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ABSTRACT

.

In the continuing development of new or improved algorithms for Linear Program-
ming, the need for empirical testing with real problems is well recognized. For the purpose
of experimental design, it has become increasingly important to have random samples from
given classes of models that are statistically significant and yet physically meaningful. This
paper presents a generator for a class of multi-product ingredient-mix LP’s which has the
block-angular structure. The dimensions of the problems and the coefficients of the con-
straints can be randomized automatically over ranges based on real data. The underlying
model as well as features of the generator are described. The software is available on both
mainframes and microcomputers and will be made available to the research community.

Keywords: Linear Programs, Matrix Generator, Computational Testing.
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1. Introduction

It is well known that the Simplex Method for linear programming works
"surprisingly" well on problems arising from most real applications. This is based
on the observation that while it is possible for the algorithm to take an exponential
number of iterations in terms of m, the number of constraints, in practice this
number is often just km, where k is typically between 1 and 5. For this reason, in
the comparative testing of new algorithms for LP, behavior in the worst case is
generally considered to be of much less importance than behavior in practical cases.
While the need for test problems arising from actual or at least realistic applications
is recognized and efforts have been made to compile them (see e.g. [1]), real
problems usually represent isolated cases. Even for a given type of model, one
would need a more significant sample size in order to investigate "average"
behavior. It should therefore be useful to have generators for physically meaningful
yet statistically significant random samples of real applications.

In the following, we describe a class of multi-product ingredient-mix linear
programs, as examplified by an optimization model for the meat processing
industry. MEATGEN, a generator of random samples of LP problems from this
model is then introduced. A simple example of how such random samples are
produced and used in a numerical experiment is also given.

2. The Single Product Ingredient Mix LP

The LP formulation for processed meat is a model to determine the least cost
combination of msma.&a_zm to meet specified product composition. Our example is
for the processing of sausages according to requirements listed in Table 1. The costs
and compositions of the ingredients are given in Table 2. Note that for simplicity,
only 5 ingredients are included in this example. Data for 15 ingredients ([3], [4]) are
built into the generator to be described later.
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NUMBER OF FUNCTIONAL EVALUATIONS REQUIRED TO SOLVE PROBLEM 4.1

TABLE 2

Aigorithm
Main mmo_sm:o mw_zodOz.»ﬂr FORM .,
; tep-Size
Algorithm ?%c_ma ) Vi) v i) SV i SV o [0S

Rank One | Secant 10 10 - 53 --
Rank One | Newton 10 10 - 43 43
D.F.P. Secant 10 10 - 47 -
D.F.P. Newton 10 10 - 44 44

B.F.G.S. Secant
B.F.G.S. Newton 10 10 - 43 43
Newton Armijo 24 10 10 -- -
Newton Secant 14 7 7 34 e
Newton Newton 14 7 7 35 35
Broyden -- 60 60 - - -
OMHMN_._W@Q Secant 17 17 - 43 -

* See notes under Table 1.
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3. The Multi-Product Ingredient-Mix LP

A typical production planning problem in the meat processing industry
involves many products for which the optimal ingredient mix can be modeled as an
LP similar to the one formulated above. For given supplies of the ingredients, the
multi-product optimization problem becomes an LP with the block-angular
structure (Figure 1). Each coupling constraint states that the total requirement of an
ingredient for all products must not exceed the supply.

To formulate the general model, let

I = the number of ingredients;

the number of products;
N = the number of nutrients;

v
"

Pjj = % composition of nutrient j in ingredient i;
Tj = % requirement of nutrient j in product k;

i = unit cost of ingredient i;

a; = supply of ingredient i;

dy = demand for product k;

Xjk = amount of ingredient i (in same unit as arv in product k.

Then the multi-product ingredient-mix LP is to

P 1
minimize ¥ X c;x;
k=1 i=]
P
subject to T oxy < g, i=l,..I [Supply };
k=1

15
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SUMMARY OF AMOUNT OF WORK REQUIRED TO SOLVE THE UNCONSTRAINED PROBLEM 4.1..
Class

1. Quasi-
Newton

* Generalised secant is a new version of Wolf 's secant using step-size as well [14].

2. Newton

3. Broyden
Broyden

4. Secant
n+1 points
generated by

5. MEATGEN: the Matrix Generator for the Model

This is written in Pascal and available in versions for both mainframes and
microcomputers. It is available to the research community at cost of material and
handling. The logic of the generator is summarized in pseudo code below. The
actual code provides the options of creating the LP data file in either industry
standard MPS format or in the DECOMP format used in decomposition codes
described in [2]. Since the latter may not be of general interest, it will be omitted
from further discussion. Users who are interested in experimentation with
structured LP’s may obtain detailed information on the DECOMP option from the
authors.

Program MEATGEN;

Procedure INPUT;
Read ingredient compositions;
Read product specifications;
Read ingredient costs;

Precedure PARAMETERS:
Read number of ingredients;
Read ingredient supplies;
Read product demands;

Precedure MPSFILE;
Define output file;
Write NAME heading;
Write ROWS heading;
Write row types and row names;
Write COLUMNS heading;
For each product, write nonzero coefficients;
Write RHS heading;

17
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The third type of work involves evaluation of all functional forms used in the algorithm
including the main functions and their aon<w,=<om of any kind and order.

Although functions seem to be non-ending in shapes, perhaps amazingly they are
composed of a limited number of basic functions of one variable, except for a few called
"non-factorable". Each evaluation of the basic functions, such as e*, In x, x, sin x, could
again be counted in the entire program. On the other hand, evaluation of such basic functions
are done by approximating formulas, Taylor's series for example, which consists of only basic
operations. This enables us to reduce the measure of the amount of work to evaluate any
function/derivative to an equivalent number of basic operations or time. [1] investigates the
equivalent number of basic operations required to evaluate each basic function once and also
converts these to the time required for a given computer. Although it will depend on the
computer system used, for a given ccomputer, it will be completely known and the same for all
algortihms run. Then the problem of computer load will be of no importance in comparison of
algorithms, since the time to perform a basic operations is fixed for any computer.

3.1  Standardization.

At this point the methodology is complete by asking to count all basic functions, convert
‘them to basic operations, get the sum of all basic operations and convert it 1o time for a given
computer. However as it stands it may fail to produce a convincing result as it neither

Q:n_owmwm::apa?:naozu__.ovqomn:sao::ol. distinguishes between amount of storage
used.

These characteristics are achieved by application of the Factorable Programming
Language developed by McCormick [4], (8], {10]. This language is applied to a large class of
functions called “Factorable". A factorable function is formed sequentally by terms which are
functions of single variable or product of such functions. The variable of each function could
be a previously defined term. All the user is required to do is to input the original functions
with a special format. Then the functions and their derivatives of first/second order are

evaluated with no need for any extra information. This makes the whole work programmer
independent.

Additional properties of such representation are: firstly the storage requirments for
derivatives is reduced to its minimum and secondly it reduces and standardizes the work
required to perform algorithmic calculations involving gradients, matrices (Hessian) by
applying dyadic rather than explicit forms.

[15] extends these capabilities to evaluate the directional derivatives in a standard way.
These features are nonexistant in the other comparison methods.

The resulting conclusion is that application of Factorable Programming makes the
counting methodology feasible and effective for comparing algorithms. Next its application is
demonstrated through an example.

4. SOME RESULTS AND CONCLUSIONS.

.

To show how the method works, the following problem, formulated by G.P.
McCormick, for the Smoking and Health Problem Report [17],

min w_”f-_-Aw_xm~+»uvm~.o-mux:w H_

i=1
w.@ >0
=1,2,3

2

was solved by several algorithms. Result shown in Table 1 is taken from [15] (table x).

1

2]

131
(41
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t.  INTRODUCTION

To solve mathematical problems, a bewildering assortment of algorithms exist. The
proliferation of these algorithms is bound to cause some confusion to the user (in any area),
who is faced with a given technical problem and would like to know what kind of algorithm
should be selected to solve the problem under consideration efficiently.

There seems to be a tendency to choose from available algorithms that are easy to use
and well known, (especially amongst occassional users). However, the time and/or money

savings etc., justifies the comparison of different algorithms and different versions of the same
algorithm in a reliable way.

Unfortunately, there is no clear-cut answer to this question, although there has been
much work done in the area.

2.  STATE QF THE ART

A survey (7] of the techniques or approaches to compare such algorithms, from 50
selected papers (1953-1977), revealed only few factors as the most commonly used, in
comparing the speed of mathematical programming algorithms.

The purpose of this paper is to examine these factors from a critical point of view to
magnify their drawbacks on conclusions and then introduce a new approach which seems to
overcome these difficulties.

2.1  Factors for comparison of algorithm and their associated difficulties.

(a)  Computational Speed.

Refers to the time required to obtain the solution of a problem with a specified
precision. By [7], 68% of the comparison methods use CPU time or a normalised form
of CPU time which is highly machine and programmer dependent. The only situation
where the same CPU time was obtained consistently for one code, was when that code
was the only one on the computer, [5]. [7] concludes that "there is a potential source of
difficulty with using CPU as the sole performance indicator".

(b)  Number of Functional Evaluations.

Counts the number of times one or more functions must be evaluated to arrive at
a specified precision in the solution. Where several functions and/or derivatives are
involved, usually one function is considered the principal and evaluation of other
functions/derivatives are measured proportionally to arrive at a single number for
comparison. Obviously the whole idea is subjective, although it is expressed in number
form. No general rule has been set to choose the principal function and to relate the
work required to other functions in terms of the principal function.

In addition, auxiliary computations which may need more time and effort than
function evaluations, are ignored in this approach. Combining this and CPU time, as
some people do, will only cause more confusion and increase the error based on what
was said. [7] and [11], both concluded that it is not a relaible measure.

(c)  Number of iterations.

This measure refers to the number of times, the whole algorithm must be
reiterated, to arrive at the specified precision in the solution.

4

The 1987 COAL Meeting:

The NATO Advanced Research Workshop on

ALGORITHMS AND MODEL FORMULATIONS
IN MATHEMATICAL PROGRAMMING

at
Chr. Michelsen Institute, Bergen, Norway
on
June 15-19, 1987

The COAL workshop has been funded as a NATO Advanced Research Workshop
under the Double Jump program. This program is used to support meetings that are
viewed as being particularly interesting for both industry and research. As a result of the
NATO funding, the number of participants will be limited to about 40. (There is already
a waiting list.)

The structure of the workshop will be as follows: The morning sessions will be devoted
to plenary discussions with introductory keynote speakers. The first day will be devoted
to the interaction between modelling and algorithmic developments in mathematical pro-
gramming in general. We wish to analyze the current situation and discuss where we wish
to goin %o years to come. The next four days will be used to see this interaction from four
different viewpoints, namely linear programming, integer programming and combinatorial
optimization, network flows, and stochastic programming, In addition to the key-note
speakers, we plan to let some of the participants present their work in the plenary sessions
in order to broaden the input to the discussions. The afternoon sessions will be used for
presentations by the participants.

Invited speakers are Professor John Mulvey, Princeton; Professor Walter Murray,
Stanford University; Professor Alexander Rinnooy Kan, Erasmus University; Professor
Roger J-B Wets, University of California at Davis, and Dr. Ellis Johnson, IBM.

Submit enquiries to: Dr. Stein W. Wallace, COAL-87, Chr. Michelsen Institute,
N-5036 FANTOFT-Bergen, Norway.

MARTIN BEALE MEMORIAL SYMPOSIUM

A symposium will be held at the Royal Society, London from July 6th-8th, 1987
in memory of Professor E. M. L. Beale, sponsored by Imperial College, the Institute of
Mathematics and its Applications, the Institute of Statisticians, the Mathematical Pro-
gramming Society, the Operational Research Society, the Royal Statistical Society, and
Scicon Limited.

Requests for registration forms and further information should be sent to:

Mrs. B. A. Peberdy
Scicon Limited

Wavendon Tower
Wavendon

Milton Keynes MK17 8LX
England
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APPLICATION FOR MEMBERSHIP

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

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

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

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

I wish to enroll as a member of the Society. My subscription(s) is (are) for my personal use and not
for the benefit of any library or institution. I enclose payments as follows:

Dues for 1987

Subscription to Studies 30-31
Total

Name (please print)
Mailing address (please print)

Signature

Student applications. Dues are, one-half the above rates. Subscription to the Studies is at full rates.

Have a faculty member verify your student status and send application with dues to above address.
Faculty verifying status
Institution

CALL FOR PAPERS

13th International Symposium on Mathematical Programming

The International Symposium on Mathematical Programming is the
triennial scientific meeting of the mathematical Programming Society. The
13th symposium will be held on August 29 - September 2, 1988, at Chuo
University, Tokyo, Japan. Participation is open. Those who want to present
a paper are invited to submit the title of the paper by March 1, 1988, and
the abstract by May 1, 1988. Acceptance of papers will be notified by July
1, 1988. For further information, please contact the Organizing Committee
for the 13th International Symposium on Mathematical Programming, c/o
The Operations Research Society of Japan, Gakkai Center Bldg., 2-4-16
Yayoi, Bunkyo-ku, Tokyo 113, Japan.
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COAL OBJECTIVES

The Committee on Algorithms is involved in computational developments in math-
ematjcal programming. There are three major goals: (1) ensuring a suitable 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
of new results in computational mathematical programming

not developed a clear understanding of the issues of how computational tests should be
carried out, how the results of these tests should be presented in the literature, or how
muu..roE.v:n-_ programming aigorithms should be properly evaluated and compared. These
issues will be addressed in the newsletter.
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