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Tree Network and Planar Rectilinear Loca- 
tion Theory. By A. J. W. Kolen. Stichting 
Mathematisch Centrum, Amsterdam, the 
Netherlands, 1986. viii + 85 pp. 12.50 Dfl. 
ISBN 90-6 196-300- 1. Centre for Mathemat- 
ics and Computer Science, CWI Tract 25. 

The conceptual problem considered in 
location theory is to decide the optimal con- 
figuration of placing supply objects (facili- 
ties) in a metric space given with demand 
objects (where users are located). Concrete 
problems are defined by specifying the space, 
objects, optimality criteria, constraints, etc. 
The book considers location theory from the 
points of view of combinatorial optimization 
and computational complexity. Two fields 
of location theory are discussed: location on 
graphs (concentrating on tree-graphs) and 
location in the plane (concentrating on the 
4 metric). There is a distinction between 
"center" problems and "median" problems. 
In the former, we are interested in minimiz- 
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difference on the advection term and satis- 
faction of the maximum principle. In two 
spatial dimensions the same effect can be 
achieved by considering the (triangular) ele- 
ments surrounding a given node and identi- 
fying an x-upwind and y-upwind element. 
These elements determine the residual 
weighting in a way which guarantees satisfac- 
tion of a maximum principle. The resulting 
scheme is somewhat cumbersome, since it is 
a node-by-node scheme, when element-by- 
element processing would be much slicker. 
The scheme seems sure to be over-diffusive 
as well, since no optimal weighting is em- 
ployed. On the other hand, the idea of inter- 
preting upwinding as a modification of 
Galerkin weighting to satisfy a maximum 
principle goes far beyond the simple context 
in which it is explained. 

I cannot pretend to be able to view this 
book from the perspective of a "pure" math- 
ematician (partly since I am trying very hard 
to pretend to be an engineer at present). 
However, a mathematician whose orienta- 
tion is not applied, but who wants to know 
something of what this finite-element busi- 
ness is about, would get a very fair, if limited, 
picture from this book. 

DAVID S. MALKUS 
University of Wisconsin, Madison 
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ics and Computer Science, CWI Tract 25. 

The conceptual problem considered in 
location theory is to decide the optimal con- 
figuration of placing supply objects (facili- 
ties) in a metric space given with demand 
objects (where users are located). Concrete 
problems are defined by specifying the space, 
objects, optimality criteria, constraints, etc. 
The book considers location theory from the 
points of view of combinatorial optimization 
and computational complexity. Two fields 
of location theory are discussed: location on 
graphs (concentrating on tree-graphs) and 
location in the plane (concentrating on the 
4 metric). There is a distinction between 
"center" problems and "median" problems. 
In the former, we are interested in minimiz- 

ing the usage cost incurred by the least fa- 
vored user, while in the latter the efficiency 
is measured by the average usage cost per 
user. Another cost is related to setting up the 
supplies. This cost usually does not affect the 
objective function but is subject to a budget 
constraint. 

Multifacility problems on general 
graphs are usually NP-hard. There has been 
a lot of work done on tree-graphs, where 
most of these problems have po!ynomial- 
time algorithms. The author studies proper- 
ties of trees from which duality results can 
be derived with respect to covering problems. 
For example, subtrees of a tree are similar to 
intervals on the real line in the sense that 
they have the following Helly property: if 
every two members of a family of subtrees 
intersect, then the entire family has a non- 
empty intersection. It then follows that the 
intersection graph of subtrees of a tree is 
chordal, that is, every cycle of length four or 
more has an edge connecting two vertices 
not adjacent in the cycle. 

In Chapter 1 the author shows how 
certain dyality properties can be useful for 
designing algorithms. For example, they 
sometimes tell us the structure of a set which 
is guaranteed to contain the optimal value. 
In such a case we can search the 
set, probing candidate values by solving a 
dual problem. Consider, for example, the 
pcenter problem. The input consists of a 
graph with edge-lengths d, and vertex 
weights wi. We have to find a set of p points 
xk(k = 1, . . . , p) on the edges of the graph, 
so as to minimize the maximum weighted 
distance w,d(i, xk) between any vertex i and 
its respective nearest point xk. Here the o p  
timal value of the problem has the form 
wiwjd,/(wi + w,). On the other hand, we have 
the following covering problem: given a 
radius r, find the minimum number q such 
that there exist q points xk(k = 1, . . , q) 
with property that for every vertex i there is 
a point xk at a distance not greater than 
r/wi from i. If the covering problem can be 
solved efficiently, then the pcenter problem 
can also be solved efficiently using an algo- 
rithm for the covering problem to perform a 
search for the optimal value. At least in the 
case of a tree this approach has led to fast 
algorithms. 

In Chapter 2 the author considers prob- 
lems with different setup costs. The simple 
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plant location problem on a graph is the 
following: given a graph with edge-lengths 
d,,, vertex-weights w, and vertex-costs c,, find 
a set of vertices j , ,  . . . , jk SO as to minimize 
the sum of the setup costs C, cJu plus the 
weighted sum 2, w,d,," of transportation costs 
from each vertex i to the respective nearest 
vertex j,. This problem can be formulated as 
a set-covering problem, that is, given a ma- 
trix A of zeros and ones, find a (0, 1)-vector 
x with a minimum number of ones such that 
Ax 2 e ( e  denotes a vector of ones). The 
interesting case is when the latter can be 
solved efficiently. Here the author introduces 
a class of set-covering problems that have a 
"standard greedy form," that is, A does not 
contain the matrix (;A) as a submatrix. This 
class can be solved by the greedy algorithm. 
In the application to location problems on 
trees we have to permute the rows and col- 
umns first to bring the matrix into standard 
greedy form. 

In Chapters 3 and 4 the author discusses 
location problems with interfacility com- 
munication costs. For example, in the 
problem of p-median with mutual commu- 
nication there exist costs associated with the 
distances between facilities and we have to 
find locations so as to minimize the total of 
a weighted sum of these distances plus a 
weighted sum of the distances clients have to 
travel to the respective nearest facility. This 
problem also is studied on trees and in the 
plane with the !, metric. 

In Chapter 5 the author suggests how 
Farkas' Lenima on linear inequalities 
can be used in designing algorithms for 
rectilinear location problems. The lemma, 
however, seems a bit too powerful for the 
problems discusszd. Chapter 6 introduces 
the notion of a totally balanced matrix. 
This is a matrix of zeros and ones that does 
not have a square submatrix B such that B 
has no identical columns and its rows and 
columns sums are equal to two. It is shown 
that the totally balanced matrices are pre- 
cisely those matrices that can be permuted 
into matrices in standard greedy form. 

NIMROD MEGIDDO 
IBM Research, 
Almaden Research Center, 
Sun Jose, California 
and Tel Aviv University, 
Tel Aviv, Israel 

Optimal Estimation: With An Introduction 
to Stochastic Control Theory. By Frank L. 
Lewis. John Wiley, New York, 1986. xvi + 
376 pp. $44.95. ISBN 0-471-83741-5. A 
Wiley-Interscience Publication. 

It has been over a qualter of a century 
since the estimation algorithm, which has 
come to be known as the Kalman filter, was 
presented to the systems community [I ] .  At 
around the same time, partly spurred by the 
appearance and translation of the work by 
Pontryagin and his colleagues [2], Kalman 
and others [3]-[5] used the then-emerging 
optimal control theory to formulate the 
equations which govern optimal controllers 
for linear dynamical systems with quadratic 
performance criteria. 

A few years later it was shown rigor- 
ously [6], [7] that these two results may 
legitimately be combined to find the optimal 
controller for a stochastic linear dynamical 
system, again subject to a quadratic perform- 
ance criterion, but now with only partial, 
noisy measurements of the system state being 
available. This fact has come to be known as 
the separatio; principle for the LQG (linear- 
quadratic-Gaussian) problem. The "Gaus- 
sian" portion of the appellation refers to the 
assumptions that all noise inputs have Gaus- 
sian statistics; without this assumption the 
principle fails. 

These results spawned a significant por- 
tion of the research in systems theory over 
the last quarter-century, as well as having a 
major impact on systems engineering as 
more and more practical uses for these tech- 
niques were discovered, and as better and 
better computer programs and hardware 
configurations for implementing the algo- 
rithms were devised. Over the same period, 
the structure and content of the graduate 
courses in control systems offered by most 
universities underwent drastic revision as 
faculties struggled to assimilate the new ma- 
terial into the cumculum, in order to train 
students both to become competent at apply- 
ing LQG theory to the practical problems 
they would encounter when they entered 
industry and to prepare to conduct research 
at the Ph.D. level, and perhaps beyond, if 
the students chose to remain in the academic 
environment and become faculty members 
themselves. 

After considerable practical experience 


