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Introduction. Discrete and continuous nonconvex programming problems arise in a
host of practical applications in the context of production planning and control,
location-allocation, distribution, economics and game theory, process design, and
engineering design situations. Several recent advances have been made in the develop-
ment of branch-and-cut algorithms for discrete optimization problems and in polyhe-
dral outer-approximation methods for continuous nonconvex programming problems.

At the heart of these approaches is a sequence of linear programming relaxations that
drive the solution process, and the success of such algorithms is strongly tied in with
the strength or tightness of these relaxations.

This article describes the application of a Reformulation-Linearization-Teclnique (RLT) that
has been developed for generating such tight linear programming relaxations for not
only constructing exact solution algorithms but also to design powerful heuristic

procedures for large classes of discrete combinatorial and continuous nonconvex
programming problems. Our work initially focused on 0-1 and nixed 0-1 finear and
polynomial programs (161,171, 18D, and later branched into the more general family of
contintuous, nonconvex polyitomial progranuming problems. (An earlier survey appeared in
[14].) For the family of mixed 0-1 polynomial programs in 1z 0-1 variables, we have ([11,
12]) developed an n-level hierarchy, with the n-th level providing an explicit algebraic
characterization of the convex hull of feasible solutions. The RLT essentially consists of
two steps ~ a reformulation step in which additional nonlinear valid inequalities are joumals 7

automatically generated and a linearization step in which each product term is
replaced by a single continuous variable. The level of the hierarchy directly corresponds

to the degree of the polynomial terms produced during the reformulation stage. Hence, conference notes 8
in the reformulation phase, given a value of the level d € {1, ..., nl, RLT constructs . i

various polynomial factors of degree d comprised of the product of some d binary 1 memoriam 12
variables v, or their complements (1 - x). These factors are then used to multiply each of

the defining constraints in the problem (including the variable bounding restrictions), to book reviews 14
create a (nonlinear) polynomial mixed-integer zero-one programming problem. Suitable

additional constraint factor products can be used to further enhance the procedure. (In gallimaufry 16

general, for a variable x restricted to lie in the interval Il",u!l, the nonnegative expres-
sions (v, -£) and (i, - x) are referred to as bound factors, and for a structural | ) b
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inequality o x 2 f3, for example,
sion ¢ vz f201s
referred to as a constraint factor.)

the expres

After using the relationship v} = x,

for each binary variable x, | =
., 1, the linearization plméo
substitutes a single variable w, and
Ty respectively, in place of each
nonlinear term of the type X,
and y, X, where i represents the
set of continuous variables. Hence,
relaxing integrality, the nonlinear
polynomial problem is linearized
into a higher dimensional
polyhedral set X defined in terms
of the original variables (x, y) and
the new variables (v, v). Denoting
the projection of X, onto the space
of the original (x, y)-variables as
X, itis shown that as d varies
from 1 to n, we get,

XX, 2X,2..2X, =conv(X)
where X, is the ordinary linear
programming relaxation, and
conv (X) represents the convex
hull of the original feasible

region X.

The hierarchy of higher-dimen-
sional representations produced in
this manner markedly strengthens
the usual continuous relaxation, as
is evidenced not only by the fact
that the convex hull representation
is obtained at the highest level but
that in computational studies on
many classes of problems, even
the first level linear programming
relaxation helps design algorithms
that significantly dominate
existing procedures in the
literature, producing tight lower
bounds and often times yielding
an optimal solution. Hence, this
general approach holds the
promise for exploiting available
linear programming technology to
effectively solve larger and more
diffiult nonconvex problems than
previously possible.

Moreover, the theoretical implica-
tions of this hierarchy are
noteworthy; the resulting
representations subsume and
unify many published lineariza-
tion methods for nonlinear 0-1
programs, and the algebraic
representation available at level i
promotes new methods for
identifying and characterizing
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facets and valid linear inequalities
in the original variable space as
well as for providing information
that directly bridges the gap
between discrete and continuous
sets. Indeed, since the level-n
formulation characterizes the
convex hull, all valid inequalities
in the original variable space must
be obtainable via a suitable
projection; thus such a projection
operation serves as an all-
encompassing tool for generating
valid inequalities. In this spirit, a
framework for characterizing
classes of facets through a
sequential lifting procedure for the
Boolean quadric polytope [26] has
been devised, with new classes of
facets subsuming the known
clique, cut, and generalized cut
inequality facets emerging. In
addition, new classes of facets
have been characterized for the
GUB knapsack polytope through a
polynomial-time sequential-
simultaneous lifting procedure
[24]. Known lower bounds on the
coefficients of lifted facets derived
from minimal covers associated
with the ordinary knapsack
polvtope have been tightened. For
the set partitioning polytope [25], a
number of published valid
inequalities along with constraint
tightening procedures have been
shown to be automatically
captured within the first- and
second-level relaxations them-
selves. A variety of partial
applications of the RLT scheme
have also been developed in order
to delete fractional linear pro-
gramming solutions while
tightening the relaxation in the
vicinity of such solutions.

The hierarchy of relaxations
emerging from the RLT can be
intuitively viewed as “stepping
stones” between continuous and
discrete sets, leading from the
usual linear programming
relaxation to the convex hull at
level-nn. By inductively progressing
along these stepping-stone
formulations, we have studied
some novel persistency issues for
certain constrained and uncon-
strained pseudo-Boolean pro-
gramming problems. Given the
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tight linear programming
relaxations afforded by RLT, a
pertinent question that can be
raised is that if we solve a
particular 4" level representation
in the RLT hierarchy, and some of
the n variables turn out to be
binary valued at optimality to the
underlying linear program, then
can we expect these binary values
to “persist” at optimality to the
original problem? In [5], we derive
sufficient conditions in terms of
the dual solution that guarantee
such a persistency result. For the
unconstrained pseudo-Boolean
program, we show that for d =1 or
ford z 1 - 2, persistency always
holds. However, using an example
withd = 2 and 1 = 5, we show that
without the additional prescribed
sufficient conditions, persistency
will not hold in general. These
results are also extended to
constrained polynomial 0-1
programming problems. In
particular, the analysis here
reveals a class of 0-1 linear
programs that possess the
foregoing persistency property.
Included within this class as a
special case is the popular vertex
packing problem, shown earlier in
the literature to possess this
property.

Recently [15], we have extended
our RLT framework to generate a
new hierarchy of relaxations
leading to the convex hull
representation based on the
development of more generalized
product factors, other than simply
X, and (1-x), forj=1,..., 1, in the
reformulation phase. In addition,
this hierarchy embeds within its
construction stronger logical
implications than only x?= x Vj=
1, ..., n. As a result, it not only
subsumes the previous develop-
ment but also provides the
opportunity to exploit frequently-
arising special structures such as
generalized/variable upper
bounds, covering, partitioning,
and packing constraints, as well as
sparsity.

Although the Reformulation-
Linearization Technique was
originally designed to employ

factors involving zero-one variables
in order to generate zero-one
(mixed-integer) polynomial
programming problems that are
subsequently re-linearized, the
approach has also been extended
to solve continuous, bounded
variable polynomial programming
problems. Problems of this type
involve the optimization of a
polynomial objective function
subject to polynomial constraints
in a set of continuous, bounded
variables, and arise in numerous
applications in engineering
design, production, location, and
distribution problems.

In 129] we prescribe an RLT
process that employs suitable
polynomial factors to generate
additional polynomial constraints
through a multiplication process
which, upon linearization through
variable redefinitions, produces a
linear programming relaxation.
The resulting relaxation is used in
concert with a suitably designed
partitioning technique to develop
an algorithm that is proven to
converge to a global optimum for
this problem. While RLT essen-
tially operates on polynomial
functions having integral expo-
nents, many engineering design
applications lead to polynomial
programs having general rational
exponents. For such problems, we
have recently developed a global
optimization technique [10} by
introducing a new level of
approximation at the reformula-
tion step and, accordingly,
redesigning the partitioning
scheme in order to induce the
overall sequence of relaxations
generated to become exact in the
limit. Our ongoing investigations
include the extension of the RLT
theory to accommodate discrete-
valued variables in general, as
opposed to the more restrictive 0-1
case. We have already verified that
an analogous hierarchy results,
once again leading to the convex
hull representation at level i, with
a paper forthcoming. (This was
presented at the INFORMS
Meeting, New Orleans, Fall, 1995)
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The insights obtained in the
development of the RLT have also
led to a variety of related linear-
ization results. For example, the
specially-structured families of
upper bounding functions for
quadratic pseudo-Boolean
functions known as “paved upper
planes” and “roofs” were
explained in terms of a
Lagrangean dual to the level-one
linearization, with the bound
called the “height” being the
optimal objective function value to
this formulation 2], An offshoot of
this study allowed for the
extension of the published
persistency results on “roof
duality” to polynomial pseudo-
Boolean functions [1]. In fact, the
persistency results on the hierar-
chical levels led to the develop-
ment of an entire new lineariza-
tion strategy which, while not
producing convex hull representa-
tions, characterize an entire family
of persistent linear reformulations
of various constrained and
unconstrained 0-1 polynomial
programs [9], encompassing and
generalizing all known persistent
formulations.

Over the remainder of this article,
we now focus on some specialized
RLT designs that have been used
to solve various specific discrete
and continuous nonconvex
programming problems, and
relate our computational experi-
ence obtained in these instances.
Zero-one quadratic programs
and the quadratic assignment
pr()hi(’m. The zero-one quadratic
programming problem seeks to
minimize a general quadratic
function in 1 0-1 variables, subject
to linear equality and /or inequal-
ity constraints. In [6] we presented
a new linearization technique that,
in effect, evolved to become
precisely the level-one relaxation
of the RLT hierarchy discussed
above. This relaxation was shown
to theoretically dominate other
existing Hnearizations and was
shown to computationally
produce far tighter lower bounds.
In these computations, we solved

quadratic set covering problems

having up to 70 variables and 40
constraints. For example, for this
largest size problem, where the
optimum objective value was
1312, our relaxation produced an
initial lower bound of 1289 at the
root node, and enumerated 14
nodes to solve the problem in 79
cpu seconds on an IBM 3081 Series
D24 Group K computer. When the
same algorithmic strategies were
used on a relaxation that did not
include the special RLT con-
straints, the initial lower bound
obtained was 398, and the
algorithm enumerated 2130 nodes,
consuming 197 cpu seconds.

The first and second level RLT
relaxations have also been used to
develop strong lower bounds for
the quadratic assignment problem.
Because the assignment con-
straints are equality restrictions,
these RLT relaxations are pro-
duced by simply multiplying the
constraints with individual or
with pairs of variables, respec-
tively, as pointed out in Section 7
of 1121, In [3], we show that the
lower bound produced by the first
level relaxation itself subsumes a
multitude of known lower
bounding techniques in the
Jiterature, including a host of
matrix reduction strategies. By
designing a heuristic dual ascent
procedure for the level-one
relaxation and by incorporating
dual-based cutting planes within
an enumerative algorithm, an
exact solution technique [4] has
been developed and tested that
can competitively solve problems
up to size 17, In an effort to make
this algorithm generally appli-
cable, no special exploitation of
flow and/or distance symmetries
was considered. As far as the
strength of the RLT relaxation is
concerned, on a set of standard
test problems of sizes 8-20, the
lower bounds produced by the
dual ascent procedure uniformiv
dominated 12 other competing
lower bounding schemes except
for one problem of size 20, where
our procedure yielded a lower
bound of 2142, while an eigen-
value-based procedure produced a
Jower bound of 2229, the optimum
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value being 2570 for this problem.
Recently, Resende ef al. (Operations
Research, 19953 have been able to
solve the first level RLT relaxation
exactly for problems of size up to
30 using an interior-point method
that employs a preconditioned
conjugate gradient technique to
solve the system of equations for
computing the search directions.
(For the aforementioned problem
of size 20, the exact solution value
of the lower bounding RLT
relaxation turned out to be 2182,
compared to our dual ascent value
of 2142.) As a point of interest, we
mention that Ramachandran and
Pekny UINFORMS, Fall 1995) have
been conducting research on
precisely the second and higher-
level RLT relaxation for this
problem, promoting encouraging
preliminary results.

We have also applied RLT to the
problem of assigning aircraft to
gates at an airport, with the
objective of minimizing passenger
walking distances [18]. The
problem is modeled as a variant of
the quadratic assignment problem
with partial assignment and set
packing constraints. The quadratic
problem is then equivalently
linearized by applying the first-
level of the RLT. In addition to
simply linearizing the problem,
the application of this technique
generates additional constraints
that provide a tighter linear
programming representation.
Since even the first-level relaxation
can get quite large, we investigate
several alternative relaxations that
either delete or aggregate classes
of RLT constraints. All these
relaxations are embedded in a
heuristic that solves a sequence of
such relaxations, automatically
selecting at each stage the tightest
relaxation that can be solved with
an acceptable estimated effort, and
based on the solution obtained, it
fixes a suitable subset of variables
to 0-1 values. This process is
repeated until a feasible solution is
constructed. The procedure was
computationally tested using
realistic data obtained from USAIr
for problems having up to 7 gates
and 36 flights. For all the test

problems ranging from 4 gates
and 36 flights to 7 gates and 14
flights, for which the size of the
first-level relaxation was manage-
able (having 14, 494 and 4,084
constraints, 1‘ospoctiw!y, for these
two problem sizes), this initial
relaxation itself always produced
an optimal 0-1 solution.
Continuous and discrete
bilinear programniing
pl’(,)bh’ms. The well-known
nonconvex, NP-hard bilinear
programming problem seeks to
Minimize ¢ (v, y)y =y + d'y + Y'Gy,
subject to (x, y) € Z m L2, where
NeR?, yeR™, 7 is a polyhedron in
Rren and £21s a hyperrectangle,
representing finite lower and
upper bounds on the variables.
The problem considered is
separably constrained if Z is
separable over x and y, as is often
assumed to be the case, and is
jointly constrained, otherwise. (The
latter class of problems are more
difficult to solve in practice.)
Problems of this type find
numerous applications in
economics and game theory,
focation theory, dynamic assign-
ment and production problems,
and various risk management
problems.

An enhanced first-level RLT
relaxation is designed in [17] for
such problems by using all
pairwise products of structural
and bounding constraint factors.
For special classes of polytopes,
this is shown to vield an exact
convex hull representation. (Also,
see |16].) More generally, this
vields a linear programming
relaxation that is embedded
within a provably convergent
branch-and-bound algorithim,
Computational experiments were
conducted on problems of size up
to 14 variables, including both
separably and jointly constrained
test problems from the literature,
as well as on randomly generated
problems. For all 15 instances of
separably constrained problems
and a great majority of jointly
constrained problems (15 out of 18
instances), the initial linear
programming relaxation itself




N 49

continuedComputational Advances Using RET

solved the underlying bilinear
problem. Whenever this was not
the case, the initial gap between
the lower and upper bounds was
close enough to produce an
optimum after enumerating only a
few nodes (fewer than 11). This
performance exhibits a significant
improvement over the previously
best algorithm based on convex
envelopes, which consumed far
more effort and was unable to
solve several of the test problems
within the set computational
limits.

In 18], we consider a variation of
the bilinear programming problem
in which one of the sets of
variables is restricted to be binary
valued, representing discrete
Jocation or investment decisions,
and where the continuous and the
binary variables are separably
constrained. A partial, modified,
first-level RLT relaxation is
constructed in which bound
factors based on one set of
variables are appropriately used to
multiply constraints involving the
other set of variables, followed by
a linearization of the cross-product
terms. The proposed algorithm
additionally employs Benders’
cuts, disjunctive cuts, and
Lagrangian relaxation strategies.
Again, very favorable computa-
tional results have been reported
on an extensive set of test
problems. In particular, problems
having up to 100 continuous
variables and 70 binary variables
were solved to optimality within
about 250 cpu seconds on an 1BM
3081 computer. For three different
classes of problems differing in
signs on the objective coefficients
and the density of the constraints
in the 0-1 variables, the average
mitial lower bounds over 6
instances of various sizes were,
respectively 99.62%., 99.24%, and
837,

of the algorithm is strongly related

Hence, evidently, the success

to the tightness of the bounds
o
produced by RLT.
In 1231, we have applied a similar
P
RLT approach to solve general
&

linear complementarity problems
(LCP) where the underlving
ying

matrix M does not possess any
special property. (Also, see [22].)
Formulating such problems
equivalently as mixed-integer
bilinear programming problems,
the RLT process described abave
for the latter class of problems was
enhanced by incorporating,
constraint factor Cr()ss—pmducts as
well, and by exploiting the fact
that the optimal objective function
value is zero if and only if an LCP
solution exists. On a total of 70 test
problems using negative definite
and indefinite matrices M of size
up to 25 x 25, all problem
instances except for one were
solved at the root node itself via
the solution of a single linear
program. For the one exception,
the LP solver CPLEX quit after
hitting a limit of 10,000 iterations.
However, when a subgradient
based Lagrangian dual approach
was applied to this problem, the
LCP was again solved at the root
node itself. In general, although
the Lagrangian dual approach was
unable to attain the same tight
bounds as CPLEX did due to
convergence difficulties, and as a
result, it sometimes led to an
enumeration of 2 or 3 nodes, it
was still 3-4 times raster in terms
of the overall effort required as

compared with the CPLEX based
approach.

Continuous and discrete
location-allocation prob-
lems. The RLT strategy has been
used to derive very effective
algorithms for capacitated,
multifacility, location-allocation
problems that find applications in
service facility or warehouse
location, or manufacturing facility
flow-shop design problems. Given
i1 demand locations (customers or
machines) having known respec-
tive demands, the problem is to
simultaneously determine the
locations of some m supply centers
(service facilities, warehouses,
interacting machines, or tooling
centers) having known respective
capacities, and an aflocation of
products from each source to each
destination, in order to minimize
total distribution costs. For the
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rectilinear distance variant of this
problem that arises in applications
where the flow of goods or
materials occurs along grids of city
streets or factory aisles, the cost is
directly proportional to the
shipment volume and the
rectilinear distance through which
this shipment occurs. This
problem can be equivalently
reformulated as a mixed-integer,
zero-one, bilinear programming,
problem of the general form
studied in [8]. We specialized the
discussed level-one RLT proce-
dure for the above problem in [27]
and were able to solve these
difficult nonconvex problems
having up to 5 sources and 20
customer locations to optimality.
In addition, because of the tight
relaxations obtained, this algo-
rithm also provides an efficient
heuristic which upon premature
termination is capable of obtaining
provably good quality solutions
{within 5-10% of optimality) for
larger sized problems.

Another interesting location-
allocation problem arises in the
case when the per unit transporta-
tion cost penalty is proportional to

the squared Euclidean distance
between the supply and destina-
tion points. In contrast with the
transformation used for the
rectilinear distance problem that
essentially analyzes that problem
over the location decision space,
we [30] projected the squared
Euclidean distance problem onto
the space of the allocation-
variables alone, transforming it
into one of minimizing a concave
quadratic function over the
transportation constraints. For this
equivalent representation, we
devised a suitable application of
the RLT concept by generating a
selective set of first level bound
factor based RLT constraints. Our
computational tests have revealed
that the bounds obtained from this
relaxation are substantially
superior to four different lower
bounds obtained using standard
techniques. Computational
experience reveals that the initial
linear program itself produces
solutions within 2-49. of

optimality and that this procedure
significantly enhances the size of
problems solvable by a branch-
and-bound algorithm. We have
solved problems having (im,11)=
(6,120) -~ (20,60) within about 150
cpu secs on an [BM 3090 com-
puter, while the methods employ-
ing four standard lower bounding
techniques (previously developed
by others) were able to handle
problems of size up to only 1 =4
and 1 = 6 within 370 cpu secs on
the same computer.

Predating this work, we had also
studied a discrete variant of the
location-allocation problem in
which the i capacitated service
facilities are to be assigned in a
one-to-one fashion to some
discrete sites in order to serve the
it customers, where the cost per
unit flow is determined by some
general facility-customer separa-
tion based penalty function 131
This problem also turns out to
have the structure of a separably
constrained mixed-integer bilinear
programming problem, and a
partial first lfevel RLT relaxation
that includes only a subset of the
constraints developed in {8}, some
in an aggregated form, was used
to generate lower bounds. A set of
16 problems with (i) ranging up
to (7,50)-(11,11) were solved using
a Benders’ partitioning approach.
For these problem instances, even
the partial, aggregated first level
RLT relaxation produced lower
bounds within 90-95%. of
optimality.

Indefinite quadratic pro-
grams and polynomial
programuming problems. in
[31], we have developed a global
optimization procedure for
linearly constrained indefinite /
concave-minimization quadratic
programming problems. These are
hard nonconvex programming
problems that can have many local
optima that differ significantly
from the global optimal solution.
We have designed and tested RLT
based relaxations for such
problems which depart somewhat
from previous approaches in that
the relaxations are not purely
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linear, but they retain a critical,
manageable degree of nonlinearity
in terms of separable quadratic
functions. Specifically, a selected
set of first level bound factor
based as well as constraint factor
based RLT constraints are
generated and are augmented by
convex, variable upper bounding
restrictions of the type x2 <w,, for
each variable x, in the problem,
where w, is the linearized variable
representing the nonlinear term \;
Furthermore, various range-
reduction strategies were devised
based on the eigenstructure of the
problem, logical tests on the
constraints, and the Lagrangian
dual based lower bound produced
via the RLT relaxation. These
strategies were all embedded in a
branch-and-bound framework to
provide global optimal solutions
to the underlying nonconvex
problems. The tightness of the
RLT relaxations was evident from
the computational results
presented on solving several test
problems from the literature of
size up to 20 variables. For many
instances, the problem was solved
at the initial node itself, while for
others, only a few nodes were
enumerated in solving the
problem. Among the former
instances of problems was one
particularly notorious jointly
constrained bilinear program that
had required 11 nodes to be
enumerated by our previous RLT
based algorithm for this class of
problems and over 105 nodes for a
competing convex envelope based
approach. Also, one published test
problem in 20 variables had not
previously been solved fo opti-
mality. In addition, we attempted
to solve a set of larger (up to 50
variables) randomly generated
problems obtained using an
available test problem generator.
In all the seven instances solved,
the lower bound obtained at node
zero was within 95.2-99.9% of
optimality. Hence, this technique
affords a tool to derive near
optimal solutions to hard
nonconvex prablems via a single
(essentially linear) relaxation.

We have also devised similar RLT
based strategies to solve polyno-
mial programming problems. A
specialization to the water
distribution network design
problem is described in {28} where
global ()ptimal solutions to a
standard test problem from the
literature, and some of its variants,
are presented for the first time
ever. (A recent paper by G. Eiger,
U. Shamir and A. Ben-Tal in Water
Resources Research, 30(8), 2637-
2646, provides the only other
global optimization approach for
this problem, and also solves
certain other instances to
optimality.) For general polyno-
mial programming problems, we
present in 132] some theoretical
and computational dominance
results of applying the RLT lower
bounding scheme directly as in
[29] to the original polynomial
program, versus applying it fo an
equivalent quadratic polynomial
program that is obtained through
a standard successive transforma-
tion process. This dominance
holds even if all alternative ways
of making such a transformation
are simultancously included within
the quadratic reformulation.

In [33], we present various new
classes of RLT constraints that can
be used to tighten relaxations. For
univariate po]ynomial programs,
these constraints use certain
special squared grid factor
products based on a discretization
of the bounding interval in one
case and certain squared Lagrange
interpolation constraints based
also on a discretization in the
second case. In each case, the
stated constraints define valid
inequalities derived by suitably
composing products of factors,
where each factor is based on a
grid point rather than simply on a
bounding interval end-point. For
example, on a sample of problems
having degree 3, 4, and 6 with
respective optimal values ~4.5, 0,
and 7, respectively, our RLT
procedure produced the optimum
via the initial lower bounding
linear program itself, while a
standard exponential transforma-
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tion based technique produced
initial lower bounds of ~1311, -
22354, and -5519681, respectively.
Similarly, we solved some
standard constrained multivariate
engineering design test problems
from the literature having n
variables, and polynomial
objective and constraint functions
of degree 8. Again, the tightness of
the lower bounds produced by the
RLT linear programming relax-
ation at the root node was
instrumental in algorithmic
efficiency. For example, a set of
problems having (1, §) = (2, 4), (4,
4), (10, 3), and (13, 2) with
respective optimal values of -
16.7389, 17.01417, ~1768.807, and
97.588, respectively, the initial
lower bounds produced by the
RLT relaxation were -16.7389,
16.75834, ~1795.572, and 97.588,
respectively. Hence, only a few
nodes (often just 1-3) were
required to solve several of these
problems to 1% of optimality.
Conclusions and extensions.
In this article, we have described
our experience in designing
specialized RLT based relaxations
for solving various specific classes
of discrete and continuous
nonconvex problems. We are
currently investigating RLT
designs for many other applica-
tions, notably, some telecommuni-
cation design problems as well as
the development of general
purpose algorithmic strategies for
solving linear mixed-integer 0-1
programming problems and
continuous polynomial program-
ming problems. Specific special
structures inherent within such
problems can be exploited by the
RLT proc

s as discussed in [15].

In conclusion, there is one
particular helpful comment that
potential users of RLT need to
bear in mind. As evident from our
discussion, in using the RLT
approach, one has to contend with
the (repeated) solution of large-
scale linear programming
problems that are generated fo
provide tight polyhedral outer-
approximations for the convex

hull of feasible solutions. By the
nature of the RLT process, these
linear programs possess a special
structure induced by the repli-
cated products of the original
problem constraints (or its subset)
with certain designated variables.
At the same time, this process
injects a high level of degeneracy
in the problem since blocks of
constraints automatically become
active whenever the factor
expression that generated them
turns out to be zero at any feasible
solution. As a result, simplex-
based procedures and even
interior-point methods experience
difficulty in coping with such
reformulated linear programs (see
[8] for some related computational
experience). On the other hand, a
Lagrangian duality based scheme
can not only exploit the inherent
special structures but can quickly
provide near optimal primal and
dual solutions that serve the
purpose of obtaining tight lower
and upper bounds. References [19,
20, 21, 34] provide a discussion on
related literature, as well as new
subgradient deflection and
stepsize techniques and proce-
dures, for generating both primal
and dual solutions via such a
Lagrangian dual based approach.
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Nominations for the A.W. Tucker Prize Are Invited

T/?L’M(Zt/]8772[ltit‘ﬂ1])7‘0g7‘(l771ml'i’lgSOL‘Z'etyinvitcs nominations for the A.W.
Tucker Prize for an outstanding paper authored by a student. The award will be
presented at the International Symposium on Mathematical Programming in
Lausanne (24-29 August 1997). All students, graduate and undergraduare, are
eligible. Nominations of students who have not yet received the first universiry
degree are especially welcome. Inadvance of the Symposium an award commitree
will screen the nominations and select at most three finalists. The finalists will be
invited, but not required, to give oral presentations at a special session of the
Symposium. The award commiteee will select the winner and present the award
prior to the conclusion of the Symposium. The members of the committee for
the 1997 A.W. Tucker Prize are: Kurt Anstreicher, Rolf. H. Mohring, Jorge
Nocedal, J.-P. Vial (Chairman) and David Williamson.

E[l'gl'/)l'll’t_y'l'hc paper may concern any aspect of machemarical programming;
itmay be original research, an exposition or survey, a report on computer routines
and compuring experiments, or a presentation of a new and interesting applica-
tion. The paper must be solely authored and completed after January 1994. The
paper and the work on which ir is based should have been underraken and com-
pleted in conjuncrion with a degree program.

Nominations must be made in writing to the chairman of the award committee
by a faculty member at the insticution where the nominee was studying foradegree
when the paper was completed. Letcers of nomination must be accompanied by
five copies each of: the student’s paper; a separate summary of the paper’s con-
rributions, written by the nominee, and no more than two pages in lengrh; and
a brief biographical sketch of the nominee.

Deadline Nominations must be sent to

the chairman, as follows, and postmarked

Ater T S S GG4A.
no later than December 31, 1996: Jean-Philippe Vial

HEC/Management Studies
University of Geneva

102, Bd Carl Vogt
CH-1211 Geneva 4
Switzerland

Laboratoire Approximation & Optimisation
Université Paul Sabatiere
Toulouse, France

Its current board committee is
composed of:

) L ] J.-B. Hirlare-Urrury (President)
(Mathématiques de B. Monjarder (Vice-President)

I'Optimisation et de la M. Théra (Secretary)
Décision) is a permanent C. Lemaréchal (Treasurer).

group inside SMAI (Société de  The report on activities of 1994 can
Mathématiques Appliquées et be found in MATAPLI 43 (the news-

Industrielles, France) gathering lecter of SMM) ()H,Ul’v 1995.

. . L For more information please contact:
people interested in: optimiza- Address: 118, route de Narbonne,
tion (mathematical program- 31062 TOULOUSE Cedex - France.
ming, variational problems, Secrérariat: Bariment 1R2, Porte 25,

operations research) and math-  rez de chaussée.
Telephone: 61 55 67 78
Telecopie: 61 55 61 83
E-mail: lao@cict-fr

ematics of the decision sciences
(mathematical economics,

mathematics in social sciences). . .
SR FTRIART-URRUTEY
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5th SIAM Conference on
Optimization, British Columbia
May 20-22, 1996.

18th Symposium on Math-
ematical Programming with
Pata Perturbations

George Washington University
23-24 May 1996

IPCO V, Vancouver, British
Columbia, Canada
June 3-5, 1996

Fifth International Sympo-

Luminy-Marseille, France
June 17-21, 1996

7th Stockholm
Optimization Days
Stockholm, Sweden

June 24-25, 1996

IFORS 96 14th Triennial
Conference, Vancouver
British Columbia, Canada
July 8-12, 1996

IRREGULAR 96

Santa Barbara, California
Aug. 19-23, 1996

¥ International Conference on
Nonlinear Programming
Beijing, China

Sept. 2-5, 1996

Symposium on Operations
Research (SOR96)

Technical University
Braunschweig, Germany
Sept. 4-6, 1996

sium on Operations Research
and its Applications

(ISORA "96)

Guilin, China

Dec. 11-13, 1996

¥ XVl International
Symposium on Mathematical
Programming, Lausanne
Switzerland, Aug. 1997

sium on Generalized Convexity

Second International Sympo-

conferences
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7th Stockholm
Opftimization Days
Stockholm, Sweden,
June 24-25, 1996

We welcome theoretical, computa-
tional and applied papers for the 7¢h
Stockholm Optimization Days, a
two-day conference on optimization,
to be held at KTH {Royal Institute
of Technology) in Stockholm, Swe-
den, June 24-25, 1996.

There will be sessions on various as-
pects of oprimization, including
nonsmooth optimization, linear and
nonlinear programming, as well as
applications of optimization in areas
such as structural oprimizarion and
transportation.

We anticipate some 30 talks in roral,
out of which approximarely 15 are
invited presentations.

Abstracts (maximum 200 words)
should be sent by May 1 (preferably
by e-mail) ro:

optdays@math kth.se

or by mail to:

Optimization Days

Division of Opdmization and
Systems Theory

KTH

S-100 44 Stockholm

Sweden

Fax: +46 8 - 22 53 20.

Further informarion can be obrained
from the same addresses.

The conference is financially sup-
ported by the Goran Gustafsson
Foundation and the Swedish Na-
tional Board for Industrial and
Technical Development (NUTEK).
The organizing commitcee consists
of UIf Brannlund, Anders Forsgren
and Krister Svanberg (head), from
the Division of Optimization and
Systems Theory, Department of
Mathematics, Royal Institute of
Technology (KTH).

SKRISTER SVANBERG
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participation of WG 7.4 of the IFIP
Technical University
Braunschweig, Germany
September 4-6, 1996

Section

1. Linear Programming
2. Nonlinear Programming
3. Combinatorial and Discrete Opumization
4. Graph Algorithms and Complexity
5. Stochastic Models and Optimization
6. Scheduling

Production
8. Transportation
9. Macroeconomics, Economic Theory, Games
10. Startistics and Econometrics
11. Marketing and Data Analysis
12. Informartion and Decision Support Systems
13. Banking, Finance, Insurance
14. Environment, Energy, Health
15. Neural Networks and Fuzzy Systems
16. Control Theory
17. Simulation
18. Practical OR (Application Reports)
Conference languages: English and German
Deadlines:
Apr 1,1996
Apr 15, 1996
May 15, 1996
Jul 15, 1996
Aug 1, 1996
Aug 1, 1996

sor?6@tu-bs.de

SOR96 Announcement & Call for Papers

Symposium on Operations Research (SOR96)
Annual Conference of the DGOR and GMOOR with the

Chairperson

Bixby, Houston
Scholtes, Karlsruhe
Burkard, Graz
Méhring, Berlin
Mosler, Kéln

Drexl, Kiel
Tempelmeier, Koln
Domschke, Darmstadt
Eichhorn, Karlsruhe
Kreiff, Braunschweig
Gaul, Karlsruhe
Derigs, Koln
Minnemann, Diisseldorf
Stepan, Wien
Werners, Bochum
Hartl, Wien

Chamoni, Duisburg

Schuster, Jesteburg

Sending a paper copy of the abstract

Sending the abstract by e-mail (preferred)

Regular registration deadline

Sendout of the preliminary program

Requests for cancellation refund

Receipt of a paper for the proceedings volume
Distribution and gathering of information for SOR96 will 1o a large extent be

based on e-mail and electronic networks. So, whenever possible, use e-mail and
the Web for communication. The e-mail address for all these contacts is:

Certain keywords on the subject line will
trigger automatic responses, such as

Subject Reply

info returns the derailed
second announcement

help returns a description of
the e-mail inrerface

help returns a registration

registration  form

help abstract returns an abseract form
help hotel returns a hotel form
help returns informarion
manuscript  concerning manuscripts
for the proceedings

To communicate via the Web, start at

URL
http://moa.math.nat.tu-bs.de/sor?6
and follow the respective links
(WWW.-forms}.

Organizing committee!

Prof.Dr. R. Schaflberger
Prof.Dr. S. Vofd

Prof.Dr. G. Wiischer

Prof.Dr. U. Zimmermann
Program committee:

Prof. Dr. U. Derigs

Prof. Dr. W. Gaul

Prof. Dr. R. H. Mohring

K.-P. Schuster

Mailing address:

Prof. Dr. U. Zimmermann

Abt. Mathem. Optimierung

TU Braunschweig

[)-38106 Braunschweig, Germany
+49(0)531-391-7550

Fax: +49{0)531-391-7559
sor96@tu-bs.de

SMICHAEL BUSSIECK
bussieck@moa.math.nat.tu-bs.de

Annals of Operations
Research

Special Issue on Parallel

Optimization

Parallel computing emerges as one of
the most powerful and versatile tools
available to address complex and large
scale problems. The applications are
varied, numerous and meaningful;
one can mention the fields of finance,
real rirne reaction and decision mak-
ing, intelligent transportation sys-
tems, artificial intelligence, biology
and chemistry, etc. Yer, the potential
gains of parallel computation do not
materialize easily. In fact, parallel
computation challenges researchers to
rethink their models and algorithms,
besides imposing a few specific issues
of its own (e.g., efficient dara struc-
tures, performance measures, etc.).
There is now a significant body of
scientists in operations research and
mathematical programming actively
involved in addressing these issues
and developing sound and efficient
Parallel Optimization models and al-
gorithms in a wide variety of applica-
tion contexts. We intend this special
issue of the Annals of Operations Re-
search to capture the essence of
today’s state-of-the-art rescarch in
this dynamic and exciting field.

We seek original, high quality contri-
butions that may belong, but are not
restricted, to one of the following cat-
egories:

» Methodological work on models
and algorithms in continuous linear
and nonlinear optimization, integer
and mixed integer programming,
combinatorial optimization, network
flows, metaheuristics, global optimi-
zation, stochastic optimization, etc.

PAGE TEN B
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e Issues related to the development,

implementation and evaluation of
parallel optimization methods: load
balancing, daca strucrares, perfor-
mance measures, software libraries,
etc.

 Applicatons: transportation, tele-
communication, location, manufac-
curing, TSP/VRP, finance, biology
and chemistry, erc.

To submit a paper, one may send the
manuscript to one of the editors ei-
ther in paper form - five (5) copies
are then required - or electronically as
a LaTex file. A specific LaTex Style
File for the Annals is available either
from the editors or directly from the
home page of Balwzer Science Pub-
lishers: hitp://www.nl.net/ ~baltzer/
. Electronic submissions are encour-
aged. As an additdonal incentive, the
publisher offers 50 instead of the nor-
mal 25 free reprints when the authors
use the Balzer LaTex Style File.

The manuscript must be original,
previously unpublished and not cur-
rently under review for other jour-
nals. To be considered for the special
issue, the manuscript must be re-
ceived by April 15, 1996. All manu-
scripts will be strictly refereed accord-
ing to the highest standards as out-
lined in the guidelines of the Annals
of Operarions Research. For further
information, please contact either of
the guest editors below:

Teodor Gabriel Crainic

Centre de recherche sur les transports
Universite de Montréal

C.P. 6128, succ. Centre-ville
Montréal (QC) Canada H3C 3]7
(514) 343 7143

fax: (514) 343 7121
theo@crt.umontreal.ca

or

Catherine Roucairol

Laboratoire PRISM

Universite de Versailles

45, Avenue des Erars-Unis

78035 Versailles Cedex, France

(+33 1) 39 25 40 88

fax: (+33 1) 39 2540 57
Catherine.Roucairol@prism.uvsq.fr

ISORA

Second International Sympo-
sium on Operations Research
and its Applications

(ISORA '96)

Guilin, China

December 11-13, 1996

The International Symposium on
Operations Research and its Appli-
cations is a forum for scientists, en-
gineers, and practitioners through-
out the world to exchange ideas and
research results related to operations
research and its applications. The
first symposium (ISORA '95) was
held in Beijing, China, in August,
1995. The second symposium
(ISORA "96) will be held December
11-13, 1996, in Guilin, China.
Topics of interest include bur are
not limired ro: Linear and nonlinear
programming, Combinatorial and
global optimization, Multiobjective
optimization, Stochastic program-
ming, Scheduling and network flow,
Queuing systems, Quality technol-
ogy and reliability, Simulation, Op-
timizations in VLSI, Neural net-
work, Financial modeling and analy-
sis, Manpower pl:mning, Produc-
tion/Inventory control, Flexible
manufacturing systems, Decision
analysis, Decision support systems,
Micro-computer software of OR
methods. Papers on real-world appli-
cations will be especially appreci-
ated.

The symposium is sponsored by the
Asian-Pacific Operations Research
Center within the Association of
Asian-Pacific Operational Research
Socteties (APORS) and Chinese
Academy of Sciences (CAS).

The symposium chair is Professor
Xiang-Sun Zhang (CAS).

The ISORA 96 is supported by the
Institute of Applied Mathemarics,
Chinese Academy of Sciences; the
Operations Research Society of
China; the Narional Narural Science
Foundation of China; and the State
Science and Technology Commis-

sion of China.
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The ISORA *96 will be held in
Guilin, a city in subtropical south
China with a reputation for having
the country’s most beautiful scenery.
Authors are requested to submit
five copies of an extended absrract
as follows:

Organizing Committee Chair:
Prof. Kan Cheng, Institute of
Applied Mathematics, Chinese
Academy of Sciences, Beijing
100080, P.R. China.

fax: 86-10-254-1689
isora@amath3.amt.ac.cn

or

Program Committee Chair:

Prof. Ding-Zhu Du, Computer
Science Department, University of
Minnesota, Minneapolis, MN
55455, U.S.A.

fax: 612-625-0572
dzd@cs.umn.edu

Submissions should be written in
English, at most ten pages, and in-
clude the e-mail address of one au-
thor who is responsible for all corre-
spondence. One author of each ac-
cepted paper should attend the con-
ference and present the paper. Pro-
ceedings of ISORA 96 will be pub-
lished by Beijing World Publishing
Corporation, and selected papers

will be put in a special issue of the

Journal of Global Optimization.

The conference welcomes any spe-
cial session on the above topics. Pro-
posals for special sessions should be
sent to one of the addresses above
before July 1, 1996.

Deadline for submission of papers:
June 1, 1996

Notification of acceprance:

August 1, 1996

Camera-ready manuscripr due:
September 1, 1996

For information about program,
registration and local arrangements,
please conmct:

Dr. X.-D. Hu

fax: 86-10-254-1689
ISORA@amath3.amt.ac.cn

or Prof. Ding-Zhu Du
fax: 612-625-0572

dzd@cs.umn.edu

Szcged, Hungary

December 1995
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The Third Workshop

on Global Optimization was
held in December 1995 in Szeged,
Hungary, and was organized by the
Austrian and the Hungarian Opera-
tions Rescarch Societies. More than
60 participants followed a tight
schedule of 45 ralks. The papers cov-
ered many aspects of the field, such
as new heuristics, utilization of
seructural information, method-
ological questions, complexity, etfi-
ciency and reliability of global opti-
mization algorithms. The reported
applications dealt with such diverse
subjects as protein folding, financial
problems, tracking elementary par-
ticles, chemical process network syn-
thesis, water quality management,
optimal rejuvenation policy, and re-
construction problems in picture
processing,.

Participants arrived from 19 coun-
tries, including New Zealand, Jor-
dan, Australia, Mongolia, the
United Staces, Germany and Russi
Due to the assistance of the sponsors
(Hlungarian Research Fund OTKA,
Veszprem University, Szeged City
Mayor's Office, Pick Szeged Re. and
MOL Oilindustrial Trust), many

important representatives in the feld

were able to participate.

The papers arising from the ralks
presented ar the workshop will be
refereed and then published by
Kluwer Academic Publishers in two
special issues: Journal of Global Opti-
mization, and in the book Develop-
ments in Global Optimization in the
series Nonconvex Optimization and
its Application.

Although the five days were quite
full, we did find time to see a folk
dance show and to have a short
sightseeing tour. There was also a re-
ception given by the Rector of the
Jozsef Atcila University and another
by the Mayor of Szeged. Inrerest-
ingly, the Mayor of Szeged, Dr.
Istvan Szalay, is a mathemarician
working on approximation theory.
The volume of extended abstracts,
photos and many other documents
of the workshop are available on the
Incerner at the following addresses:
URL: http://www.inf.u-szeged.hu/
“globopt

FTP: ftp.jate.u-szeged.hu

in the directory /pub/math/
optimization/globopt

CTIBOR CSENDES
csendes@inf.u-szeged.hu

http://www.inf.u-szeged.hu/
“csendes/

conference on Network Optimi-
zation was held at the Center for Applied
Optimization at the University of Florida, Feb.
12-14, 1996. This conference was sponsored

sy the National Science Foundarion and en-
dorsed by SIAM, the Mathematical Programming Society
and the Institute for Operations Research and Management
Science. Organizers were Panos Pardalos, Don Hearn and
Bill Hager.

The conference opened with alecture by Thomas Magnanti
(MIT) on “Designing Survivable Networks.” Often a net-
work needs to be able to withstand disruptions (link or node
faitures} and yer still provide service ro its customers. This
can be achieved by building redundancy or spare capacity
into the network or using different rypes oflinks (or nodes)
with more reliable links connecting more essential custom-
ers. The speaker described optimization models for these
situations and computational experience in solving large-
scale problems with hundreds of nodes.

The speakers from nine countries discussed diverse appli-
cations in fields such as engineering, compurer science, op-
erations research, rransportation, telecommunications,
manufacturing, andairline scheduling, Since researchersin
network optimization come from many differentareas, the
conference provided a unique opportunity for the cross-
disciplinary exchange of recent research advances as well as
a foundation for joint research cooperation and a stimulus
for future research. To give an idea of the topics discussed,
a few are briefly described below.

Anna Nagurney (University of Massachusetrs) discussed
“Massively Parallel Computation of Dynamic Traffic Prob-
lems Modeled as Projected Dynamical Systems.” Compu-
rational resules on che CM-5 and IBM SP2 on several traffic
network examples were reported.

Warren Powell (Princeron) gavearatkon “Approximations
for Multistage Stochastic Networks™ in which he discussed
recent results of his work which arose out of dynamic re-
source allocation problems.

Michael Florian and Denis Lebeuf (Montreal) presented an
efficient implementation of the network simplex method
which uses an exrended Predecessor Index (XP1) datastruc-

ture and a metaheuristic for the choice of pivor.
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7 Report on the Conference

Gainesville, Florida

Donald Ratliff (Georgia Tech) and Cynthia Barnhart MIT)
presented their work on “Submodular Network Design
Problems.” These problems generally involve opening a
subset of network elements (nodes, arcs or paths) from some
larger candidate ser.

Dimitri Bertsekas (MIT) reported on recent algorithmicand
implementation developments using a C version of the
RELAX code and standard nerwork rest problems as well as
initialization rechniques based on a recently proposed auc-
tion/sequential shortest path algorichm,

Robert R, Meyer (University of Wisconsin-Madison) re-
ported on “Optimal Equi-Partition: Billion Variable Qua-
dratic Assignment Problems.” He presented an efficient
method for assigning the cells of a uniform grid among an
arbitrary number of processors so that load balancing con-
straints are observed while minimizing the overall perimerer
of the partition.

Michael Grigoriadis (Rutgers) analyzed the complexity of
fast approximation schemes for problems characrerized by
anumber of disjoint convex (blocks) and a number of block-
separable nonnegative convex (coupling constraints).
Michael Ball (University of Maryland) gave a talk on “The
Rural Postman vs. the Traveling Salesman: Modeling Prob-
lems on the Border Between Arc Routing and Node Rout-
ing.” He formulated several complex routing models based
on actual experience with the application areas of merter
reading, mail delivery and refuse pickup.

Orther invited speakers included: Karen Aardal, Ronald
Armstrong, John Birge, Rainer Burkhard, Narsingh Deo,
Antonio Frangioni, Robert Freund, Steven Gabriel, Alexi
Gaivoronski, Jean-Louis Goffin, Andrew Goldberg, Chi-
Geun Han, M. Joborn, Jeffrey Kennington, Bruce Lamar,
P.O. Lindberg, Achanasios Migdalas, Michael Patriksson,
Rekha Pillai, Lazaros Polymenakos, Aubrey Poore, Motakuri
Ramana, Ph.L. Toint, Theodore Trafalis, and Guoliang Xue.
Several participants were from industry and national labo-
ratories including IBM Watson Rescarch Center, AT&T
Bell Laboratories, Argonne National Laboratory, NEC
Research Institure, ORNL Oak Ridge, CAPS Logistics,
ITALTEL Italy, and ICF Kaiser Internacional.

Proceedings of the conference will

be published later this year by
Springer-Verlag.

PANOS M. PARDALOS
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Harlan Mills

1920 - 1996

Harlan D. Mills died at his resi-
dence in Vero Beach, Florida, on
January 8, 1996, at the age of 76.
Harlan received his Ph.DD. in Mach-
ematics at lowa State. He served on
the faculties of Towa Starte, Princeton
University, New York University,
University of Maryland, University
of Florida, and was Professor of
Computer Science at the Florida In-
stitute of Technology. In recent
years, Harlan was recognized for his
brilliant work in software develop-
ment (chief programmer teams, top-
down design, scructured program-
ming and cleanroom software engi-
neering), but he began his career
working in mathematical program-
ming and operations research. His
paper “Marginal Values of Matrix
Games and Linear Programs” (pp.
183-193 of Linear Inequalities and
Relaied Systems, HW . Kuhn and
AW, Tucker, eds., Princeron Uni-
versity Press, 1956) was one of the
first to investigate this area.

He was one of the founders and
President of the Princeton-based
consulting firm Mathematica, Inc.
He worked for IBM and was an
IBM Fellow and a member of irs
Corporate Technical Committee, a
technical staff member of RCA and
GE, and President of Software Engi-
neering Technology. In 1986, he
was Chairman of the Computer Sci-
ence Panel for the U.S. Air Force
Scientific Advisory Board; from
1980-83, he was Governor of the
TEEE Computer Society; and from
1974-77, he was Chairman of the
NSF Computer Science Research
Panel on Software Methodology.

Harlan epitomized the rare scientist

who knew how to integrate the ideas
and merthods of computer science,
marhematics and operations re-
search, All of us have been influ-
enced and have benefited from his
productive career,

SSAUL GASS

Steven Vajda
1901 - 1995

Steven Vajda, onc of mathematical
programming’s true pioneers, passed
away after a short illness on Decem-
ber 10, 1995.

Born in Budapest in 1901, he stud-
ied mathematics primarily in Vienna
with shorter visits paid to Berlin and
Gorttingen, obtaining degrees in ac-
ruarial science and mathematics. Af-
ter qualifying, he worked as an acru-
ary in Hungary, Romania and Aus-
tria. In 1939, just before the out-
break of World War I1, he moved o
England. Like many others arriving
from continental Europe at that
time, Steven Vajda was interned for
six months on the Isle of Man where
he taught mathematics and partici-
pated in establishing a “do-it-your-
self” university. During most of
World War I he worked for an in-
surance company at Epsom but in
1944 was invited to join the Britsh
Admiralty as a statistician, soon tis-
ing to Assistant Director of Physical
Research and later of Operational
Research. In 1952 he was promoted
ro Head of Mathematics Group at
the Admiralty Research Laboratory,
Pat Riverr was the first Professor of
OR in the UK (Lancaster Univer-
sity, 1963). Steven Vajda became the
second when he joined Birmingham
University in 1965, a position he
held undl his retirement in 1968

when he became a Fellow, In 1967
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he was invited by Sussex University

to become a Fellow and in 1973 be-
came Visiting Professor of Math-
ematics, in which role he continued
actively, teaching and writing re-
search papers, for about 22 years, a
record which is unsurpassed in the
UK and probably anywhere outside
the UK as well.

Vajda was awarded an honorary de-
gree (1. Tech, h.c) by Brunel Uni-
versity. His eminence was also recog-

rch

nized by the Operational Res
Society (ORS) in the award of its
Silver Medal, followed in 1995 by a
Companionship.

Debts to Steven Vajda are in one
way or another owed by many. After
joining the Admiralty, he spent
about 50 years consciously or un-
consciously motivating the carcers of
numerous OR workers. He exerted
this influence directly by teaching
and conference presentations and in-
directly by his writings and by the
example of his life.

In appreciation, a group of friends
and colleagues joined forces and sug-
gested to the Mathematical Pro-
gramming Study Group, ORS, that
a special meeting should be
organised to celebrate his work as
the true founding father of math-
ematical programming in the UK,
Focusing on duality, the meeting

was eventually held in London on

10 February 1995. Among the high-
lights were the award of the Com-
panionship of ORS and the warm
speeches delivered afterwards at the
dinner. The influence of mathemari-
cal programming was acknowledged
and an early volume (Vajda, 1956)
was recalled as the very first book in
Europe on lincar programming, be-
ing translated into French, German,
Japanese, and Russian. I¢ is indeed
Steven Vajda who could rightdy
claim to have introduced the subject
to both Europe and Asia. A report
on the festive 10 February meeting
appeared shortly after {Simons,
1995). Another visible outcome is
the forthcoming Special Edition of
Journal of Mathematics in Business
and Industry edited by S. Powell and
H.P. Williams (Powell and Will-
lams, 1996).

Vajda’s fifteenth book, A Math-
ematical Kaleidoscope, co-authored
by Emeritus Professor Brian
Conolly, came our just a few weceks
before his death. The biographical
dara above is based on the secrion
“About our Authors” found therein,
on conversations with Professor B.
Conolly and L.B. Kovics, on an in-
rerview in OR Newslerter (Bather,
1995}, and on the citation prepared
by Professor Maurice Shutler for the
Award of the Companionship of the
Operational Research Society to
Steven Vajda (Shutler, 1995).

It is a gift of grace w enjoy a long
life without suffering the physical
horrors of old age and even more so
to preserve both a warm heartand a
brilliant mind o the end. Those
gifts were granted to Professor
Steven Vajda.

FAKOB KRARUP

krarup@diku.dk
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Svata Poljak
1951-1995

Svatopluk Poljak died on April 2,

1995, atage 44 in an auto accident
near Prague. He is survived by his
wife Jana and their two sons Honza
and Vieek.

He was born in Prague on Ocrober
9, 1951, and did his training at
Charles University in Prague. He re-
ceived his RNDr diploma (doctorare
in natural sciences) in 1976 and ob-
tained his PhD in 1980 under the
supervision of Zdenek Fledrlin.
Svata taught at the Czech Technical
University in Prague from 1979 to
1986, when he rejoined Charles
University as a senior researcher. He
was awarded a qualification degree
from the Czechoslovak Academy of
Sciences in 1990, In April 1994
Svata moved to the University of
Passau to take up a position on the
Faculty of Mathematics and Com-
puter Science.

Svata’s contributions are bese dem-
onstrared by over 95 publications in
diverse areas of combinatorics and
discrere optimization. At the time of
his death he was working intensively
on solving discrete oprimization
problems such as the max-cur and
stable set problems, using eigenvalue
techniques and nonlinear program-
ming approaches. The fast approxi-
macion algorithms for finding a

maximum cut in a graph thar re-
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cently came in the spotlight after the
breakthrough paper by Michel
Goemans and David Williamson,
find their root in work of Svara
(with Charles Delorme) on eigen-
value mechods for graph problems.
[ndeed, the two approaches of
Michel and David and of Charles
and Svata are, in fact, dual in the
sense of semidefinite programming
duality. Svata and Charles conjec-
rured in 1993 that the bound pro-
vided by this approximation is very
close to the true optimum (within
13 percent); Goemans and Williams
succeeded in proving an estimation
slightly larger than the conjectured
one. These results are very interest-
ing from a theoretical point of view;
moreover, they are promising for the
practical purpose of solving max-cut
problems, as these can now be rack-
led via interior point methods.

It would be difficult to summarize

all of the significant concributions
Svata made. One area where his

work had a big impact, though per-
haps not so well-known, was in
neural networks. e (along with
Dan Turzik) found an elegant solu-
tion [0 an open question concerning
the periodical behaviour of finite au-
romara.

Svara collaborared with many people
throughour the world, always bring-
ing warmth and friendship in work
relationships. Many of us have lost
in him a precious collaborator and a
dear friend. We all miss him very
much.

SMONIQUE LAURENT

laurent@dmi.ens.fr

SHENRY WOLKOWICZ

A list of Svata’s publications as well
as several of his publications have
been posted by Henry Wolkowicz
and can be found on the

WWW > at URL:A\\>

http://orion.uwaterloo.ca/
“hwolkowi/.preprints/authors.d/
poljak.d/

The council has decided on the locations and

the chairs of the Organizing and Program

Committees of the next two [PCO-meetings.

They are as follows:

[PCO 6, 1998

Houston, TX, U.S.A.

Chair of the Program Committee: Robert E. Bixby

Chair of the Organizing Commiteee: E. Andrew Boyd

[PCO 7, 1999

Ciraz, Austria

Chair of the Program Committee: Gérard Cornucjols

Chair of the Organizing Committee: Rainer E. Burkard

-KAREN AARDIAL
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Nonlinear Programming

By O.L. Mangasarian

Classics in Applied Mathematics 10,
SIAM

Philadelphia, 1994

ISBN 0-89876-341-2

umerical optimization (nonlinear

programming) is a rich and practical
subficld of applied mathematics.
Underpinning the methods of (con-
strained) numerical optimization isan
elegant theory connecting convexity, optimality conditions,
duality, and various aspects of nonlinearity. A serious stu-
dent, or user, of optimization should scudy chis theory and
have the important conceps readily available. The best
source over the last two decades, in terms of a healthy mix
of rigor, brevity, and accessibility, has been Olvi
Mangasarian's Nonlinear Programming. Happily, SIAM has
chosen to reprint this book in its Classics series.
Nonlinear Programming has been an active member of my
bookshelf for over 15 years. On occasions too numerous
to count, | have reached for my slim blue copy to review
a convexity result or to check a topological definition. |
am usually rewarded, because this book has a remarkable

quality: theimportant theoretical concepts of constrained

optimization are there, easy o find, easy to understand.
Nounlinear Programming begins in Chaprers 1-4 with basic
definitions, a discussion of “theorems of the aleernative”
and an introduction to the fundamentals of convexity.

Chaprer 5 is concerned with optimality conditions with-

outassuming differentiabilivy. Tike this chaprer for two
reasons. First, the material is importantbut notcommonly
presented (typically atleastdifferentiability isassumed).
Second, the author does an excellent job of clearly indi-
cating when convexity is required and when it is nor,
Chaprer 6 discusses differentiable convex and concave
funcrions; Chapter 7 presents well-used optimaliey con-
ditions; Chaprer 8 discusses dualicy (a topic thathas played
a prominent algorithmic role in recent years), The pre-
sentation here is distinguished by simple diagrams o
illustrate key points, e.g., various constraing qualifications
and, mostimportanty, diagrams that graphically illuscrare
the relacionships amongst various problems/optimality
characterizations.

Generalizations of convex functions - quasiconvex and
pseudoconvex functions - are discussed in Chaprers 9 and
10. The hallmark of these chaprers is thacsubtle relation-
ships are exposed in simple diagrammatic form.
Chaprer 11 adds nonlinear equaliryconstraines o the mix.
Optimality and duality resules are re-examined in this new
light. Four appendices, following Chaprer 11, form an
important part of this book: Relevant topics from linear
algebra, topology, and real analysis are summarized. These
appendices contain important background material for
the main part of the book, Moreover, they represent a
convenient packaging of basic mathematics used in op-
timization.

In conclusion, Nonlinear Programming is indeed a clas-

sic. Hully agree with the author, “ivisa conci

2, rigorous,
yet accessible account of fundamentals of constrained
optimization theory that is useful both to the beginning
studentas well as the active researcher.” This is a resource
that can beneficevery serious “student” of optimizarion,
Itis important to understand whar a book is not, as well
as whaticis. This book is not abouralgorichms or meth-
ods (none are discussed). It is cerwinly not about prac-
tical computingissues. Itis not concerned with complexity
issues. Tvis also difficult for me o imagine this book as
aprimary textfora course, except perhaps a course taught
by an expert in this area who could “smoorh out” the
material with some examples of applicability and addi-
tional motivating material. The value of this book is as
aresource: it is a wonderful summary of imporane sup-
porting theory for nonlinear optimizarion, especially with
respect to constraings.

FHOMAS FCOPLEMAN
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Control and Optimization
by B.D. Craven

Chapman and Hall
London, 1995

ISBN 0-41 2-55890-4

his volume creats conrrol problems
governed by ordinary differential and
difference equations from a unified
standpoint of optimization in normed
vecror spaces. There are a vast number
of articles in sciencific journals on this topic, but no
comprehensive monograph has previously appeared.
Therefore, this book is a first step in chis direction,
The ideas of optimization are invoduced in the first
chaprer by means of some simple examples in finite and
infinite dimensions. Some mathematical background is
also presented spanning such diverse material as simple
macrix caleulations and the rather deep idea of weak
compactnessand Alaoglu’s theoren. Basic measure theory
is summarized on one page.
Chaprer Two deseribes six basic dynamic control models
and discusses the respective cost functions o be optimized:
advertising models, investment models, production and

inventory models, water management models, fish popu-
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lation models, and epidemic models. Since the 19505,
optimal control theory has been so influenced by space-
craft problems such as fuel minimization and trajectory
accuracy, it is astonishing thata detailed example of this
technical type is not presenced here.

Chaprers Three and Four form the core of the hook.
Chapter Three gives a balanced introduction ro convex-
ity, linearization and multipliers in abstract spaces. Top-
ics are separation properties, theorems of the aleernative,
convexand invex funcrions, Karush-Kuhn-Tucker con-
ditions, (quasi) duality, and an outlook on
nonditferentiable optimization. On this basis, optimality
conditions for control problems are derived in Chapter
Four, both for discrete and continuous time problems.
The main result is the Pontryagin maximum principle,
aderailed proof of which is delayed until Chaprer Seven,
Some worked problems exemplify the ideas. Time
optimality and sensitivity and stability are discussed as
well. Only first order necessary conditions are presented;
the reader does not find any marerial on second order
condirions.

Chapter Five elaborates on the worked examples intro-
duced in Chapter Two. The concepr of singular arcs in
the case where the control appears linearly in the model

is discussed.

Chapter Six is dedicated to algorithms for optimal con-
trol problems. There have been some interesting exten-
sions of finite dimensional optimization algorichms
(Newton-, quasi-Newton- and conjugate gradient algo-
rithms) to infinire dimensions, bur chese algorithms are
neither efficientin their compurational realization norare
they implemented in robust professional-like packages.
{The state of the art in computational oprimal control,
direct and indirect methods, shooting, finite difference
and collocation techniques, which are the narural ap-
proaches for differential equations as side conseraints, is
summarized in [1].)

Excepr for the many misprines in machemacical formu-
lae, where vecross are nottyped in boldface, which grearly
hinders the readability of the rext, this book can be warmly
recommended to mathematicians who are interested in
a quick introduction o the subject. It is not equally
worthwhile for engineers interested in a more heuristic
approach.

I1] Burlirsch, R., D. Kraft: Computational
Optimal Control. Birkhiuser, Boston, 1994.
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