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This monograph introduces researchers inter-
ested in concurrency and automatic verification
to the unfolding technique, which aims at alle-
viating the state explosion problem that arises
when model checking concurrent systems. The
authors are leading experts in the field and pro-
vide an excellent account of the most important
results in unfoldings within a coherent frame-
work, which is accompanied by many examples.
Unfoldings are based on true concurrency mod-
els and were first adapted to model checking
by McMillan in 1992. Since then the unfolding
technique has been successfully applied to, e.g.,
the verification of communication protocols, the
analysis of asynchronous logic circuits, and the
monitoring of discrete event systems. It has also
been adapted to rich modeling formalisms and
implemented in sophisticated verification tools.

Given a description of a concurrent system
as a product of labeled transition systems, the
unfolding technique constructs a special par-
tially ordered graph – a Petri net variant –
whose nodes are not the product’s reachable
states themselves but still contain full informa-
tion about them. To check the validity of a de-
sired temporal property of the system, only a
finite prefix of the system’s unfolding needs to
be explored, which can be exponentially smaller
than the unfolding of the system’s associated
global transition system, depending on the ex-
hibited degree of concurrency. Hence, unfold-
ings can be viewed as a compact data structure
representing a system’s computations.

The monograph focuses on the algorithmic
ideas behind unfoldings, its highlight being an
unfolding-based algorithm for model checking
concurrent systems against properties specified
as formulas in linear temporal logic (LTL). The
book’s elegant approach and structure relies on
the decomposability of the LTL model checking
problem into a repeated executability problem
and a livelock problem, for next-state less LTL
formulas. Accordingly, the authors discuss un-
foldings first for the executability problem, then
for the repeated executability problem, and fi-
nally for the livelock problem.

In each case, a search procedure is given, con-
sisting of a search strategy and a search scheme.

While the strategy can be any order on tran-
sition sequences refining the prefix preorder –
such as ‘shortest history’ or ‘breadth first’ –,
specific search schemes are presented depending
on the verification problem at hand. Intuitively,
a scheme determines when an unfolding can be
cut off and is constructed so that the search pro-
cedure is correct and complete for all (adequate)
strategies. While the generated prefixes of un-
foldings are guaranteed to be finite, their sizes
depend on the choice of strategy.

The monograph convinces by its clear, sys-
tematic approach, an admirable provision of in-
tuition for complex, yet elegant constructions,
and the many illuminating examples guiding the
reader – despite those often requiring one to
turn pages. Experts in unfoldings may have
wished that the authors had stuck with estab-
lished terminology, although any deviation is
clearly pointed out. The authors pay much
attention to carefully presenting the proofs of
their results and especially the completeness
proofs for their search schemes, which are well-
structured and contain sufficient detail; the oc-
casional typo is easy to identify and correct.

The only substantial criticism is that, al-
though the monograph emphasizes algorithmic
aspects of unfoldings, it does not contain a chap-
ter with experimental results that compare un-
foldings to related techniques such as partial
order reduction; instead, the authors only pro-
vide references to tools and experimental stud-
ies. Otherwise, the book is self-contained and
thus suitable for experts in formal methods and
graduate students alike. However, basic knowl-
edge of concurrency models – in particular of
Petri nets and Mazurkiewicz traces – and of clas-
sic LTL model checking will prove helpful.

Overall, this monograph is a success and
highly recommended reading for everyone inter-
ested in concurrency and automatic verification.
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