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� Introduction

The theory and applications of rewriting logic have been vigorously developed
by researchers all over the world during the past eleven years� The attached
bibliography includes more than three hundred papers related to rewriting
logic that have been published so far� Three international workshops on rewrit�
ing logic have been held in the United States� France� and Japan �����������	
�
and a fourth will be held in Italy in ����� Furthermore� as explained later in
this roadmap� several language implementations and a variety of formal tools
have also been developed and have been used in a wide range of applications�

Several snapshots of the state of rewriting logic research�some more global
in scope� and others restricted to specic areas such as concurrency or object�
based systems�have appeared so far �����������	����
� The present survey is
another such snapshot� but it is restricted on purpose on two counts� rst in
its length� which is relatively short� and second in discussing only work within
the rewriting logic area� In particular� no attempt has been made to discuss
work on related approaches serving as logical or semantic frameworks� In fact�
it is not even a detailed survey of work in rewriting logic� instead� as its name
suggests� it is a roadmap to help somebody interested in this area get the lay
of the land� that is� a rst general overview of the main concepts� results� and
applications in what we think is a promising research area� In particular� the
references cited in the roadmap do not try to be exhaustive� but only to give
some illustrative examples� However� the bibliography itself contains all the
relevant references that we are aware of at this time�
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� Basic Concepts

In rewriting logic ����
 the basic axioms are rewrite rules of the form t �� t��
with t and t� expressions in a given language� There are two complementary
readings of a rewrite rule t �� t�� one computational� and another logical�

� computationally� the rewrite rule t �� t� is interpreted as a local transition

in a concurrent system� that is� t and t� describe patterns for fragments of the
distributed state of a system� and the rule explains how a local concurrent
transition can take place in such a system� changing the local state fragment
from an instance of the pattern t to the corresponding instance of the pattern
t��

� logically� the rewrite rule t �� t� is interpreted as an inference rule� so that
we can infer formulas of the form t� from formulas of the form t�

The computational and logical viewpoints are not exclusive� they complement
each other and are� in some sense� in the eyes of the beholder� For example�
a simple rewrite theory whose rewrite rules rewrite ground multisets built
out of some constants by means of an associative and commutative multiset
union operator� denoted� say� by �� has an obvious computational reading as a
�place�transition� Petri net� and an equally obvious logical reading as a tensor
theory in propositional linear logic �for a discussion of these two readings see
����
��

A rewrite theory is a ��tuple R � ��� E� L�R�� where ��� E� is the equational
theory modulo which we rewrite� L is a set of labels� and R is a set of labeled
rules � � In the case of a Petri net� � consists of the binary multiset union
operator � and one constant for each place in the net� E consists of the
associativity and commutativity equations for multiset union� L is the set of
labels of the net�s transitions� and R is the set of transitions� Since we rewrite
modulo the equations E� what are really rewritten are equivalence classes

of terms modulo E� In the Petri net example this corresponds to the fact
that each transition rewrites a �fragment of� the current multiset of places
�graphically depicted as a �marking�� with as many �tokens� in a place as its
multiplicity� modulo the associativity and commutativity of multiset union�

As a consequence� the relevant sentences�that may or may not be provable by
the above theory R�are sequents of the form �t
E �� �t�
E� where t and t� are
��terms� possibly involving some variables� and �t
E denotes the equivalence
class of the term t modulo the equations E� The provable sentences are exactly

� For simplicity we will assume that R consists of unconditional labeled rules of
the form l  t �� t�� but all we say extends naturally to conditional rules that may
contain rewrites in their conditions ������
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those derivable by the following inference rules � �

��� Re�exivity� For each �t
 � T��E�X��
�t
 �� �t


�

��� Congruence� For each f � �n� n � IN�
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�
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�

��� Replacement� For each rule l � �t�x�� � � � � xn�
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�

Computationally� the provable sequents describe all the complex concurrent
transitions of the system axiomatized by R� Logically� they describe all the
possible complex deductions from one formula to another in the logic axiom�
atized by R�

Besides having an inference system� rewriting logic also has a model theory

with natural computational and logical interpretations� Furthermore� each
rewrite theory R has an initial model TR ����
� The idea is that we can deco�
rate the provable sequents with proof terms� indicating how indeed they have
been proved� Computationally� a proof term is a description of a� possibly
complex� concurrent computation� logically� it is of course a description of a
logical deduction� The question is then� when should two such proof terms
be considered equivalent descriptions of the same computation�deduction� In
the model TR this is answered by equating proof terms according to natural
equivalence equations ����
� In this way we obtain a model TR with a cate�
gory structure� where the objects are E�equivalence classes of ground ��terms�
and the arrows are equivalence classes of proof terms� Identities are naturally
associated with re�exivity proofs� and arrow compositions correspond to tran�
sitivity proofs� The computational and logical interpretations are then obvious�
since a category is a structured transition system� and logical systems have
been understood as categories since the early work of Lambek on deductive
systems� The proof theory and model theory of rewriting logic are related by
a completeness theorem� stating that a sequent is provable from R if and only
if it is satised in all models of R ����
�

� For simplicity we treat here unsorted �and unconditional� rewriting logic� but
the logic is in fact parameterized by the choice of its underlying equational logic
unsorted� many�sorted� order�sorted� membership� etc�
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Yet another very important property of rewriting logic is re�ection ���������
�
Intuitively� a logic is re�ective if it can represent its metalevel at the object
level in a sound and coherent way� Specically� rewriting logic can represent
its own theories and their deductions by having a nitely presented rewrite
theory U that is universal� in the sense that for any nitely presented rewrite
theory R �including U itself� we have the following equivalence

R � t� t� � U � hR� ti � hR� t�i�

where R and t are terms� of respective sorts Module and Term� representing R
and t as data elements of U � Since U is representable in itself� we can achieve
a �re�ective tower� with an arbitrary number of levels of re�ection ������
�

Re�ection is a very powerful property� it allows dening rewriting strategies
by means of metalevel theories that extend U and guide the application of
the rules in a given object�level theory R ���
� it can be e�ciently supported
in a language implementation by means of descent functions ���
� it can be
used to build a variety of theorem proving and theory transformation tools
���������
� it can endow a rewriting logic language with powerful theory com�
position operations ����������������
� and it can be used to prove metalogical
properties about families of theories in rewriting logic� and about other logics
represented in the rewriting logic logical framework �����	
�

How should rewrite theories be executed in practice� First of all� in a gen�
eral rewrite theory R � ��� E� L�R� the equations E can be arbitrary� and
therefore� E�equality may be undecidable� Assuming that the equations E
are unconditional� a general solution is to transform R into a rewrite theory
R� � ��� �� L � LE� R � E � E��� in which we view the equations E as rules
from left to right �E� and from right to left �E���� labeled by appropriate new
labels LE� In this way� we can reduce the problem of rewriting modulo E to
the problem of standard rewriting� since we have the equivalence

R � �t
� �t�
 � R� � t� t��

In actual specication and programming practice we can do much better than
this� because the equational theory ��� E� is typically decidable� A commonly
occurring form for the decidable equational theory ��� E� is with E � E � �A�
where A is a set of equational axioms for which we have a matching algorithm�
and E � is a set of Church�Rosser and terminating equations modulo A� In
these circumstances� a very attractive possibility is to transform R � ��� E ��
A�L�R� into the theory Ry � ��� A� L � LE�� R � E ��� That is� we now view
the equations E � as rules added to R� labeled with appropriate new labels
LE�� In this way� we reduce the problem of rewriting modulo E to the much
simpler problem of rewriting modulo A� for which� by assumption� we have
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a matching algorithm� The question is� of course� under which conditions is
this transformation complete� that is� under which conditions do we have an
equivalence

R � �t
E � �t�
E � Ry � �t
A � �t�
A�

Conditions guaranteeing this equivalence center around di�erent variations
on the notion of coherence� which is a form of �relative con�uence� between
equations and rules� Methods for checking coherence� or for achieving it by a
process of �relative completion�� have been proposed by Viry in several papers
������������
�

Even when the rewrite theory is coherent and the language implementation
supports rewriting modulo A� executing rewrite theories is nontrivial� because
the rules R in general are neither Church�Rosser nor terminating� Further�
more� some rules in R may have additional variables on their righthand sides�
yet another source of nondeterminism� For this reason� sequential implemen�
tations of rewriting logic typically support rewriting strategies that let the
user specify how the rules should be applied ���	���������������	���
� Such
strategies can be dened in metalevel theories by re�ection� as already indi�
cated� or they may be part of a strategy language supported by a language
implementation� However� one should not forget that rewriting logic is an in�

trinsically concurrent formalism� that can be used directly for concurrent and
distributed programming �see for example ������������
�� Therefore� whereas
in a sequential implementation we are simulating a concurrent execution� and
need a strategy to choose a particular interleaving computation� in a truly
concurrent execution nondeterminism is a fact of life� and we may care much
less about how rules are applied� and be much less able to control their appli�
cation in practice� We may in fact allow many di�erent computations� while
still imposing some weaker requirements such as di�erent forms of fairness�

� Rewriting Logic and Formal Methods

The fact that� under reasonable assumptions� rewriting logic specications are
executable allows us to have a �exible range of increasingly stronger formal

methods� to which a system specication can be subjected� Only after less
costly and �lighter� methods have been used� it is meaningful and worthwhile
to invest e�ort on �heavier� and costlier methods� A rewriting logic language
implementation� together with an associated environment of formal tools� can
be used to support the following� increasingly stronger methods ���
� ��� formal
specication� ��� execution of the specication� ��� model�checking analysis�
��� narrowing analysis� and ��� formal proof�
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Executability� combined with program transformation and compilation tech�
niques� has yet another key advantage� namely� that rewriting logic speci�
cations validated by the above formal methods can then be directly trans�
formed and compiled for e�cient execution� In fact� the state of the art in
rewriting logic language implementations �see Section �� suggests that for
many applications the implementations thus obtained� besides being correct
by construction� can compete in e�ciency with implementations developed in
conventional languages�

The above methodology should be supported by formal tools� First of all� a
re�ective rewriting logic implementation can directly support methods ����
and can also be used as a re�ective metatool to develop other formal tools for
methods ���� Maude has been used in exactly this way ����������
 to build
tools such as an inductive theorem prover� a tool to check the Church�Rosser
property� coherence� and termination� and to perform Knuth�Bendix comple�
tion� and a tool to specify� analyze and model check real�time specications
��������
� Some of the above tools have also been integrated within the formal
tool environment of CafeOBJ ����
� Similarly� as further discussed in Section ��
both ELAN and Maude have been used to develop a wide variety of formal
tools and automated deduction algorithms� based on quite di�erent logics�

Rewriting logic is primarily a logic of change in which the deduction directly
corresponds to the change ����
� as opposed to a logic to talk about change
in a more indirect and global manner� such as the di�erent variants of modal
and temporal logic� Such logics regard a system as a mathematical model�
typically some kind of Kripke structure�about which they then make asser�
tions about its global properties� such as safety or liveness properties� Both
levels of description and analysis are useful in their own right� in fact� they
complement each other� one can use both logics in combination to prove sys�
tem properties�

The integration of these two logical levels is usually straightforward� because
both logics are talking about essentially the same mathematical model� In
fact� the initial model TR of a rewrite theory R is a category with algebraic
structure� where the objects correspond to system states� and the arrows cor�
respond to concurrent system transitions� Therefore� TR can be regarded as a
Kripke structure whose transitions are labeled by the arrows of the category�
A variety of di�erent modal or temporal logics can then be chosen to make
assertions about such a Kripke structure� or about a closely�related structure
obtained from it� such as� for example� the extension T �

R of TR to innite
computations�

The investigation of suitable specication logics having a good integration
with rewriting logic is an active area of research� In the choice of such a spec�
ication logic there are di�erent tradeo�s between� for example� generality�

�



expressiveness� and amenability to di�erent deductive and�or model�checking
techniques� Two general proposals for modal logics for reasoning about gen�
eral rewrite theories are those of Fiadeiro et al� in ����
� and the coalgebraic
approach of Pattinson ����
� But since object�oriented systems constitute a
particularly wide and important application area� modal or temporal logics
that provide explicit support for object systems and can reason about their
rewriting logic specications are clearly of interest� Two candidate formalisms
of this kind have been proposed� One is a version of the modal ��calculus pro�
posed by Lechner for reasoning about object�oriented Maude specications
��	���	���	�
� and another is Denker�s object�oriented distributed temporal
logic �	�
� A direction recently explored by  Olveczky and supported by the
model�checking features of the Real�Time Maude tool ����
 is a timed linear
time temporal logic suitable for reasoning about rewriting logic specications
of real�time systems ����
� in a similar vein� Be�ara et al� have used rewrite
rules and ELAN strategies to verify properties of timed automata ���
� An
even more recent direction actively pursued at SRI is the development of an
explicit state model checker to check linear temporal logic formulas on the
general class of rewriting logic specications executable in Maude� this model
checker will be part of the upcoming Maude ��� distribution�

� Semantic Framework Applications

The computational and logical interpretations of rewriting logic lead to ap�
plications that use it� as a semantic framework� in which di�erent languages
and models of computation are expressed� or as a logical framework� in which
di�erent logics and inference systems are likewise expressed ����
� We rst
discuss semantic framework applications�

��� Models of Computation

This section presents concrete evidence �in highly condensed form� see ��������

for much more detailed discussions� for the thesis that a wide variety of mod�
els of computation� including concurrent ones� can be naturally and directly
expressed as rewrite theories in rewriting logic� As a consequence� models hith�
erto quite di�erent from each other can be naturally unied and interrelated
within a common framework�

The following models of computation have been naturally expressed in rewrit�
ing logic� ��� equational programming� which is the special case of rewrite
theories whose set of rules is empty and whose equations are Church�Rosser�
possibly modulo some axioms A� ��� lambda calculi and combinatory re�
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duction systems ������	���	���	���	�
� ��� labeled transition systems ����
�
��� grammars and string�rewriting systems ����
� ��� Petri nets� including
place�transition nets� contextual nets� algebraic nets� colored nets� and timed
Petri nets ����������	���	��������	
� ��� Gamma and the Chemical Abstract
Machine ����
� ��� CCS and LOTOS �����������������	�������	����
� ��� the
� calculus ������	�
� �	� concurrent objects and actors ��������������������
�
���� the UNITY language ����
� ���� concurrent graph rewriting ����
� ����
data�ow ����
� ���� neural networks ����
� ���� real�time systems� including
timed automata� timed transition systems� hybrid automata� and timed Petri
nets ��������
� and ���� the tile logic ������������
 model of synchronized con�
current computation ������	�������
�

Since the above specications of models of computation as rewrite theories are
typically executable� this suggests that rewriting logic is a very �exible oper�
ational semantic framework to specify the semantics of such models� What
is not immediately apparent from the above list is that it is also a �exible
mathematical semantic framework at the level of concurrency models� That
is� quite often a well�known mathematical model of concurrency happens to be
isomorphic to the initial model TR of the rewrite theory R axiomatizing that
particular model� or at least closely related to such an initial model� Some
examples will illustrate this point� ��� in ��	�
 it is shown that for rewrite
theories of the form R � ��� �� L� R�� with the rules R left�linear� TR is iso�
morphic to a model based on residuals and permutation equivalence proposed
by Boudol� ��� the same paper also shows that for R � ��� E� L�R� a rewrite
theory axiomatizing an orthogonal combinatory reduction system� including
the ��calculus� a quotient of TR by a few additional equations is isomorphic to
a well�known model of parallel reductions based on residuals and permutation
equivalence� ��� the paper ��	�
 shows in detail that for R � ��� E� L�R� a
rewrite theory axiomatizing a place�transition net� TR is naturally isomorphic
�in the categorical sense� to the Best�Devillers net process model�a result
essentially known from the coincidence of TR with the Meseguer�Montanari
algebraic model of nets ����
 and the Degano�Meseguer�Montanari algebraic
characterization of net processes�and then generalizes this natural isomor�
phism to one between TR and a Best�Devillers�like model forR the axiomatiza�
tion of an algebraic net� ��� the papers �����	
 show that forR � ��� E� L�R� a
rewrite theory axiomatizing CCS� a truly concurrent semantics causal model
based on proved transition systems is isomorphic to a quotient of TR by a
few additional axioms� ��� the paper ����
 shows that for R � ��� E� L�R�
a rewrite theory axiomatizing a concurrent object�oriented system satisfying
reasonable requirements� a subcategory of TR is isomorphic to a partial or�
der of events model which� for asynchronous object systems corresponding to
actors� coincides with the nitary part of the Hewitt�Baker partial order of
events model�

An important additional development in this area is the ��calculus of Cirstea
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and Kirchner ��������	���
� This is a very general rewrite theory that can
play for rewriting logic specications a role similar to that played by the
��calculus in functional computing� its generality is shown by the fact that
��terms generalize the rewriting logic proof terms dened in ����
� Further�
more� the ��calculus can simulate the ��calculus itself� In fact� by replacing
and generalizing the ��calculus idea of function application by that of rule ap�
plication� the ��calculus unies both the ��calculus and rst�order rewriting�
In analogy with ��calculi� there are typed versions� including a simply typed
��calculus and a �� cube� ������
�

��� Semantics of Programming Languages

Rewriting logic is a promising semantic framework for formally specifying
programming languages as rewrite theories� Since those specications usually
can be executed in a rewriting logic language� they in fact become interpreters
for the languages in question� In addition� such formal specications allow
both formal reasoning and a variety of formal analyses for the languages so
specied�

The use of rewrite rules to dene the semantics of programming languages is
of course not new� In a higher�order version it goes back to the use of semantic
equations in denotational semantics� in a rst�order version� the power of equa�
tional specications to give semantic denitions of conventional languages has
been understood and used for a long time� However� both the lambda calculus
and executable equational specications implicitly assume that such language
denitions can be given in terms of functions� and rely on the Church�Rosser
property to reach the result of an execution� For sequential languages� by mak�
ing the state of the computation explicit� a functional description of this kind
can always be achieved� The situation becomes more di�cult for languages
that support highly concurrent and nondeterministic applications� and where
the possibly nonterminating interactions between processes or components�
as opposed to the computation of an output value from given inputs�are
often the whole point of a program� Such languages and applications do not
have a natural equational description in terms of functions� but do have a
very natural rewriting logic semantics� not only operationally �by means of
rewriting steps� but also denotationally �TR and related models��

Since structural operational semantics denitions can be used for languages
not amenable to a functional description� it is natural to compare them with
rewriting logic denitions� Their relationship has been discussed in detail in
����
� In fact� both �big�step� and �small�step� structural operational seman�
tics denitions can be naturally regarded as special formats of correspond�
ing rewrite theory denitions ����
� Tile models provide yet another system�

	



atic way of understanding structural operational semantics denitions as tile
rewrite theories ��������
� which can then be mapped into rewriting logic
for execution purposes ������	���
� There is also a close connection between
rewriting logic and Mosses�s modular structural operational semantics �MSOS�
which has been recognized from the beginning ��������
� and that has led to
ongoing work on a Maude Action Tool to execute MSOS denitions and Action
Semantics denitions ���
�

A number of encouraging case studies giving rewriting logic denitions of
programming languages have already been carried out by di�erent authors�
Firstly� some of the models of computation discussed in Section ��� are so
closely connected with languages that their rewriting logic specications are
also language specications� Good examples are rewriting logic denitions of
the lambda calculus and �mini�� ML� CCS� the ��calculus� and sketches of
UNITY and Gamma� which are given in some of the references cited in Sec�
tion ���� Secondly� the usefulness of rewriting strategies to specify program
evaluations has been clearly demonstrated in ELAN specications� for exam�
ple of Prolog and of the functional�logic programming language Babel ����
�
and also in the Maude executable specications for CCS developed by Bruni
and Clavel ������
� and by Verdejo and Mart!"�Oliet ��������
� Thirdly� the
fact that rewriting logic naturally supports concurrent objects has proved
very useful in formally specifying a number of novel concurrent and mobile
languages� For example� Ishikawa et al� have given a Maude specication of
a representative subset of GAEA� a re�ective concurrent logic programming
language developed at ETL� Japan ��������
� Mason and Talcott have used
rewriting logic to give semantic denitions of actor languages� and to �compile
away� certain language features by dening semantics�preserving translations
between actor languages that are formalized as translations between their
corresponding rewrite theories ����
� Van Baalen� Caldwell� and Mishra have
used Maude to give a formal semantics to the DaAgent mobile agent system
and to analyze key fault�tolerant protocols in that language �	
� their analysis
has revealed mistakes and inconsistencies in the protocols� informal specica�
tions� Yet another example is the formal executable specication in Maude of
UPenn�s PLAN active network programming language ��������
� Maude itself
has been used to dene the semantics of its Mobile Maude extension ����
�
Finally� Maude has been used not only to specify programming languages� but
also to specify and verify microprocessors in work by Harman ��������
�

��� Distributed Architectures and Components

It is very important to detect errors and inconsistencies as early as possi�
ble in the software design cycle� For this reason� formal approaches that can
increase the analytic power of architectural notations such as architectural de�
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scription languages �ADLs� and object�oriented design formalisms like UML
are quite valuable� A related concern is the formal specication and analysis
of distributed component architectures�

Rewriting logic has been used by several authors in these areas to allow for�
mal analysis of software designs and� in some cases� to support code gen�
eration from the associated executable specications� Relevant work in this
direction includes� ��� work of Nodelman and Talcott representing both the
Wright architecture description language and its underlying CSP semantics in
Maude� ��� work of Dur!an� Meseguer� and Talcott on semantic interoperation
of heterogeneous software architectures based on their rewriting logic seman�
tics ����
 �see also Appendix E of ��	
�� ��� work of Wirsing and Knapp on the
systematic transformation of UML diagrams and similar object�oriented no�
tations into formal executable rewriting logic specications in Maude� which
can then be used to execute and formally analyze the designs� and even to
generate code in a conventional language such as Java ����������������
� ���
work by Fern!andez and Toval formalizing in Maude the UML metamodel
and its evolution ��������
� with applications to formal analysis and proto�
typing ��������
� ��� work by Nakajima and Futatsugi on the transformation
of GILO�� scenario�based object�oriented design diagrams for execution and
formal analysis ����
� ��� work by Talcott on a rewriting logic semantics for
actor systems axiomatized by actor theories ��������
� such systems can be
extended by an algebra of components� that are encapsulated by interfaces�
and that can include actors� messages� and other �sub��components� in ad�
dition Talcott has developed methods to reason formally about such open
component systems� ��� work by Denker� Meseguer� and Talcott on a general
middleware architecture for composable distributed communication services
such as fault�tolerance� security� and so on� that can be composed and can be
dynamically added to selected subsets of a distributed communications sys�
tem �	�
� ��� work by Najm and Stefani giving a rewriting logic semantics
to the operational subset of the Reference Model for Open Distributed Pro�
cessing �RM�ODP� ���	����
 �see also ����
�� �	� work by Nakajima that uses
rewriting logic specications in CafeOBJ to formally specify the architecture
of WEB�NMS� a Java�ORB implementation of a network management sys�
tem ����
� and ���� work by Albarr!an� Dur!an� and Vallecillo on interoperating
Maude executable specications with distributed component platforms such
as CORBA and SOAP ����
�

��� Speci�cation and Analysis of Communication Protocols

Because of its �exibility to model distributed objects with di�erent modes
of communication and interaction� rewriting logic is very well suited to spec�
ify and analyze communication protocols� including cryptographic protocols�
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and� more generally� network software such as active network programming
languages� active network algorithms� and network management systems�

Applications of this kind include� ��� work by researchers at Stanford� SRI�
and at the Computer Communications Research Group at University of Cal�
ifornia Santa Cruz using Maude to analyze the early design of a new reliable
broadcast protocol for active networks �	��	�
� ��� work of Denker� Meseguer�
and Talcott on the specication and analysis of cryptographic protocols using
Maude �	��	�
 �see also ���	
�� ��� work of Basin and Denker on an experi�
mental comparison of the advantages and disadvantages of using Maude versus
using Haskell to analyze security protocols ���
� ��� work of Millen and Denker
at SRI using Maude to give a formal semantics to their new cryptographic pro�
tocol specication language CAPSL� and to endow CAPSL with an execution
and formal analysis environment �	�����
� ��� work of Wang� Gunter� and
Meseguer using Maude to formally specify and analyze a PLAN active net�
work algorithm ����
� ��� work by  Olvecky et al� using Real�Time Maude to
specify and analyze the AER�NCA suite of active network protocol compo�
nents for reliable multicast ����
� ��� work of Verdejo� Pita� and Mart!"�Oliet on
the Maude specication and verication of the FireWire leader election proto�
col ����
� ��� work of Mason and Talcott on modeling� simulation and analysis
of network architectures and communication protocols ����
� and �	� work of
Pita and Mart!"�Oliet using the re�ective features of Maude to specify some
management processes of broadband telecommunication networks ��������
�

� Logical Framework Applications

Rewriting logic is like a coin with two inseparable sides� one computational
and another logical� The generality and expressiveness of rewriting logic as a
semantic framework for concurrent computation has also a logical counterpart�
Indeed� rewriting logic is also a promising logical framework in which many
di�erent logics and formal systems can be naturally represented and interre�
lated �������	
� Using a rewriting logic implementation such representations
can then be used to generate a wide range of formal tools�

��� Representing	 Mapping	 and Reasoning about Logics

The basic idea is that we can represent a logic L with a nitary syntax and
inference system within rewriting logic by means of a representation map

# � L �� RWLogic�

��



The map # should be conservative� that is� it should preserve and re�ect
theoremhood� The reason why rewriting logic is a good framework is that
the formulas of a logic L can typically be equationally axiomatized by an
equational theory� and the rules of inference can then be typically understood
as rewrite rules� that may be conditional if the inference rules have �side
conditions�� Therefore� the mappings # are usually very simple and direct�
Furthermore� using re�ection we can dene and execute a map # of this kind
inside rewriting logic itself by means of an equationally dened map

# � ModuleL �� Module�

The map # can be dened by extending the universal theory U � which has a
sort Module representing rewrite theories �see Section ��� with the equational
denition of a new sort ModuleL whose terms represent �nitely presentable�
theories in the logic L�

In fact� we can go a step further� and represent inside rewriting logic a mapping
$ � L �� L� between any two nitary logics L and L� as an equationally
dened function $ � ModuleL �� ModuleL�� If the map $ is computable� then�
by a metatheorem of Bergstra and Tucker it is possible to dene the function $
by means of a nite set of Church�Rosser and terminating equations� That is�
such functions can be e�ectively dened and executed within rewriting logic�

In summary� using re�ection� mappings between logics� including maps repre�
senting other logics in rewriting logic� can be internalized and executed within
rewriting logic� as indicated in the picture below�
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There is yet another reason why rewriting logic is very useful for logical frame�
work applications� Thanks to re�ection and the existence of initial models�
rewriting logic can not only be used as a logical framework in which the de�
duction of a logic L can be faithfully simulated� but also as a metalogical

framework in which we can reason about the metalogical properties of a logic
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L� Basin� Clavel� and Meseguer have begun studying the use of re�ection�
induction� and Maude�s inductive theorem prover enriched with re�ective rea�
soning principles to prove such metalogical properties ������
�

A good number of examples of representations of logics in rewriting logic have
been given by di�erent authors� often in the form of executable specications�
including� ��� the logics represented by Mart!"�Oliet and Meseguer in �������	
�
including equational logic� Horn logic with equality� linear logic� logics with
quantiers� and any sequent calculus presentation of a logic for a very general
notion of �sequent�� ��� the map LinLogic �� RWLogic in �������	
 repre�
senting propositional linear logic was subsequently specied in a re�ective way
in Maude by Clavel and Mart!"�Oliet ������
� ��� the map HOL �� Nuprl be�
tween the logics of the HOL and Nuprl theorem provers has been specied in
Maude by Stehr� Naumov� and Meseguer ������	�
� ��� Dowek� Hardin� and
Kirchner have presented �what obviously are� rewrite theories for doing deduc�
tion modulo an equational theory of equivalence between formulas specied
by the equations E of the rewriting logic axiomatization� both for rst�order
and higher�order logics ���	����
� ��� the connections with rewriting logic of
that work have been made explicit by Viry� who has given a coherent sequent
calculus rewrite theory in this style in ��������
 �see also ����
�� ��� Stehr and
Meseguer have dened a natural representation map PTS �� RWLogic of
pure type systems �a parametric family of higher�order logics generalizing the
��cube� in rewriting logic ��	�
� and ��� Bruni� Meseguer� and Montanari have
dened a mapping Tile Logic �� RWLogic from tile logic into rewriting logic
that can be used to execute tile logic specications ���������
�

��� Specifying and Building Formal Tools

Theorem provers and other formal tools have underlying inference systems

that can be naturally specied and prototyped in rewriting logic� Further�
more� the strategy aspects of such tools and inference systems can then be
specied by rewriting strategies� The researchers in the ELAN group have de�
veloped an impressive collection of rewriting logic specications for di�erent
automated deduction inference systems� including the already�mentioned the�
orem proving modulo methods ���	����
� logical languages� unication and
narrowing ���	����
� Knuth�Bendix completion with constraints ����
� higher�
order unication ���
� combination of unication algorithms ����
� constraint
solving ������
� and termination and tree�automata techniques ���	����
� In
a somewhat similar vein� the work of Schorlemmer explores the relationships
between rewriting logic and Levy and Agust!"�s general bi�rewriting approach
to automated deduction ��������
�

In Maude� formal tools have typically a re�ective design that� by metarep�

��



resenting theories as data� easily allows inference steps that may transform
the object theory� Strategies are then rewrite theories controlling the appli�
cation of such metalevel inference rules at the meta�metalevel� We have al�
ready mentioned in Section � several such tools that are part of the Maude
formal environment� namely� an inductive theorem prover� Church�Rosser� co�
herence� and termination checkers� and a Knuth�Bendix completion tool ����
���������	����
� plus the Real�Time Maude tool �����������	
� Also closely
related to Maude itself is the Full Maude tool� which extends Maude with spe�
cial syntax for object�oriented specications� and with a rich module algebra

of parameterized modules and module composition operations ������������
�
This method of building formal tools is not restricted to Maude�related tools�
One can generate tools from their rewriting logic specications for any ni�
tary logic� such as� ��� a proof assistant built by Stehr for the Open Calculus
of Constructions� which extends Coquand and Huet�s calculus of construc�
tions with equational reasoning and a �exible universe hierarchy ��	�
� ��� the
Maude Action Tool ���
 already mentioned in Section ���� ��� a CCS execution
and verication environment developed by Verdejo and Mart!"�Oliet ��������
�
��� a tool by Havelund and Ro&su for testing linear temporal logic formulae on
nite execution traces ������������
� and ��� a tool by Fischer and Ro&su to
automatically check an abstract interpretation against user�given properties
����
�

� Language Implementations

Several language implementation e�orts in France� Japan� and the US have
adopted rewriting logic as their semantic basis and support executable rewrit�
ing logic specication and programming�

The ELAN language has been developed at LORIA �CNRS� INRIA� and Uni�
versities of Nancy� ���	������������	
� It has as modules computational sys�
tems� consisting of a rewrite theory and a strategy to guide the rewriting
process �����	������
� As already discussed in Section �� this group and their
collaborators have developed a very impressive collection of examples and
case studies in areas such as logic programming languages� constraint solving�
higher�order unication� equational theorem�proving� and other such computa�
tional systems� Besides the ELAN interpreter� there is also a high�performance
ELAN compiler� including compilation of AC�rewriting �����������	
�

The CafeOBJ language implementation� developed at the Japan Advanced In�
stitute of Science and Technology �JAIST� in Kanazawa ��������������������
�
contains OBJ as its functional sublanguage� and supports object�oriented
specications� Furthermore� its semantics is multi�logical and includes hidden�
sorted versions of equational and rewriting logic ��������
� The CafeOBJ lan�

��



guage has been the basis of an ambitious research e�ort�the Cafe Project�
involving several research institutions in Japan� Europe and the US� as well as
several Japanese industries� to promote formal methods applications in soft�
ware engineering ��������
� This project has achieved a distributable version
of the language and further work on its semantics� a collection of specication
libraries and case studies� an environment� and a collection of theorem proving
tools supporting di�erent forms of verication� Furthermore� a compiler has
been developed in addition to the Cafe interpreter implementation ��������
�

The Maude language has been developed at SRI� in Menlo Park� Califor�
nia ���������	������
� The equational logic underlying Maude�s rewriting logic
is membership equational logic ����������
� and gives rise to a sublanguage
of functional modules� System modules specify general rewrite theories� and
object�oriented modules provide syntactic sugar for object�oriented rewrite
theories� These modules can be combined by module composition operations
supported by Full Maude ������������
� Maude�s high�performance rewrite
engine makes extensive use of advanced semicompilation techniques� there is
also a high�performance experimental Maude compiler� In addition� Maude
e�ciently supports re�ection through its META�LEVEL module ������
� Maude
has been used in a wide range of applications� many of which have been dis�
cussed in this paper�
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���� Manuel Clavel� Re�ection in General Logics and in Rewriting Logic� with
Applications to the Maude Language� PhD thesis� Universidad de Navarra�
Spain� February �����

��
� Manuel Clavel� Re�ection in general logics� rewriting logic� and Maude�
In Kirchner and Kirchner ������ pages �������� http���www�elsevier�nl�

locate�entcs�volume�	�html�

���� Manuel Clavel� Re�ection in Rewriting Logic� Metalogical Foundations and
Metaprogramming Applications� CSLI Publications� �����

���� Manuel Clavel� Francisco Dur�an� Steven Eker� Patrick Lincoln� Narciso Mart�!�
Oliet� and Jos�e Meseguer� Metalevel computation in Maude� In Kirchner
and Kirchner ������ pages ���
� http���www�elsevier�nl�locate�entcs�

volume�	�html�

���� Manuel Clavel� Francisco Dur�an� Steven Eker� Patrick Lincoln� Narciso Mart�!�
Oliet� Jos�e Meseguer� and Jos�e F� Quesada� Language prototyping in
the Maude metalanguage� Manuscript� Computer Science Laboratory� SRI
International� November �����

��



���� Manuel Clavel� Francisco Dur�an� Steven Eker� Patrick Lincoln� Narciso Mart�!�
Oliet� Jos�e Meseguer� and Jos�e F� Quesada� Maude as a metalanguage�
In Kirchner and Kirchner ������ pages �������� http���www�elsevier�nl�

locate�entcs�volume�	�html�

���� Manuel Clavel� Francisco Dur�an� Steven Eker� Patrick Lincoln� Narciso Mart�!�
Oliet� Jos�e Meseguer� and Jos�e F� Quesada� Maude Speci�cation and
programming in rewriting logic� Manual distributed as documentation of
the Maude system� Computer Science Laboratory� SRI International� http�
��maude�csl�sri�com�manual� January �����

���� Manuel Clavel� Francisco Dur�an� Steven Eker� Patrick Lincoln� Narciso
Mart�!�Oliet� Jos�e Meseguer� and Jos�e F� Quesada� The Maude system�
In P� Narendran and M� Rusinowitch� editors� Rewriting Techniques and
Applications� ��th International Conference� RTA���� Trento� Italy� July ����
����� Proceedings� volume ���� of Lecture Notes in Computer Science� pages
�
���
�� Springer�Verlag� �����

���� Manuel Clavel� Francisco Dur�an� Steven Eker� Patrick Lincoln� Narciso Mart�!�
Oliet� Jos�e Meseguer� and Jos�e F� Quesada� A Maude tutorial� Tutorial
distributed as documentation of the Maude system� Computer Science
Laboratory� SRI International� Presented at the European Joint Conference
on Theory and Practice of Software� ETAPS ����� Berlin� Germany� March
��� ����� http���maude�csl�sri�com�tutorial� March �����

���� Manuel Clavel� Francisco Dur�an� Steven Eker� Patrick Lincoln� Narciso Mart�!�
Oliet� Jos�e Meseguer� and Jos�e F� Quesada� Towards Maude ���� In Futatsugi
������ pages �������� http���www�elsevier�nl�locate�entcs�volume���

html�

���� Manuel Clavel� Francisco Dur�an� Steven Eker� Patrick Lincoln� Narciso Mart�!�
Oliet� Jos�e Meseguer� and Jos�e F� Quesada� Using Maude� In T� Maibaum�
editor� Fundamental Approaches to Software Engineering� Third International
Conference� FASE ����� Held as Part of ETAPS ����� Berlin� Germany�
March�April ����� Proceedings� volume ���� of Lecture Notes in Computer
Science� pages ������
� Springer�Verlag� �����

��
� Manuel Clavel� Francisco Dur�an� Steven Eker� Patrick Lincoln� Narciso Mart�!�
Oliet� Jos�e Meseguer� and Jos�e F� Quesada� Maude Speci�cation and
programming in rewriting logic� Theoretical Computer Science� ����� This
volume�

���� Manuel Clavel� Francisco Dur�an� Steven Eker� and Jos�e Meseguer� Building
equational proving tools by re�ection in rewriting logic� In Futatsugi ������
http���maude�csl�sri�com�papers�

���� Manuel Clavel� Francisco Dur�an� Steven Eker� and Jos�e Meseguer� Design
and implementation of the Cafe prover and the Church�Rosser checker tools�
Technical report� Computer Science Laboratory� SRI International� March
����� http���maude�csl�sri�com�papers�

��



���� Manuel Clavel� Francisco Dur�an� Steven Eker� and Jos�e Meseguer� Building
equational proving tools by re�ection in rewriting logic� In Futatsugi et al�
��
��� pages ����� http���maude�csl�sri�com�papers�

���� Manuel Clavel� Francisco Dur�an� Steven Eker� Jos�e Meseguer� and Mark�
Oliver Stehr� Maude as a formal meta�tool� In J� M� Wing� J� Woodcock�
and J� Davies� editors� FM��� � Formal Methods� World Congress on
Formal Methods in the Development of Computing Systems� Toulouse� France�
September ������ ���� Proceedings� Volume II� volume ���� of Lecture Notes
in Computer Science� pages ���
������ Springer�Verlag� �����

���� Manuel Clavel� Francisco Dur�an� and Narciso Mart�!�Oliet� Polytypic
programming in Maude� In Futatsugi ������ pages �������� http���www�

elsevier�nl�locate�entcs�volume���html�

���� Manuel Clavel� Steven Eker� Patrick Lincoln� and Jos�e Meseguer� Principles of
Maude� In Meseguer ������ pages ������ http���www�elsevier�nl�locate�
entcs�volume
�html�

���� Manuel Clavel and Jos�e Meseguer� Axiomatizing re�ective logics and
languages� In G� Kiczales� editor� Proceedings of Re�ection���� San Francisco�
California� April ����� pages �������� �����

���� Manuel Clavel and Jos�e Meseguer� Re�ection and strategies in rewriting logic�
In Meseguer ������ pages �����
�� http���www�elsevier�nl�locate�entcs�
volume
�html�

���� Manuel Clavel and Jos�e Meseguer� Internal strategies in a re�ective logic� In
B� Gramlich and H� Kirchner� editors� Proceedings of the CADE��� Workshop
on Strategies in Automated Deduction� pages ����� Townsville� Australia� July
�����

��
� Manuel Clavel and Jos�e Meseguer� Re�ection in rewriting logic and its
applications in the Maude language� In Proceedings IMSA���� pages ��������
Information�Technology Promotion Agency� Japan� �����

���� Manuel Clavel and Jos�e Meseguer� Re�ection in conditional rewriting logic�
Theoretical Computer Science� ����� This volume�

���� Andrea Corradini and Fabio Gadducci� CPOmodels for in�nite term rewriting�
In V� S� Alagar and M� Nivat� editors� Algebraic Methodology and Software
Technology� �th International Conference� AMAST��� Montreal� Canada�
July 
��� ���� Proceedings� volume ��� of Lecture Notes in Computer Science�
pages ������
� Springer�Verlag� �����

���� Andrea Corradini� Fabio Gadducci� and Ugo Montanari� Relating two
categorical models of term rewriting� In J� Hsiang� editor� Rewriting
Techniques and Applications� �th International Conference� RTA���
Kaiserslautern� Germany� April ��� ���� Proceedings� volume ��
 of Lecture
Notes in Computer Science� pages �����
�� Springer�Verlag� �����

��



���� Andrea Corradini� Reiko Heckel� and Ugo Montanari� Tile transition systems
as structured coalgebras� In G� Ciobanu and G� Paun� editors� Fundamentals of
Computation Theory� ��th International Symposium� FCT���� Iasi� Romania�
August 
� � September 
� ����� Proceedings� volume ���
 of Lecture Notes in
Computer Science� pages ������ Springer�Verlag� �����

���� Pierpaolo Degano� Fabio Gadducci� and Corrado Priami� A causal semantics
for CCS via rewriting logic� Manuscript� Dipartimento di Informatica�
Universit�a di Pisa� submitted for publication� �����

���� Grit Denker� From rewrite theories to temporal logic theories� In Kirchner and
Kirchner ������ pages ������
� http���www�elsevier�nl�locate�entcs�

volume�	�html�

���� Grit Denker� Jos�e J� Garc�!a�Luna�Aceves� Jos�e Meseguer� Peter Csaba
�Olveczky� Jyoti Raju� Brad Smith� and Carolyn L� Talcott� Speci�cation and
analysis of a reliable broadcasting protocol in Maude� In B� Hajek and R� S�
Sreenivas� editors� Proceedings 
�th Allerton Conference on Communication�
Control and Computation� pages �����
�� University of Illinois� ����� http�

��maude�csl�sri�com�casestudies�rbp�

���� Grit Denker� Jos�e J� Garc�!a�Luna�Aceves� Jos�e Meseguer� Peter Csaba
�Olveczky� Jyoti Raju� Brad Smith� and Carolyn L� Talcott� Specifying
a reliable broadcasting protocol in Maude� Technical report� Computer
Science Laboratory� SRI International� ����� http���www�csl�sri�com�

casestudies�rbp�

���� Grit Denker and Martin Gogolla� Translating TROLL light concepts to Maude�
In H� Ehrig and F� Orejas� editors� Recent Trends in Data Type Speci�cation�
�th Workshop on Speci�cation of Abstract Data Types Joint with the �th
COMPASS Workshop� Caldes de Malavella� Spain� October ����� Selected
Papers� volume ��� of Lecture Notes in Computer Science� pages ��������
Springer�Verlag� ���
�

��
� Grit Denker� Jos�e Meseguer� and Carolyn L� Talcott� Protocol speci�cation
and analysis in Maude� In N� Heintze and J� Wing� editors� Proceedings
of Workshop on Formal Methods and Security Protocols� June �� ���	�
Indianapolis� Indiana� ����� http���www�cs�bell�labs�com�who�nch�fmsp�
index�html�

���� Grit Denker� Jos�e Meseguer� and Carolyn L� Talcott� Formal speci�cation
and analysis of active networks and communication protocols The Maude
experience� In D� Maughan� G� Koob� and S� Saydjari� editors� Proceedings
DARPA Information Survivability Conference and Exposition� DISCEX �����
Hilton Head Island� South Carolina� January ����� ����� pages ��������
IEEE Computer Society Press� ����� http���schafercorp�ballston�com�

discex��

���� Grit Denker� Jos�e Meseguer� and Carolyn L� Talcott� Rewriting semantics of
meta�objects and composable distributed services� In Futatsugi ������ pages

���
��� http���www�elsevier�nl�locate�entcs�volume���html�

��



���� Grit Denker and Jon Millen� CAPSL and CIL language design A
common authentication protocol speci�cation language and its intermediate
language� Technical Report SRI�CSL������� Computer Science Laboratory�
SRI International� ����� http���www�csl�sri�com��denker�pub����html�

���� Grit Denker and Jon Millen� CAPSL intermediate language� In N� Heintze
and E� Clarke� editors� Proceedings of Workshop on Formal Methods and
Security Protocols� FMSP���� July ����� Trento� Italy� ����� http���www�

cs�bell�labs�com�who�nch�fmsp���program�html�

���� Grit Denker and Jon Millen� CAPSL integrated protocol environment�
In D� Maughan� G� Koob� and S� Saydjari� editors� Proceedings DARPA
Information Survivability Conference and Exposition� DISCEX ����� Hilton
Head Island� South Carolina� January ����� ����� pages �������� IEEE
Computer Society Press� ����� http���schafercorp�ballston�com�

discex��

����� Grit Denker and Jon Millen� The CAPSL integrated protocol environment�
Technical Report SRI�CSL��������� Computer Science Laboratory� SRI
International� ����� http���www�csl�sri�com��denker�pub����html�

����� Eric Deplagne� Sequent calculus viewed modulo� In C� Pili�ere� editor�
Proceedings of the Fifth ESSLLI Student Session� pages ������ University
of Birmingham� August ����� http���www�loria�fr�publications���

A�R��	��A�R��	��ps�

����� R$azvan Diaconescu� Behavioural rewriting logic Semantic foundations and
proof theory� Manuscript� submitted for publication� http���ldl�www�jaist�
ac�jp�cafeobj�documents�html� October �����

����� R$azvan Diaconescu� Foundations of behavioural speci�cation in rewriting
logic� In Meseguer ������ pages �����

� http���www�elsevier�nl�locate�
entcs�volume
�html�

���
� R$azvan Diaconescu and Kokichi Futatsugi� CafeOBJ Report� The
Language� Proof Techniques� and Methodologies for Object�Oriented Algebraic
Speci�cation� volume � of AMAST Series in Computing� World Scienti�c�
�����

����� R$azvan Diaconescu and Kokichi Futatsugi� Logical foundations of CafeOBJ�
Theoretical Computer Science� ����� This volume�

����� R$azvan Diaconescu� Kokichi Futatsugi� and Shusaku Iida� Component�
based algebraic speci�cation and veri�cation in CafeOBJ� In J� M� Wing�
J� Woodcock� and J� Davies� editors� FM��� � Formal Methods� World
Congress on Formal Methods in the Development of Computing Systems�
Toulouse� France� September ������ ���� Proceedings� Volume II� volume ����
of Lecture Notes in Computer Science� pages ��

������ Springer�Verlag� �����

����� R$azvan Diaconescu� Kokichi Futatsugi� and Shusaku Iida� CafeOBJ jewels� In
Futatsugi et al� ��
��� pages ������

��



����� R$azvan Diaconescu� Kokichi Futatsugi� Makoto Ishisone� Toshimi Sawada� and
Ataru T� Nakagawa� An overview of CafeOBJ� In Kirchner and Kirchner ������
pages ������ http���www�elsevier�nl�locate�entcs�volume�	�html�

����� Gilles Dowek� Th�er�ese Hardin� and Claude Kirchner� Theorem proving
modulo� Technical Report RR��
��� INRIA� Institut National de Recherche en
Informatique et en Automatique� April ����� ftp���ftp�inria�fr�INRIA�

publication�RR�RR��
�ps�gz�

����� Gilles Dowek� Th�er�ese Hardin� and Claude Kirchner� Higher order uni�cation
via explicit substitutions� Information and Computation� ����� ����������
�����

����� Gilles Dowek� Th�er�ese Hardin� and Claude Kirchner� HOL��� An intentional
�rst�order expression of higher�order logic� Mathematical Structures in
Computer Science� ��������
�� �����

����� Hubert Dubois and H�el�ene Kirchner� Actions and plans in ELAN� In
B� Gramlich and F� Pfenning� editors� Proceedings of the CADE�� Workshop
on Strategies in Automated Deduction� pages ���
�� Lindau� Germany� July
����� Also Technical Report LORIA ���R�����

����� Hubert Dubois and H�el�ene Kirchner� Modelling planning problems with rules
and strategies� Technical Report ���R����� LORIA� Nancy� France� March
����� Poster Session at JFPLC���� Lyon� France� June �����

���
� Hubert Dubois and H�el�ene Kirchner� Objects� rules� and strategies in ELAN�
In Proceedings of the Second AMAST Workshop on Algebraic Methods in
Language Processing� Iowa City� Iowa� USA� �����

����� Hubert Dubois and H�el�ene Kirchner� Rule based programming with
constraints and strategies� In K� R� Apt� A� Kakas� E� Monfroy� and F� Rossi�
editors� New Trends in Constraints� Joint ERCIM�Compulog Net Workshop�
Paphos� Cyprus� October ����� ����� Selected Papers� volume ���� of Lecture
Notes in Arti�cial Intelligence� pages ��
����� Springer�Verlag� �����

����� Francisco Dur�an� A Re�ective Module Algebra with Applications to the Maude
Language� PhD thesis� Universidad de M�alaga� Spain� June ����� http�

��maude�csl�sri�com�papers�

����� Francisco Dur�an� Coherence checker and completion tools for Maude
speci�cations� Manuscript� Computer Science Laboratory� SRI International�
http���maude�csl�sri�com�papers� �����

����� Francisco Dur�an� The extensibility of Maude�s module algebra� In T� Rus�
editor� Algebraic Methodology and Software Technology� 	th International
Conference� AMAST ����� Iowa City� Iowa� USA� May ������ �����
Proceedings� volume ���� of Lecture Notes in Computer Science� pages 
���

��� Springer�Verlag� �����

����� Francisco Dur�an� Termination checker and Knuth�Bendix completion tools for
Maude equational speci�cations� Manuscript� Computer Science Laboratory�
SRI International� http���maude�csl�sri�com�papers� �����

��



����� Francisco Dur�an� Steven Eker� Patrick Lincoln� and Jos�e Meseguer� Principles
of Mobile Maude� In D� Kotz and F� Mattern� editors� Agent Systems� Mobile
Agents� and Applications� Second International Symposium on Agent Systems
and Applications and Fourth International Symposium on Mobile Agents�
ASA�MA ����� Zurich� Switzerland� September �
��� ����� Proceedings�
volume ���� of Lecture Notes in Computer Science� pages ������ Springer�
Verlag� �����

����� Francisco Dur�an and Jos�e Meseguer� An extensible module algebra for Maude�
In Kirchner and Kirchner ������ pages �������� http���www�elsevier�nl�

locate�entcs�volume�	�html�

����� Francisco Dur�an and Jos�e Meseguer� The Maude speci�cation of Full Maude�
Manuscript� Computer Science Laboratory� SRI International� http���maude�
csl�sri�com�papers� February �����

����� Francisco Dur�an and Jos�e Meseguer� Structured theories and institutions�
In M� Hofmann� G� Rosolini� and D� Pavlovi�c� editors� Proceedings of 	th
Conference on Category Theory and Computer Science� Edinburgh� Scotland�
September ����� volume �� of Electronic Notes in Theoretical Computer
Science� pages ������ Elsevier� ����� http���www�elsevier�nl�locate�

entcs�volume���html�

���
� Francisco Dur�an and Jos�e Meseguer� A Church�Rosser checker tool for Maude
equational speci�cations� Manuscript� Computer Science Laboratory� SRI
International� http���maude�csl�sri�com�papers� �����

����� Francisco Dur�an and Jos�e Meseguer� Parameterized theories and views in Full
Maude ���� In Futatsugi ������ pages �������� http���www�elsevier�nl�

locate�entcs�volume���html�

����� Francisco Dur�an and Jos�e Meseguer� Structured theories and institutions�
Manuscript� Computer Science Laboratory� SRI International� submitted for
publication� �����

����� Francisco Dur�an and Jos�e Meseguer� Maude�s module algebra� Theoretical
Computer Science� ����� To appear� http���maude�csl�sri�com�papers�

����� Francisco Dur�an and Antonio Vallecillo� Writing
ODP enterprise speci�cations in Maude� In Proceedings Workshop On Open
Distributed Processing� Enterprise� Computation� Knowledge� Engineering and
Realisation� WOODPECKER ����� Set�ubal� Portugal� July ����� http�

��www�lcc�uma�es��av�Publicaciones���ITI������pdf�

����� Steven Eker� Fast matching in combination of regular equational theories�
In Meseguer ������ pages ������� http���www�elsevier�nl�locate�entcs�

volume
�html�

����� Steven Eker� Term rewriting with operator evaluation strategy� In Kirchner
and Kirchner ������ pages 
����� http���www�elsevier�nl�locate�entcs�

volume�	�html�
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����� Jos�e Luis Fern�andez and Ambrosio Toval� Can intuition become rigorous%
Foundations for UML model veri�cation tools� In F� M� Titsworth� editor�
International Symposium on Software Reliability Engineering� pages �

�����
San Jose� California� October ����� ����� IEEE Press�

����� Jos�e Luis Fern�andez and Ambrosio Toval� Seamless formalizing the UML
semantics through metamodels� In K� Siau and T� Halpin� editors� Uni�ed
Modeling Language� Systems Analysis� Design� and Development Issues� pages
��
��
�� Idea Group Publishing� �����

����� Gianluigi Ferrari and Ugo Montanari� A tile�based coordination view of
asynchronous pi�calculus� In I� Privara and P� Ruzicka� editors� Mathematical
Foundations of Computer Science ����� ��nd International Symposium�
MFCS���� Bratislava� Slovakia� August ����� ����� Proceedings� volume ����
of Lecture Notes in Computer Science� pages ������ Springer�Verlag� �����

���
� Gianluigi Ferrari and Ugo Montanari� Tiles for concurrent and located calculi�
In C� Palamidessi and J� Parrow� editors� Proceedings EXPRESS���� volume �
of Electronic Notes in Theoretical Computer Science� Elsevier� ����� http�

��www�elsevier�nl�locate�entcs�volume��html�

����� Gianluigi Ferrari and Ugo Montanari� Tile formats for located and mobile
systems� Information and Computation� ����� ���������� �����

����� Jos�e Luiz Fiadeiro� Tom Maibaum� Narciso Mart�!�Oliet� Jos�e Meseguer� and
Isabel Pita� Towards a veri�cation logic for rewriting logic� In D� Bert�
C� Choppy� and P� Mosses� editors� Recent Trends in Algebraic Development
Techniques� ��th International Workshop� WADT���� Chateau de Bonas�
France� September ���	� ����� Selected Papers� volume ���� of Lecture Notes
in Computer Science� pages 
���
��� Springer�Verlag� �����

����� Bernd Fischer and Grigore Ro"su� Interpreting abstract interpretations in
membership equational logic� Technical Report RIACS ������ Research
Institute for Advanced Computer Science� May �����

����� Kokichi Futatsugi� editor� Proceedings of the CafeOBJ Symposium ��	�
Numazu� Japan� CafeOBJ Project� April �����

����� Kokichi Futatsugi� editor� Proceedings Third International Workshop on
Rewriting Logic and its Applications� WRLA ����� Kanazawa� Japan�
September �	���� ����� volume �� of Electronic Notes in Theoretical Computer
Science� Elsevier� ����� http���www�elsevier�nl�locate�entcs�volume���
html�

��
�� Kokichi Futatsugi� Joseph A� Goguen� and
Jos�e Meseguer� editors� OBJ�CafeOBJ�Maude Workshop at Formal Methods
���� Formal Speci�cation� Proof� and Applications� Theta� �����

��
�� Kokichi Futatsugi and Ataru T� Nakagawa� An overview of CAFE speci�cation
environment # An algebraic approach for creating� verifying� and maintaining
formal speci�cations over networks� In First International Conference on

�	



Formal Engineering Methods� Hiroshima� Japan� November ����� http�

��ldl�www�jaist�ac�jp�cafeobj�documents�html�

��
�� Kokichi Futatsugi� Ataru T� Nakagawa� and Tetsuo Tamai� editors� Cafe� An
Industrial�Strength Algebraic Formal Method� Elsevier� �����

��
�� Kokichi Futatsugi and Toshimi Sawada� Cafe as an extensible speci�cation
environment� In Proceedings of the Kunming International CASE Symposium�
Kunming� China� November ���
�

��

� Fabio Gadducci� On the Algebraic Approach to Concurrent Term Rewriting�
PhD thesis� Dipartimento di Informatica� Universit�a di Pisa� March �����
Technical Report TD�� ���

��
�� Fabio Gadducci and Ugo Montanari� Enriched categories as models of
computation� In A� De Santis� editor� Proceedings th Italian Conference on
Theoretical Computer Science� Ravello� pages ���
�� World Scienti�c� �����

��
�� Fabio Gadducci and Ugo Montanari� Tiles� rewriting rules� and CCS�
In Meseguer ������ pages ����� http���www�elsevier�nl�locate�entcs�

volume
�html�

��
�� Fabio Gadducci and Ugo Montanari� The tile model� In G� Plotkin� C� Stirling�
and M� Tofte� editors� Proof� Language and Interaction� Essays in Honour
of Robin Milner� The MIT Press� ����� http���www�di�unipi�it��ugo�

festschrift�ps�

��
�� Fabio Gadducci and Ugo Montanari� Comparing logics for rewriting Rewriting
logic� action calculi and tile logic� Theoretical Computer Science� ����� This
volume�

��
�� Thomas Genet� Contraintes d�Ordre et Automates d�Arbres pour les Preuves
de Terminaison� PhD thesis� Universit�e Henri Poincar�e � Nancy I� �����

����� Thomas Genet� Decidable approximations of sets of descendants and sets of
normal forms� In T� Nipkow� editor� Rewriting Techniques and Applications�
�th International Conference� RTA��	� Tsukuba� Japan� March 
��April ��
���	� Proceedings� volume ���� of Lecture Notes in Computer Science� pages
�������� Springer�Verlag� �����

����� Fausto Giunchiglia� The OMRS project State of the art and future
developments� In Kirchner and Kirchner ������ http���www�elsevier�nl�

locate�entcs�volume�	�html�

����� Joseph A� Goguen� Kai Lin� and Grigore Ro"su� Behavioral and coinductive
rewriting� In Futatsugi ������ pages ����� http���www�elsevier�nl�locate�
entcs�volume���html�

����� Juan Carlos Gonz�alez�Moreno� M� Teresa Hortal�a�Gonz�alez� Francisco J�
L�opez�Fraguas� and Mario Rodr�!guez�Artalejo� An approach to declarative
programming based on a rewriting logic� Journal of Logic Programming� 
�
��
��� �����
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���
� Neal A� Harman� Correctness and veri�cation of hardware systems using
Maude� Technical Report ������� Department of Computer Science�
University of Wales Swansea� ����� http���www�compsci�swan�ac�uk�

reports�yr��CSR����pdf�

����� Neal A� Harman� Verifying a simple pipelined microprocessor using Maude�
Technical Report 
������ Department of Computer Science� University of
Wales Swansea� ����� http���www�compsci�swan�ac�uk�reports�yr��

CSR
���pdf�

����� Neal A� Harman� Verifying a microprocessor using Maude� In M� Cerioli�
P� D� Mosses� and G� Reggio� editors� Proceedings WADT�CoFI���� �th
International Workshop on Algebraic Development Techniques and General
Workshop of the CoFI WG� Genova� Italy� April ���� �����

����� Klaus Havelund and Grigore Ro"su� Java PathExplorer # A runtime
veri�cation tool� In Proceedings �th International Symposium on Arti�cial
Intelligence� Robotics and Automation in Space� ISAIRAS���� Montreal�
Canada� June ������ �����

����� Klaus Havelund and Grigore Ro"su� Monitoring Java programs with Java
PathExplorer� In Proceedings First Workshop on Runtime Veri�cation� RV����
Paris� France� July �
� ����� volume �� ��� of Electronic Notes in Theoretical
Computer Science� Elsevier� ����� http���www�elsevier�nl�locate�entcs�
volume		�html�

����� Klaus Havelund and Grigore Ro"su� Monitoring programs using rewriting�
Technical report� Research Institute for Advanced Computer Science� �����

����� Klaus Havelund and Grigore Ro"su� Testing linear temporal logic formulae on
�nite execution traces� Technical Report RIACS ������ Research Institute for
Advanced Computer Science� May �����

����� Hendrik Hilberdink� Foundations for rewriting logic� In Futatsugi ������ pages

����� http���www�elsevier�nl�locate�entcs�volume���html�

����� Shusaku Iida� Michihiro Matsumoto� R$azvan Diaconescu� Kokichi Futatsugi�
and Dorel Lucanu� Concurrent object composition in CafeOBJ� Technical
Report JAIST IS�RR��������S� Japan Advanced Institute of Science and
Technology� ����� http���ldl�www�jaist�ac�jp�cafeobj�documents�
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����� Hiroshi Ishikawa� Kokichi Futatsugi� and Takuo Watanabe� An operational
semantics of GAEA in CafeOBJ� In Futatsugi et al� ��
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and Hideyuki Nakashima� On the semantics of GAEA # An object�
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In Proceedings IMSA���� pages ������� Information�Technology Promotion
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����� Makoto Ishisone and Toshimi Sawada� Brute Brute force rewriting engine� In
Futatsugi ������

����� Jean�Pierre Jouannaud� Membership equational logic� calculus of inductive
constructions� and rewrite logic� In Kirchner and Kirchner ������ pages ����
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����� Claude Kirchner and H�el�ene Kirchner� editors� Proceedings Second
International Workshop on Rewriting Logic and its Applications� WRLA��	�
Pont��a�Mousson� France� September ���� ���	� volume �� of Electronic Notes
in Theoretical Computer Science� Elsevier� ����� http���www�elsevier�nl�
locate�entcs�volume�	�html�

����� Claude Kirchner� H�el�ene Kirchner� and Marian Vittek� Implementing
computational systems with constraints� In P� Kanellakis� J��L� Lassez� and
V� Saraswat� editors� Proceedings First Workshop on Principles and Practice
of Constraint Programming� pages �������� Brown University� Providence� RI�
USA� �����

����� Claude Kirchner� H�el�ene Kirchner� and Marian Vittek� Designing constraint
logic programming languages using computational systems� In V� Saraswat
and P� van Hentenryck� editors� Principles and Practice of Constraint
Programming� The Newport Papers� pages �������� The MIT Press� �����

����� Claude Kirchner and Christophe Ringeissen� Rule�based constraint
programming� Fundamenta Informaticae� �
����������� September �����
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In A� Podelski� editor� Constraint Programming� Basics and Trends� ����
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Selected Papers� volume ��� of Lecture Notes in Computer Science� pages ����
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�� Springer�Verlag� �����

����� H�el�ene Kirchner� Some extensions of rewriting� In H� Comon and J��P�
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Computer Science� Font Romeaux� France� May ������ ���
� Advanced
Course� volume ��� of Lecture Notes in Computer Science� pages �
����
Springer�Verlag� �����

����� H�el�ene Kirchner� ELAN� In F� Fages� editor� JFPLC���� Journ�ees
Francophones de Programmation Logique et Programmation par Constraintes�
pages �
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� H�el�ene Kirchner� Term rewriting� In E� Astesiano� H��J� Kreowski� and
B� Krieg�Br�uckner� editors� Algebraic Foundations of Systems Speci�cation�
IFIP State�of�the�Art Reports� pages �������� Springer�Verlag� �����
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�html�
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Kirchner and Kirchner ������ pages 
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����� Jos�e Meseguer� Rewriting as a uni�ed model of concurrency� Technical Report
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����� Jos�e Meseguer� Rewriting as a uni�ed model of concurrency� In J� C� M� Baeten
and J� W� Klop� editors� CONCUR���� Theories of Concurrency� Uni�cation
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�� of Lecture Notes in Computer Science� pages ��
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Verlag� �����

����� Jos�e Meseguer� Conditional rewriting logic Deduction� models and
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June ������ ����� Proceedings� volume ��� of Lecture Notes in Computer
Science� pages �
���� Springer�Verlag� �����

����� Jos�e Meseguer� Conditional rewriting logic as a uni�ed model of concurrency�
Theoretical Computer Science� ������������ �����

����� Jos�e Meseguer� Multiparadigm logic programming� In H� Kirchner and G� Levi�
editors� Algebraic and Logic Programming� Third International Conference�
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����� Jos�e Meseguer� A logical theory of concurrent objects and its realization in the
Maude language� In G� Agha� P� Wegner� and A� Yonezawa� editors� Research
Directions in Concurrent Object�Oriented Programming� pages ��
����� The
MIT Press� �����

����� Jos�e Meseguer� Solving the inheritance anomaly in concurrent object�oriented
programming� In O� M� Nierstrasz� editor� ECOOP��
 � Object�Oriented
Programming� �th European Conference� Kaiserslautern� Germany� July ���
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� Proceedings� volume ��� of Lecture Notes in Computer Science� pages
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����� Jos�e Meseguer� editor� Proceedings First International Workshop on Rewriting
Logic and its Applications� WRLA���� Asilomar� California� September 
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����� volume 
 of Electronic Notes in Theoretical Computer Science� Elsevier�
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����� Jos�e Meseguer� Rewriting logic as a semantic framework for concurrency
A progress report� In U� Montanari and V� Sassone� editors� CONCUR����
Concurrency Theory� �th International Conference� Pisa� Italy� August ���
��� ����� Proceedings� volume ���� of Lecture Notes in Computer Science�
pages �������� Springer�Verlag� �����

���
� Jos�e Meseguer� Formal interoperability� In Proceedings of the ���	 Conference
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�

����� Jos�e Meseguer� A logical framework for distributed systems and
communication protocols� In S� Budkowski� A� Cavalli� and E� Najm�
editors� Formal Description Techniques and Protocol Speci�cation� Testing
and Veri�cation� FORTE�PSTV��	 IFIP TC� WG��� Joint International
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Communication Protocols �FORTE XI� and Protocol Speci�cation� Testing and
Veri�cation �PSTV XVIII�� November 
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of International Federation for Information Processing� pages �������� Kluwer
Academic Publishers� �����

����� Jos�e Meseguer� Membership algebra as a logical framework for equational
speci�cation� In F� Parisi�Presicce� editor� Recent Trends in Algebraic
Development Techniques� ��th International Workshop� WADT���� Tarquinia�
Italy� June 
��� ����� Selected Papers� volume ���� of Lecture Notes in
Computer Science� pages ������ Springer�Verlag� �����

����� Jos�e Meseguer� Research directions in rewriting logic� In U� Berger and
H� Schwichtenberg� editors� Computational Logic� Proceedings of the NATO
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Computer and Systems Sciences� pages �
������ Springer�Verlag� �����
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Talcott� editors� Proceedings IFIP Conference on Formal Methods for Open
Object�Based Distributed Systems IV� FMOODS ����� September ��	� �����
Stanford� California� USA� pages ������� Kluwer Academic Publishers� �����

����� Jos�e Meseguer� Rewriting logic and Maude Concepts and applications�
In L� Bachmair� editor� Rewriting Techniques and Applications� ��th
International Conference� RTA ����� Norwich� UK� July ������ �����
Proceedings� volume ���� of Lecture Notes in Computer Science� pages �����
Springer�Verlag� �����

����� Jos�e Meseguer� Kokichi Futatsugi� and Timothy Winkler� Using rewriting
logic to specify� program� integrate� and reuse open concurrent systems of
cooperating agents� In Proceedings of the ���� International Symposium on
New Models for Software Architecture� pages ������� Tokyo� Japan� November
����� Research Institute of Software Engineering�

����� Jos�e Meseguer and Narciso Mart�!�Oliet� From abstract data types to logical
frameworks� In E� Astesiano� G� Reggio� and A� Tarlecki� editors� Recent
Trends in Data Type Speci�cation� ��th Workshop on Speci�cation of Abstract
Data Types Joint with the th COMPASS Workshop� S� Margherita� Italy� May

� � June 
� ����� Selected Papers� volume ��� of Lecture Notes in Computer
Science� pages 
����� Springer�Verlag� �����

����� Jos�e Meseguer and Ugo Montanari� Mapping tile logic into rewriting logic� In
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��th International Workshop� WADT���� Tarquinia� Italy� June 
��� �����
Selected Papers� volume ���� of Lecture Notes in Computer Science� pages
������ Springer�Verlag� �����

����� Jos�e Meseguer and Xiaolei Qian� A logical semantics for object�oriented
databases� In P� Buneman and S� Jajodia� editors� Proceedings International
SIGMOD Conference on Management of Data� pages ������ ACM� �����
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� Jos�e Meseguer� Mark�Oliver Stehr� and Carolyn L� Talcott� Specifying the
PLAN language in Maude� ����� Slides available at http���www�formal�
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����� Jos�e Meseguer and Carolyn L� Talcott� Using rewriting logic to interoperate
architectural description languages �I and II�� Lectures at the Santa Fe
and Seattle DARPA�EDCS Workshops� March and July ����� http���
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����� Jos�e Meseguer and Carolyn L� Talcott� Mapping OMRS to rewriting logic�
In Kirchner and Kirchner ������ pages �
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����� Jos�e Meseguer and Carolyn L� Talcott� A partial order event model
for concurrent objects� In J� C� M� Baeten and S� Mauw� editors�
CONCUR���� Concurrency Theory� ��th International Conference Eindhoven�
The Netherlands� August ������ ����� Proceedings� volume ���
 of Lecture
Notes in Computer Science� pages 
���
��� Springer�Verlag� �����
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����� Jos�e Meseguer and Timothy Winkler� Parallel programming in Maude� In
J��P� Ban'atre and D� Le M�etayer� editors� Research Directions in High�level
Parallel Programming Languages� Mont Saint�Michel� France� June ������
����� Proceedings� volume ��
 of Lecture Notes in Computer Science� pages
�������� Springer�Verlag� �����

����� Jon Millen� Applications of term rewriting to cryptographic protocol analysis�
In Futatsugi ������ pages ������
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�� Hiroyuki Miyoshi� Modelling conditional rewriting logic in structured
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�� Ugo Montanari and Carolyn L� Talcott� Can actors and pi�agents live together%
In A� D� Gordon� A� M� Pitts� and C� L� Talcott� editors� Proceedings Second
Workshop on Higher�Order Operational Techniques in Semantics� HOOTS��	�
volume �� of Electronic Notes in Theoretical Computer Science� Elsevier� �����

��
�� Pierre�Etienne Moreau� A choice�point library for backtrack programming� In
JICSLP��	 Post�Conference Workshop on Implementation Technologies for
Programming Languages based on Logic� June �����

��
�� Pierre�Etienne Moreau� Compilation de R�egles de R�e�ecriture et de Strat�egies
Non�D�eterministes� PhD thesis� Universit�e Henri Poincar�e � Nancy I� June
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� Pierre�Etienne Moreau and H�el�ene Kirchner� Compilation of associative�
commutative normalisation with strategies in ELAN �full version�� Technical
Report ���R����� LORIA� Nancy� France� �����
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�� Pierre�Etienne Moreau and H�el�ene Kirchner� Compilation techniques for
associative�commutative normalisation� In M� P� A� Sellink� editor� Second
International Workshop on the Theory and Practice of Algebraic Speci�cations�
Amsterdam� The Netherlands� September ����� ����� Electronic Workshops
in Computing� Springer�Verlag� ����� http���www�ewic�org�uk�ewic�

workshop�view�cfm�ASFSDF����
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�� Pierre�Etienne Moreau and H�el�ene Kirchner� A compiler for rewrite programs
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K� Meinke� editors� Principles of Declarative Programming� ��th International
Symposium� PLIP��	 Held Jointly with the �th Conference ALP��	� Pisa�
Italy� September ����	� ���	� Proceedings� volume �
�� of Lecture Notes in
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�� Springer�Verlag� �����
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�� Peter D� Mosses� Semantics� modularity� and rewriting logic� In Kirchner and
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Notes in Computer Science� pages ���
�� Springer�Verlag� �����
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Manuscript� ENST� Paris� France� ���
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����� Elie Najm and Jean�Bernard Stefani� A formal semantics for the ODP
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����� Elie Najm and Jean�Bernard Stefani� Computational models for open
distributed systems� In H� Bowman and J� Derrick� editors� Proceedings
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