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by leased data communications channels most economically, a minimum spanning tree
algorithm will suffice. Unfortunately, life is rarely simple; the communications channels
have limited capacity and engineering constraints frequently limit the number of chan-
nels which can be incident at a single location. Thus, what was initially a simple problem
becomes a rather nasty integer programming problem. Data communication is often
' 'bursty''; that is, the peak rate of transmission is very much higher than the average rate.
One way of dealing with the resulting inefficiency is the use of concentration. A
concentrator is a device with several low-speed input channels and (usually) one
high-speed output channel. The sum of the peak data rates of the input lines is usually
more than the channel capacity of the output line but the sum of the average input rates is
less. Thus, in the long term, the traffic from the input lines can all be carried by the one
output line; however, in the short term, data storage must be provided for those periods
when the sum of the input rates is temporarily higher than the output capacity, otherwise
data will be lost. Sizing this storage requires queueing theory. To design a network with
concentration, the number of concentrators, their locations, and the connection of
terminals to concentrators must be decided. This is a capacitated plant location problem.
Quite often redundancy is provided in the network connecting the concentrators to the
computers. This is to provide extra reliability, among other reasons. In this case,
switching and routing functions are often added to the capabilities of a concentrator.
Packets of data move through a network of switches, possibly queueing at each one, as
they travel towards their ultimate destination. Analyzing optimal routing of the packets
to minimize delays leads to convex nonlinear multicommodity fiow problems. Problems
of sizing communication channels on centralized computer networks can be solved using
dynamic programming.

Professor Schwartz has covered these topics and many more. In addition, he has
provided a context to the design and analysis techniques with extensive descriptions of
four major data communication networks: ARPANET, the G.E. Information Services
Networks, the SITA Network, and TYMNET. His book occupies a unique position
intermediate between books such as: (1) Kleinrock's Queueing Systems, especially
Volume 2, and (2) Frank and Frischs' Communication, Transmission and Transporta-
tion Networks, which are basically devoted to a unified group of mathematical
techniques with data communication applications as examples, and books such as (3)
Communications Networks for Computers by Davies and Barber, {4) Data Communica-
tions by Doll, and (5) Martin'sSystemAnalysisforData Transmissions, which basically
deal with data communications applications with design techniques introduced by a table
or formulas with little theoretical development. While the principal use of the book
would be a graduate level textbook in Computer Science or Communications Engineer-
ing, the book should also be attractive to those with Operations Research or Management
Science backgrounds who find themselves involved or interested in data communica-
tions. Schools of Operations Research could contribute to the future economic well-
being of some of their students if they used this book as supplementary material, since
data communications is a dynamically growing field. In fact, I would be glad to hire a
graduate who thoroughly understood the material covered in Professor Schwartz's book.

One might be misled by the somewhat academic format of the book to believe that
the material is not of practical use. I can personally attest that the techniques reported in
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