduction

Many applications of optimization techniques give the following mathema-
tical problem. Calculate a vector of variables x , that minimizes an

objective function F(x) , subject to the conditions

nwamv =g, -f w¥lia,li%m", (1.1)

and

c (x) 20, 4

m'+l,...,m, (1.2)

on the values of the variables. We reserve n for the number of compo-
nents of x . We suppose that all functions are real, and that their

values can be calculated mon.w:% X .

The purpose of this paper is to review briefly the general algorithms
that are available for solving the optimization problem that has just
been described. Because the review is restricted to my own field of in-
terest, I will discuss only local methods that devmend on the existence

of derivatives. In a local method, each change to an estimate of the so-
lution depends on the behaviour of the objective and constraint functions
in a neighbourhood of the estimate. Therefore we have to take the point
of view that M» is an acceptable solution to the main calculation, if
it satisfies the constraints, and if any small change to m* that pre-
serves feasibility causes the value of the objective function to increase.
Although differentiability is assumed, I will comment briefly on some

algorithms that do not require derivatives to be calculated.

Even under these restrictions, the range of relevant algorithms is very
wide indeed. If one could restrict attention to the best algorithm for
each of the main types of optimization calculations, then the range would
still be large, because of the number of factors that are relevant to the
choice of a suitable algorithm. For example, if there are no constraints
on the values of the variables, then one is unlikely to choose an algor-

ithm that can treat constraints, partly because of the extra arguments

*
This article is reprinted from "Lecture Notes in Control and Information Sciences"
Volume 22, published by Springer-Verlag, Berlin.

Calendar of math ical prog
as of 1 January 1981

Maintained by the Math ical Progr ing Society (MPS)
This Calendar lists meetings specializing in mathematical programming or one of its subfields in the
general area of optimization and applications, whether or not the Society is involved in the meeting.
(These ings are not ily "open".) Any one knowing of a forthcoming meeting not listed here

is urged to inform the Vice Chairman of the Society, Dr. Philip Wolfe, IBM Research 33-221, POB 218,
Yorktown Heights, NY 10598, U.S.A; Telephone 914-945-1642, Telex 137456.

Some of these meetings are sponsored by the Society as part of its world-wide support of activity
in mathematical programming. Under certain guidelines the Society can offer publicity, mailing lists and
labels, and the loan of money to the organizers of a qualified meeting. For further information address
the Chairman of the Executive Committee, Dr. A. C. Williams, Computer Science Department, Mobii
0Oil Co. Technical Center, Box 1025, Princeton, New Jersey 08540, U.S.A.; Telephone 609-737-3000,
extension 4342.

Substantial portions of regular meetings of other societies such as SIAM, TIMS, and the many
national OR societies are devoted to mathematical programming, and their schedules should be
consulted.

1981

January 5-6: '"Mathematical Programming: Testing and Validating Algorithms and Software". U. S.
National Bureau of Standards, Boulder, Colorado. Organized by the Committee on Algor-
ithms of the MPS, the Bureau of Standards, and the Department of Energy. Contact: Dr.
Richard H. F. Jackson, Center for Applied Mathematics, National Bureau of Standards,
Washington, D.C. 20234, U.S.A_; telephone 301-921-3855.

January 26-31: "Mathematische Optimierung", Mathematisches Forschungsinstitut Oberwolfach,
Oberwolfach, Federal Republic of Germany. Contact: Institut fir Okonometrie und Opera-
tions Research (see 1982, August 23-28).

March 16-20: "Optimization: Theory & Algorithms", Confolant (Miremont, Puy-de-Dome) France.
Contact: Professor J.-B. Hirriart-Urruty, Département de Mathématiques Appliquées,
Université de Clermont-Ferrand 11, B.P. 45, 63170 Aubiére; Telephone (73) 26-41-10.

April 6-8: "International Congress on Mathematical Programming", Rio de Janeiro, Brazil. (Abstract
deadline 1 December 1980; special forms required) Contact: Professor Milton Kelmanson,
Caixa Postal 1507 - CEP 20100, Rio de Janeiro, R.J., Brazil. Sponsored by Sociedade
Brasiliera de Pesquisa Operacional and the MPS.

May 13-14: "Optimization Days", Université du Quebéc a Montréal. Contact: Professor Efim
Galperin, Département de mathématiques, Université du Québec 2 Montréal, C.P. 8888 Succ.
"A", Montréal, Québec, Canada H3C 3P8; telephone 514-282-3221. Sponsored by IEEE and
the MPS.

July 13-24: "NATO Advanced Research Institute on Nonlinear Optimization', Cambridge, England.
Contact: Professor M.J.D. Powell, Department of Applied Mathematics and Theoretical
Physics, University of Cambridge, Silver Street, Cambridge CB3 9EW, England. Sponsored
by the MPS.

July 20-24: "Eighth British Combinatorial Conference", Swansea, England. Contact: A.D. Keedwell,
Department of Mathematics, University of Surrey, Guildford, Surrey GU2 5XH, U.K.

July: "Stochastic Programming", Budapest, Hungary. Contact: Bolyai Jdnos Mathematical Society,
Budapest VI, Anker kov 1-3, I. Em. III, Hungary.



NVR44OH *7T VTIVA
“f1@a9duzg

*2a1n3any ay3 ug
1en3ound aaow aq 03 2doy I *uoj3IBOFIqnd 193BT VY3 Panioj SSIUTTT ue ‘Lle3jeu
-njaojuy *aead aya jo pud ay3l Aq InO 19339[Smdu Y3 @2AeY 03 pasjwoad ] IdUfs
Aepyroy sew3sjyay) ayj 2aojaq anduy 179yl yiym 2w apjaoad o3 paysna Layj] *ans
-ST 8Tyl U S[OF3Ia® JO saoyine ay3l [Te 03 azj8orode 03 9T prnom 1 ‘ATTeUT]

*0%686 AL9saap maN ‘uoladurag ‘A3ysasatup

uojaduyiyg ‘edusydg pajrddy/BuyassuyBuy jo Tooydg ‘AeATny uyo[ 3IOBIUOD pInoYys
nof ‘uoj3edyrqnd 3Byl jo Adod ® uTE3IqO 03 ¥IT PInom nok 31 *Bujwodylaoj

9q TTIM @ou@a2juod 3yl jo sBujpesdorg (*weaBoad syy3 paysyrqnd 19339[Smau
STyl jJo anssy (0861 Isndny ayy) +Buyisel uy 9searduy Juadea syl sIydyTydyy
osTe ‘1861 ‘9-¢ Aaenuef uo ispInog uj Tyv0) Aq paiosuods ‘Bujpisal pue aiem
~33J0§ uo @dudiajuo) 3yl 103 weaBoad ayj +3sed Juadal Byl UT S3I0JF9 3823 UF
96B2IDUT UP UP3q SPY 213yl IeY3 3IDeJ Byl 03 Jutod 19339TSMAU STYI UT SI[OFIAY

*3Fjyouaq 3som
JO @q PINOM 1BYM UO SI9PEdI INO WO1J Suoj3saf3ns awodTam am pur ‘sSaAJIvUIAITE
9ATSNTOX? A[TENnInm 30U ‘9sanod Jo ‘|ae asay] ;2Iem3Jos JN JO SBujisal TeuoTIE]
-ndwod Bujjaodax 103 saujrepind auyjex pue doyaAdp IT PINOYS ;ITS3IT $310339
3893 1ofew Buymiojaad uo a3eIjULOUOD 3} prnoys ;Buyisey pue ‘swarqoad 3sa3
‘59p0od INOQE UOTIBWIOJUT SUTIBUTWASSTP Y3ITM paulraduod A1jaewtad aq Tyod PINOys
*9)e3 PINOYS 2933 FWWOD Y3 SUOTIDAITP 2anIny Jeys SuTaapPjsuod pue syse)
Juaxand s3] Jo T[T SujmatAaa ST Ty0) 2ouys ATawyl A[[eyoadsa s} 970}3ie STYJ

*309(qns STyl uo smatA anok SujIeOTPUT BW 03 BITIM

03 ‘®1of3ae syy3 Jujpeaa ia93je ‘nok Jo yoes 9feanodusa ] *I19339[SMAU STYI UT
pajuasaid AyTewaou 3Byl 03 AI1BIjU0D JuTodmaTA ® sjudsaad IT IAaT[aq ] 9sSnedaq
19339[8M3U STYI Uf £321FIJud $3T U paonpoadsa usaq SBY pPUB L SIOUDTDS UOTIBWIOJT
-U] PuUB TOI3U0) UJ S$ION 2an30a7, 3JO Zz anss] ul paysjiqnd Aysnotasid sem 3o
~J34e STYL *21BM3JOS [EOJJBWAYIPW I10J SPIBpPUBIS UOTIEDFTqNnd Jud1AIND Y3 Inoqe
T19M04 *Q °*[ °*K 10889J01g Aq U0 ST 12332[SMdU STY3 JO BD]IdE 2an3jeaj ayj

NWNT0D $,¥0LIa3

(SpuelIayIaN) S19plInD Z8
(Auewian) day 'pag) syiew 9/

SpuepIayIaN ‘BInqI00A ZV 0L2Z (P0urig) souelg 9/
UBE[XLIRIg SOSULI 8P (pueIazIIMS) souel] 69
AIMINSU [BINSNILIS [BUONBUIANU] O /0 (''N) spunod 0§°L1
£191008 Funuwesford [eonewayiep ('V'S'n) stefoq zv
01 sanp 1ok yim uopesridde sy puas asesrq 1218 [86] 0] sanp Ayl
paudis

‘uonmnsut 1310 10 K1viqry
Aue jo 11jouaq Y1 10§ jou pue asn [euosiad Aw 10y SI Surwwpi§osq |povwaypyy 01 uonduosqns AN

ssaippe Juljiepy

dweN
(LNIYd 3SvAT1d
1861 1834 1epuUd[ed AY) 10J K12190§ Y1 JO JAQUIAW E SB [[0Jud £GaIay |
ANFWTIOUNE
AL3100S ONINWVYO0M¥d TVOILYWIHLYW 3HL

Fedbdt ekt

(‘pue[Og ‘MESIEA\ UI 6]~ I1SN3NY P[ay 3q [IM SURIDNBWAYIBW JO §5213U0)
[EUONRUINUL YL ION) SN 241 Jo Bunaaw [BuuaL [BRIJO "S8TEEL (12220) duoydaay
‘q oquun /G998y XIPL Auewian Jo dnqnday [e1apag ‘| uuog ((ES ‘T APeNsIsseN ‘uuog
1RMISIDAIUN) Y2IRIsSaYy Suonesad pun AIDWOUON() 4N IMNSU] 110vIU0D) “AURULIdD Jo dljqnday
[esapag ‘uuog ul Furwweidoird [eonewayiey uo wnisodwAg [BUONBUIANUL YIUAIF (8Z-€7 Isndny

861

NN puenoss ‘Ansiaatun Fuipng ‘Junndwo)) jo waunedaq ‘(180D) UOS|IA T J0SSajoid
Novu0)  Cpuepoos ‘Juiung f uoneziwndQ [EMOIBUIGWOD UO DUAIUOD [8OD, 8T-pT I1SnIny

494



COMMITTEE ON ALGORITHMS of the
MATHEMATICAL PROGRAMMING SOCIETY

CHAIRMAN

Richard H. F. Jackson

Center for Applied Mathematics
National Bureau of Standards
Washington, D. C. 20234

(301) 921-3855

EDITOR OF THE NEWSLETTER

Karla L. Hoffman

Center for Applied Mathematics
National Bureau of Standards
Washington, D. C. 20234 %
(301) 921-3855
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Jacques C. P. Bus
Haagwinde 61

1391 XX

Abcoude, The Netherlands

Harlan T. Crowder

IBM Thomas J. Watson Research Center
P. 0. Box 218

Yorktown Heights, NY 10598

(914) 945-1710

Jan L. DeJong
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Leon S. Lasdon
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(512) 471-3322

John M. Mulvey

School of Engineering/Applied Science
Princeton University

Princeton, NJ 98540

(609) 452-5423

Richard P. O'Neill
EI 622, Room 4447
Department of Energy
Washington, DC 20461
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Kent CT 2 7NX

England
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Center for Applied Mathematics
National Bureau of Standards
Washington, DC 20234

(301) 921-3855

Klaus Schittkowski
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West Germany

Jan Telgen

CORE
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75014 Paris, France
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Philip Wolfe, Vice-Chairman, MPS
IBM Research 33-2

P. 0. Box 218

Yorktown Heights, NY 15598

COAL OBJECTIVES

The Committee on Algorithms is involved in computational developments in
mathematical programming. There are three major goals: (1) ensuring a suit=-
able basis for comparing algorithms, (2) acting as a focal point for computer
programs 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 OBJECTIVES

The newsletter's primary objective is to serve as a forum for the Friends
of COAL. Through an informal exchaunge of opinions, members have an opportu=
nity 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 com-

pared. These issues will be addressed in the newsletter.

DISTRIBUTION OF THIS NEWSLETTER

This newsletter is mailed to every member of the Mathematical Programming
Society and to all "friends" of COAL. If you are not presently receiving this
newsletter and would like to, please write to the editor requesting that your
name be added to the list of “friends" of COAL. There [s currsatly no charge

for this newsletter.
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