REVIEWS AND DESCRIPTIONS OF TABLES AND BOOKS

The numbers in brackets are assigned according to the revised indexing system
printed in Volume 28, Number 128, October 1974, pages 1191-1194.

1[9.00].—DANIEL SHANKS, Solved and Unsolved Problems in Number Theory,
Chelsea, New York, 1978, viii + 258 pp., 23% cm. Price $11.95.

The original edition of this book, published by Spartan Books in 1962, has
become a minor classic. It was a tightly organized presentation of elementary
number theory built around the historical treatment of past successful attacks on
number-theoretic problems and around extensive discussion of conjectures and
open questions still awaiting solution. Each of the three chapters had a central
theme, namely (Chapter 1) perfect numbers and the quadratic reciprocity law,
(Chapter 2) the structure of the multiplicative group formed by the coprime residue
classes modulo a given positive integer, and (Chapter 3) Pythagorean triples and
quadratic irrationalities. As a result of the plan of building the book around certain
central themes and their history, the work had a rather idiosyncratic character
which militated against its popular acceptance as a textbook in elementary number
theory. (For example, some number theorists were put off by the fact that the
quadratic reciprocity law was discussed and proved before congruences were
introduced, even though this unusual order of presentation had a sound historical
basis.) In spite of the modest success of the first edition in the textbook derby, it
achieved a firm place in the literature of number theory, being of particular interest
to those working in computational number theory.

It is a pleasure to see this work reissued. No changes were made in the
stimulating original text, but the value of the new edition has been immeasurably
increased by the insertion of a new Chapter 4 dealing with the progress made in the
intervening years on the topics considered in Chapters 1 to 3. Although this
additional material may not increase the appeal of the work as an elementary
textbook, it greatly enhances its value to more professional readers.

While the book is not a work on computational number theory as such, it does
have a healthy emphasis on algorithms and a stress on the importance of efficient
algorithms. Oddly enough, there is very little emphasis on the grand-daddy of all
efficient algorithms, namely, Euclid’s algorithm. However, the author gives a
thorough treatment of Pepin’s test for the primality of a Fermat number, Lucas’s
test for the primality of a Mersenne number, and the Jacobi-symbol algorithm for
determining quadratic residuacity modulo an odd prime. It is refreshing to see a
textbook on number theory which does not contain the frequently-made false
assertion that the use of the quadratic reciprocity law for the Legendre symbol per
se is superior to the use of Euler’s criterion for determining quadratic residuality
modulo an odd prime. There is some good discussion, but unfortunately not
enough, of pseudoprimes to a given base, Euler pseudoprimes to a given base,
Carmichael numbers, and strong pseudoprimes to a given base. Among the
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unsolved problems considered are Artin’s conjecture on primitive roots and the
Hardy-Littlewood conjectures on primes of special forms.

In discussing the frequency of Mersenne primes, the author in 1962 wrote on
page 198, “A reasonable guess is that there are about 5 new (prime) M, for
5000 < p < 50000”. In the 1978 additional chapter, Shanks stood by that guess
even though four prime M, had been found for 5000 < p < 21000. Since 1978
three new prime M, have been found for 21000 < p < 50000, so that Shanks’s 1962
prediction erred on the low side. Even Shanks has feet of clay.

It is natural to compare the work under review with another book on elementary
number theory which has both a historical and an algorithmic emphasis, namely,
Ore’s Number Theory and its History. While Ore’s book makes considerably easier
reading and is therefore probably more suitable for beginners, Shanks’s book
penetrates more deeply and gives a better feeling for contemporary research, both
theoretical and computational.

PAuL T. BATEMAN

Department of Mathematics
University of Michigan
Ann Arbor, Michigan 48104

2[3.10, 3.35).—MAGNUs HESTENES, Conjugate Direction Methods in Optimization,
Springer-Verlag, New York, 1980, x + 325 pp., 24 cm. Price $29.80.

Conjugate direction methods are playing an increasingly important role in
solving optimization problems and large sparse linear systems of equations. Mag-
nus Hestenes’ book on Conjugate Direction Methods in Optimization concentrates
on deriving algorithms for finding critical points of real valued functions. The book
gives a unified treatment of a large number of conjugate direction methods and
their properties and is a rich source of research material and ideas.

The text is based on lectures given at the University of California, Los Angeles,
and several other conferences. Valuable as it is, it will probably not be widely used
for graduate or advanced undergraduate students. The typographical layout and
especially the treatment of indices makes the reading difficult. An attempt to
distinguish between vectors and scalars would have improved the readability.

The text consists of four chapters. The first, Newton’s Method and the Gradient
Method, contains introductory material only partially needed in the subsequent
chapters. The results in the introductory chapter are somewhat misleading, like
Theorem 4.1 and its proof. This result shows that a quasi-Newton method (called a
modified Newton method)

Xes1 = X — Heg(x,)
for solving g(x) = 0 is (Q-) superlinear convergent if and only if L* = 0 provided
{x,} converges to a solution x*. Here
* = lim sup ||/ — H, G(x*)||
k—o0
and G(x*) is the Jacobian matrix. This is wrong and could have been corrected by

defining superlinear convergence in terms of the errors {x, — x*} and not in terms
of L*.



