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Preface

Algorithms and programs transform their input into their output. Incremental compu-
tation concerns the re-computation of output after a change in the input. An incre-
mental algorithm, consequently, transforms a change in input into a change in output.
Incremental algorithms, also called dynamic or on-line algorithms, are becoming
increasingly important given the popularity of interactive systems, which must
respond efficiently to a user’s actions, which are usually “modifications” of an “input
document”.

In the context of incremental computation, small changes in the input are
likely to cause correspondingly small changes in the output. It is natural to attempt to
identify the part of the previous output that is no longer “correct” and “update” it.
Where it is not possible to identify the affected part of the output exactly, an incre-
mental algorithm may attempt to identify a conservative approximation (that is, an
over-estimation) of the affected part of the output. Given some part of the output that
needs to be recomputed, an incremental algorithm would benefit by processing only
the portion of the input it needs to process in order to generate that part of the output.
The effectiveness or efficiency of an incremental algorithm depends on how accurate
an approximation to the affected region it can identify and on the overhead it incurs in
doing this.

This book presents results — upper bound results, lower bound results, and
experimental results — for several incremental computation problems. What is com-
mon to all these results is that we seek to determine the efficiency of an algorithm by
analyzing how accurate an approximation to the affected region it identifies and on
the overhead it incurs in doing this. In particular, we try to analyze the complexity of
incremental algorithms and problems in terms of a parameter || ]| that measures the
size of the change in the input and output. An incremental algorithm is said to be
bounded if the time it takes to update the output depends only on the size of the
change in the input and output (i.e., {|3]|), and not on the size of the entire current
input. Otherwise, an incremental algorithm is said to be unbounded. A problem is
said to be bounded (unbounded) if it has (does not have) a bounded incremental algo-
rithm, The results established in this book illustrate a complexity hierarchy for incre-
mental computation from this point of view. These results are summarized below.

We present efficient O (||8]] log {|8]]) incremental algorithms for several
shortest-path problems — the single-sink shortest-path problem, the all-pairs shortest-
path problem, and a generalization of the single-sink shortest-path problem due to
Knuth — establishing that these problems are all polynomially bounded. These
results show that it is possible in these problems to identify, without much of an over-
head, exactly the part of the output that needs to be updated.

We present an O (2!8!!) incremental algorithm for the circuit value annotation
problem, which matches a previous Q(2""31y Jower bound for this problem. Conse-
quently, this establishes that the circuit value annotation problem is an exponentially
bounded problem. We also present experimental results that show that our algorithm,
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in spite of a worst-case complexity of ©(213!!), works well in practice, often identify-
ing a very good approximation to the affected output with very little overhead.

We present lower bounds showing that a number of problems, including graph
reachability, dataflow analysis, and algebraic path problems, are unbounded with
respect to a model of computation called the sparsely-aliasing pointer machine
model.

We present an O (|| 8|| log n) incremental algorithm for the reachability prob-
Jem in reducible flowgraphs, which identifies the affected output exactly, but with an
O (log n) factor overhead.

We present an algorithm for maintaining the dominator tree of a reducible
flowgraph, which identifies a reasonable approximation to the affected output and
updates it efficiently.
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