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In its early days theoretical computer science consisted of computability, grammars,
automata, machines and formal languages, followed in the 1960’s by subjects like
complexity (analysis of algorithms) and semantics of programming languages. Then
each part of computer science happens to possess its own formal issues and theoreti-
cal research on distributed algorithms, analysis of VLSI-designs and many other
practically inspired topics emerged. An answer to the question “What is theoretical
computer science?” − posed in the 1990’s − may be found in this handbook. Its first
part deals with complexity issues: algorithms, their analysis, the underlying com-
putational or machine models, and some data structures. Volume A consists of the
following eighteen chapters.

1. Machine Models and Simulations (P. van Emde Boas, pp. 1−66) is an overview of
machine-based complexity theory covering the basic computational models (Turing
machine, random access machine, storage modification machine, Boolean circuits),
mutual simulations of these models, the costs of these simulations in terms of com-
putation time and space, and the model-independence of the classes P and NP of
problems solvable deterministically, and nondeterministically respectively, in poly-
nomial time on a sequential machine model. The discussion is centered around the
following theses.
Invariance Thesis: “Reasonable” machines can simulate each other within a polyno-
mial-bounded overhead in time and a constant-factor overhead in space.
Parallel Computation Thesis: Whatever can be solved in polynomially bounded
space on a reasonable sequential machine model can be solved in polynomially
bounded time on a reasonable parallel machine, and vice versa.

These theses give rise to the first and the second machine class, respectively.
The second half of this chapter is devoted to this second machine class and to some
models outside these two classes.

2. A Catalog of Complexity Classes (D.S. Johnson, pp. 67−161) is devoted to prob-
lems, reducibility of problems, hardest problems, completeness, complexity classes
and their relativized versions. It provides a survey of numerous complexity classes
and hierarchies of complexity classes − Boolean hierarchy, query hierarchy, polyno-
mial hierarchy (polynomial time-bounded analogue of the Kleene arithmetic hierar-
chy in recursion theory) − as well as their set-theoretical interrelationships and
their complete problems. Then attention is focused on intractable problems (EXP-
TIME and beyond), counting complexity classes (#P), randomized versions of com-
plexity classes, and classes inside P: LOGSPACE, NLOGSPACE, POLY-LOG-
SPACE, SC, NC, NC1 , LOGCFL, and many others.

3. Machine-Independent Complexity Theory (J.I. Seiferas, pp. 163−186) contains
fundamental results in abstract (or axiomatic, or machine-independent) complexity
theory: space compression, gap theorem, speed-up theorems, “leveling” theorem,
union theorem, and honesty theorem. This chapter starts rather concrete by show-
ing the main results for the measure “space” for Turing machines. But it becomes
fully abstract in its second half, leading to recursion theory augmented with the
Blum axioms. All main results are provided with proof sketches.

4. Kolmogorov Complexity and its Applications (M. Li & P.M.B. Vitányi, pp.
187−254) deals with descriptive complexity according to Kolmogorov, Solomonoff
and Chaitin, i.e. the complexity of a single object, coded as a bitstring, rather than a
countable set of objects, viz. the set of computations resulting from an algorithm.
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After an outline of this subject’s history (Von Mises, Wald, Church, Martin-Löf) the
authors treat basic results: incompressibility, infinite random strings, relation to
recursion, information and probability theory. Applications in mathematics (a ver-
sion of Gödel’s Theorem, learnability according to Valiant, weak prime number
theorems) and theoretical computer science are discussed. The later category
includes a characterization of the regular languages in terms of Kolmogorov com-
plexity and, most importantly, establishing lower bounds for numerous problems in
“ordinary” complexity theory.

5. Algorithms for Finding Patterns in Strings (A.V. Aho, pp. 255−300) is a lucid over-
view of the main pattern matching algorithms for strings, viz. the algorithms of
Karp−Rabin, Knuth−Morris−Pratt, Boyer−Moore, Aho−Corasick, and Commentz-
Walter. The latter two are for sets of patterns rather than a single pattern. Other
variations of the pattern matching problem (matching regular expressions, approxi-
mate string matching, string matching with “don’t cares”) are included as well.

6. Data Structures (K. Mehlhorn & A. Tsakalidis, pp. 301−341) concentrates on the
dictionary problem (Insert, delete or access a member of a set.), weighted dic-
tionaries (Apart from inserting, deleting and accessing we can join two linearly
ordered sets and split a set into two sets at a given member.) and variations: the
priority queue, the union−split−find problem, selection, and merging. Hashing
methods and algorithms for numerous types of search trees are referred to together
with the corresponding time and space requirements. Other topics include ephem-
eral versus persistent data structures − i.e. “an update destroys the present version”
versus “old versions can be recovered” − and dynamization.

7. Computational Geometry (F.F. Yao, pp. 343−389) is a survey of a relatively new
subject. Among the many topics are determining convex hulls, use of Voronoi
diagrams, sweep techniques, linear programming, and multi-dimensional search
trees (segment tree, k-d tree, range queries, orthogonal queries).

8. Algorithmic Motion Planning in Robotics (J.T. Schwartz & M. Sharir, pp.
391−430) discusses exact, nonheuristic, and nonapproximating approaches to the
motion planning problem for a robot system: given an initial placement Z1 of a robot
and objects in three-dimensional space and a desired target placement Z2 , deter-
mine whether there exists a continuous obstacle-avoiding motion from Z1 to Z2 , and
if so plan such a motion. Variations of this problem − shortest path problem in two
or three dimensions, adaptive and exploratory motion planning (The position of the
obstacles is unknown in advance.), motion planning with moving obstacles − are
treated as well. Of course, many techniques from computational geometry (e.g. gen-
eralized Voronoi diagrams, intersection detection) are applied in this chapter.

9. Average-Case Analysis of Algorithms and Data Structures (J.S. Vitter &
Ph. Flajolet, pp. 431−524) deals with analytic methods to determine the average-
case rather than the worst-case complexity of basic algorithms like sorting, search-
ing in several kinds of trees, pattern matching, hashing, retrieval of multidimen-
sional data, and some dynamic algorithms (priority queue, union−find algorithms).
Methods applied are combinatorial enumeration, recurrence relations, ordinary and
exponential generating functions, Mellin transforms, and asymptotic analysis.

10. Graph Algorithms (J. van Leeuwen, pp. 525−631) is divided into three parts: (1)
representation and exploration of graphs, (2) basic structure algorithms, and (3)
combinatorial optimization problems on graphs. Representing a graph may be
based on edge queries (e.g. adjacency matrix) or node queries (e.g. adjacency list), or
inspired by its special structure (e.g. interval or planar graphs). Apart from explora-
tions like depth-first and breadth-first search, transitive reduction and transitive
closure are also treated in (1). In (2) algorithms are discussed that provide an
efficient answer to the question “Does a graph G have property P?”. Here P is any of
the numerous graph-theoretic properties related to connectivity, minimum spanning
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trees, shortest paths, paths and cycles, decomposition, and (sub)graph-isomorphism.
Part (3) discusses networks − i.e. graphs in which the edges are labeled by weights
or capacities − and particularly matching problems (Determine a maximum cardi-
nality or maximum weight set of edges such that no two edges in this set are
incident.) and flow problems (Maximum throughput and/or minimum cost from
source to target.). Generalizations include multiterminal flows (two or more sources
and targets) and multicommodity flows (different “colored” flows in the same net-
work simultaneously).

11. Algebraic Complexity Theory (V. Strassen, pp. 633−672) deals with algorithms
(straight-line programs) in numerical algebra: optimality of Horner’s rule, geomet-
ric degree as lower bound, evaluation of continued fractions, decision problems (e.g.
knapsack problem in IRn), matrix multiplication and bilinear maps, discrete Fourier
transform, and completeness of problems.

12. Algorithms in Number Theory (A.K. Lenstra & H.W. Lenstra, Jr. pp. 673−715)
surveys the best algorithms to solve two problems: factoring integers into prime fac-
tors, and finding discrete logarithms. The former consists of primility testing and
the more difficult problem of factorization: if n is composite, find a nontrivial factor
of n. In the latter a prime number p and two elements h and y of the multiplicative
group Fp

* of the field of integers modulo p are given. The problem is whether y is a
power of h, and if so, to determine an m with y = hm.

13. Cryptography (R.L. Rivest, pp. 717−755) or cryptology is the study of communi-
cation in the presence of adversaries. The principal goal is privacy: two parties wish
to communicate in a way such that retrieving the unencoded message from the
encoded one by eavesdroppers is computationally unfeasible, i.e. it reduces to the
factorization of a large number or to solving an NP-complete problem. Other sub-
jects like authentication (The recipient of a message wants to verify that the mes-
sage has not been forged or modified by an adversary.), digital signatures (A user
signs messages so that the signature can later be verified by anyone else.), two-party
and multiparty protocols are also treated.

14. The Complexity of Finite Functions (R.B. Boppana & M. Sipser, pp. 757−804)
surveys Boolean circuit complexity theory, its relation to (alternating) Turing
machine computations, and the corresponding complexity classes (relating time and
space to size and depth). Then emphasis is on sufficiently strong restrictions − viz.
bounded-depth circuits, monotone circuits, formulas (i.e. circuits whose gates have
fan-out 1), branching programs − for which strong lower bounds have been esta-
blished in the 1980’s.

15. Communication Networks (N. Pippenger, pp. 805−833) deals with models of com-
putation in which communication plays a predominant part. A typical example is a
sorting network in which data are moved rather than altered. The discussion
focuses on a proof of Ajtai, Komlós and Szemerédi’s theorem establishing the
existence of sorting networks of logarithmic depth. As applications one obtains
some lower bounds for problems related to those in Chapters 11 and 14.

16. VLSI Theory (Th. Lengauer, pp. 835−868) studies theoretical issues in the
design of integrated circuits or chips (Very Large Scale Integration). Due to the
many processors on a single chip the von Neumann computer model is no longer
adequate and, consequently, complexity measures other than time and space are
used; examples are chip area A, time T, switching energy, and, particularly, the
amount AT2 . Determining lower bounds for this latter measure is a main topic in
this chapter. The proofs are based on a geometric separator theorem and informa-
tion theoretic arguments (communication complexity of Boolean functions).

17. Parallel Algorithms for Shared-Memory Machines (R.M. Karp & V. Ramachan-
dran, pp. 869−941) starts with the parallel random access machine or PRAM as
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computational model. Then relationships with other parallel models (variants of the
PRAM model, Boolean circuits, alternating Turing machines, vector machines) are
established. Efficient PRAM algorithms are discussed that differ completely from
the best sequential algorithms for the same problem: algorithms on graphs, trees
and lists, algorithms for sorting, merging and selection. Finally, much attention is
paid to P-complete problems and the class NC of problems solvable deterministically
in polylog time with a polynomial-bounded number of processors.

18. General Purpose Parallel Architectures (L.G. Valiant, pp. 943−971) introduces a
variant of the PRAM, called XPRAM, as a new computational model. XPRAMs can
be implemented fast on networks like the binary n-dimensional cube or the directed
n-butterfly and on this PRAM-model other variants of the PRAM can be simulated
efficiently. The author argues that the XPRAM may play the same principal part in
parallel computing as the von Neumann model does in the sequential case. Cf. also
L.G. Valiant: A bridging model for parallel computation, Comm. Assoc. Comp.

Mach. 33 (1990) No. 8, 103−111.

Chapters 1−4, 9, 11, 14 and 17 are somewhat more basic than the remaining
ones which are rather inspired by a single application area. The papers are well
written, though some are a bit “dense” (numerous results per page). But they are all
excellent guides to the literature: the number of references ranges from 30 (Chapter
3) to 506 (Chapter 10) with an average of 167. So this volume is highly recom-
manded to all researchers in theoretical computer science and those mathematicians
interested in algorithms, their analysis and complexity issues.

Volume B (Formal Models and Semantics) of this Handbook will be reviewed
separately.

P.R.J. Asveld


