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Overview

The years 2007 and 2008 have been extremely dynamic ané deéiist and foremost,
we successfully acquired a project funded by the Europeanespgency (ESA) which
is aimed at system software co-engineering and focusesearothbination of perfor-
mance and verification, an active research field at our cAaih the Italian research
institute FBK and the French company Thales Alenia Spacehawve two years to
convince ESA that formal methods are pivotal to model andyaeaoth correctness
and efficiency aspects of aerospace systems. A true andstiteg challenge indeed.
Several students are actively participating in this priojec

Since the beginning of 2008, we are also involved in the EJegotoQuasimodo
that focuses on quantitative aspects of embedded systssoesl like resource usage,
uncertainty, response times, and so forth, are centralsptbject. It covers modeling
formalisms, model checking techniques, as well as fornsairtg techniques to assess
and model these aspects at various levels of the softwardagexdent process. The
project is led by Aalborg University (Kim G. Larsen), andahves besides six acade-
mic partners three industrial partners that contributé wétse studies to be tackled. A
wonderful testbed to apply formal methods in practice!

Due to these projects, as well as our participation in theeReh Training Group
ALGOSYN and the excellence cluster UMIC, several new regeas joined our chair:
Jonathan Heinen, Alexandru Mereacre, Viet Yen Nguyen, axidiffue. lvan Zapreev
successfully defended his dissertation in March 2007 ame¢bthe group of Jan van
Schuppen (hybrid systems) at CWI, Amsterdam.

What else? Too much to all be mentioned. Let's pick some ofhilgalights. New
courses have been set up, such as Testing of Reactive Systhare the focus is on
formal methods towards system testing, and FoundationseoUML, a course that
attempts to pinpoint at semantical and analysis issuestations such as sequence
diagrams, statecharts and the OCL. The book “Principlesad@Checking”, a joint
(and longlasting) project with Christel Baier (TU Dresdevgs completed and has
been published by MIT Press. We were involved in the orgdioizaf several events,
such as the Workshop on Automata and Logics (WAL'07) in 2@0vVevent that was
organized as a birthday salute to colleague Wolfgang Thandghat attracted more
than 160 participants, a Dagstuhl seminar on quantitatiethads for embedded sy-
stems (organized together with colleagues Boudewijn Have(Twente) and Lothat
Thiele (ETH Zurich)), a Quasimodo Workshop in Aachen, anaeehtz Centre (Lei-
den) Workshop on the Validation of Stochastic Systems withathan 50 participants.
Last, but definitely not at least, | mention the enormous petidity of the researchers
at the chair. Various high-quality papers have been pratiuered important advances
have been achieved, both in theory as well as in tool devetopnit’'s a real pleasure
and very stimulating to work with such an active and talemézain!

3



At the time of reading of this annual report, the chair hasnbedended with a ju-
nior professorship on the topic of “Theory of Hybrid Systépen important field
of research on the edge of mathematics, computer sciendeyagious engineering
disciplines. This position has been financed by the exocedlémtiative of the DFG and
is occupied since October 2008 by Prof. Dr. Eridaraham (formerly at the Research
Centre at Julich). We warmly welcome Erika and are lookirrgverd to a prosperous
cooperation.

Joost-Pieter Katoen.



Research Projects

Smyle Modeling Approach
J.-P. Katoen, C. Kern, B. Bollig (ENS Cachan, F), M. LeucKey (Munich)

(partially funded by the DAAD PROCOPE 2008 project)

The Smyle Modeling Approach (SMA) is a model-based softwieelopment me-
thodology which is centered around Smyle, a dedicated ileguprocedure to support
engineers to interactively obtain design models from negments, characterized as
either being desired (positive) or unwanted (negativedesgbehavior. The learning
approach is complemented by scenario patterns where theeengan specify clearly
desired or unwanted behavior. This way, user interactioadsiced to the interesting
scenarios limiting the design effort considerably. In SMi#e learning phase is com-
plemented by an effective analysis phase that allows faratieg design flaws at an
early design stage.

Learning Residual Finite-State Automata

J.-P. Katoen, C. Kern, B. Bollig (ENS Cachan, F),
P. Habermehl (ENS Cachan, Univ. Paris 7, F), M. Leucker (TUnhM)

(partially funded by the DAAD PROCOPE 2008 project)

The class of residual finite-state automata (RFSA) is a agbabf non-deterministic
finite automata (NFA). It was shown by Denis et al. that forregggular language a
unique RFSA (a so-called canonical RFSA) can be determire@dnamay be expo-
nentially more succinct than the corresponding minimadetnistic finite automaton
(DFA) for this language. Together with the LSV (ENS Cachangl ghe Technical
University Munich, we developed a learning algorithm fofeming RFSA. It is an
incremental learning algorithm and closely related to Angs learning algorithm L*
for DFA. As we employ non-determinicity our approach alldeslearning compact
representations of regular languages. Many fields of agipbic are available where
the need for compact representations is by far more impiottian the determinicity
of the model. Moreover, we developed a first prototype thgi@ments our learning
approach and showed its functionality in several smal-sizamples. However, larger
size case studies are left for future work.
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QUPES: Verification of Quantitative Properties
of Embedded Software

T. Han, J.-P. Katoen, M. Ned@lRRer

(funded by the NWO)

Embedded software typically executes on devices that, dingt foremost, are not
personal computers. Due to its embedded nature, its radmssis of prime importance,
and timely reactions to stimuli from its — mostly physicalrvigEonment are essential.
The aim of the QUPES project is to assess these quantitapexts (e.g., timeliness
and robustness) as an integral part of the embedded softafdation phase.

To accomplish this, probabilistic model-checking teclueigican be applied for models
that are equipped with randomness and variants thereohvetso exhibit nondeter-
minism. Based on efficient numerical methods and abstrattichniques, quantitative
properties can be checked automatically even on large spatee with millions of
states using dedicated tools. Oppose to, amongst otherssdential feature of model
checking, where evidences will be provided on a propertytation, counterexamples
generation in probabilistic model checking is almost noteli@ped. We provide the
theoretical and algorithmic foundations for counterexkngeneration in probabilistic
model checking, in particular for discrete-time Markov icisaOne of the key princip-
les is the casting of the concepts of strongest evidence matlest counterexample
as (variants of) shortest path problems. This enabled theotigfficient and well-
studied graph algorithms for counterexample generatibasé results can be extended
to Markov chains with rewards, to Markov decision proceg¢b#3Ps), to LTL model
checking, and have been recently been adopted in prokadsisinterexample-guided
abstraction-refinement (CEGAR) techniques for MDPs as agih counterexample
generation for continuous-time Markov chains (CTMC) an€<Th logic. Compact
representation of a counterexample by regular expresai@lso studied.

Further, compositional reasoning is a key strategy in aadycomplex systems as it
allows the use of hierarchical and modular modeling forema$ like stochastic process
algebras, stochastic activity networks or generalizedststic Petri nets. Continuous-
time Markov Decision processes (CTMDPSs) are the nondetestic counterpart of
the aforementioned CTMCs and are well suited for compasaligerification techni-
gues. We define stochastic logics (like CSL) on CTMDPs angigectheir measure-
theoretic basis. Further, well-known equivalences likersg and weak bisimulation
relations are adapted to CTMDPs which considerably redoeestate-space needed
for quantitative analysis.



Dependable Global Computing

J.-P. Katoen, R. De Nicola (Univ. Florence, I), D. LatellaNR-ISTI, 1),
M. Loreti (Univ. Florence, 1), M. Massink (CNR-ISTI, I)

(funded by the DAAD and CNR-ISTI)

Due to their enormous size —networks typically consist auands or even mil-
lions of nodes— and their strong reliance on mobility aneiattion, performance
and dependability issues are of utmost importance for “atvaware computing”.
Spontaneous computer crashes may easily lead to failuenadte execution or pro-
cess movement, while spurious network hick ups may causedisode fragments
or unpredictable delays. The enormous magnitude of comgukevices involved in
global computing yields failure rates that no longer can drered. The presence
of such random phenomena implies that correctness of glodraputing software
and their privacy guarantees are no longer rigid notions: lileither it is safe or
it is not” but have a less absolute nature, e.g.: “in 99.7%hef ¢ases, privacy can
be ensured”. The intrinsic complexity of global computehgugh, complicates the
assessment of these issues severely. Systematic metholsjques and tools, all
based on solid mathematical foundations i.e., formal naghare therefore needed
to establish performance and dependability requiremerdgaarantees.

This project attempts to make a considerable step into ihestibn by extending a
successful programming and specification formalism fobgl@omputing, KLAIM,
with random delays, and by developing a novel stochastitiadgamporal logic as
property specification language for performance and degd@hiy guarantees.

MC=MC: Model Checking Infinite-State Markov Chains

J.-P. Katoen, |.S. Zapreev, B. Haverkort (Univ. Twente,,NL)
A. Remke (Univ. Twente, NL)

(funded by the NWO)

Model-based performance evaluation aims at forecastisigsybehaviour in a quanti-
tative way, starting from an abstract system model. Dued@ter-increasing size and
complexity of modern computer and communication systeragopnance models
that are directly amenable for a numerical solution arenoffenerated from high-
level modelling languages, based, e.g., on stochastic el or stochastic process
algebras. For a significant class of systems, these modelst to be infinite state,

7



and need to be analysed by specific techniques, such as fgatmetric methods.

Recently, extensions to temporal logics have been dewelapease the specification
of important measures-of-interest (like reponse timetheprobability to reach dead-
lines) over performance models, and logic-based veriboagilgorithms have been
integrated with numerical means to automatically checkehgroperties. This novel
approach is, however, still restricted to finite-state eryst.

This project aims to establish a cross-fertilization betw@) performance evaluation
techniques for infinite-state systems and (ii) logic-basextiel-checking algorithms
for Markov chains. The goal is to develop algorithms and dqiype software tool
for the specification and automated evaluation of perfocaaneasures for infinite-
state Markov chains, and to apply these to case studies aalistic complexity. In
particular, Markov chains with a regular structure will In@astigated (Jackson QNs
and Quasi-Birth-Death processes), and discrete eventaiom techniques will be
developed for model checking. These techniques are rdaiizéhe model checker
MRMC.

System and Software Co-Engineering: Performance and
Verification

A joint project together with the groups of Alessandro Citin@ondazione Bruno
Kessler, Centre for Scientific and Technological Resedrn@nto, Italy), and Xavier|
Olive (Thales Alenia Space, On Board Software Departmearin€s, France)

(This project is funded by the European Space Agency, ESA)

We develop a model-based approach to system-softwareginesming which is tai-
lored to the specific characteristics of critical on-boarstems for the space domain.
The approach is supported by a System-Level Integrated NhgdeSLIM) Language
in which engineers are provided with convenient ways to i§p@co. nominal hard-
ware, as well as software operations, (probabilistic)tfaahd their propagation, error
recovery and degraded modes of operation. This languag®mby based on AADL
and its error annex which allows for the modeling of errordabr. A kernel of the
SLIM language is equipped with a formal semantics that plesithe interpretation of
SLIM specifications in a precise and unambiguous manneteByssare considered as
a hierarchy of (hardware and software) components wher@ooents are defined by
their type (interface) and implementation. Componentsroomicate via ports allowi-
ng for message and continuous communication. The intetnegtare of a component
implementation is specified by its decomposition into suiygonents, together with
their HW/SW bindings and their interaction via connectiaver ports. Component
behavior is described by a textual description of modesiteom diagrams. System
reconfiguration is supported by mode-dependent preserstdbobmponents and their
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connections. Error behaviour is described by probalilistite state machines, where
error delays may be governed by continuous random variables

Correctness properties, safety guarantees, and perfoaraard dependability requi-
rements are specified using requirement specificationrpatteghich act as parame-
terized “templates” to the engineers and thus offer a cohgrsible and easy-to-use
framework for requirement specification.

The properties are checked on the SLIM specification usingdbanalysis techniques
such as model checking and probabilistic variants thefBoé. precise character of
these techniques and the SLIM semantics yield a trustwartbgleling and analysis
framework for system and software engineers. The formdlaisais based on state-
of-the-art model checking techniques such as bounded $a&eand symbolic model
checking, and extensions of model checking with numerindl gimulative means to
reason about quantitative requirements such as perfoemnamd dependability. The
analysis facilities support, among others: automatedsatoin of dynamic (i.e., ran-
domly timed) fault trees, FMEA tables, assessment of FDiid,automated derivation
of observability requirements.

The realization of an integrated platform tool set is cutlennder development.
Evaluation of this novel approach to system-software agirezering will take place by
means of selected case studies representing critical ardlcomputer-based systems.

Verifying Pointer Programs with Unbounded Heap Structures
J. Heinen, J.-P. Katoen, Th. Noll, S. Rieger

The incorrect use of pointers is one of the most common sewtsoftware errors.
This especially applies to concurrent systems whose nendetistic behavior rises
additional challenges. Proving the correctness of corotipointer-manipulating pro-
grams with unbounded heap, let alone algorithmically, igjally non-trivial task. This
project attempts to develop automated verification teaklesgqand accompanying tool
support for concurrent programs with dynamic thread coeand memory allocation
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that handle linked data structures which are potentiallyowmded in their size. More
concretely, two issues are addressed:

In a first phase, we concentrated on (possibly cyclic) siliglked list data structures.
We allow to express correctness properties of programs impoong a simple pointer
logic for specifying heap properties with linear-time (UTaperators for reasoning
about system executions. To obtain a finitary represemtatidhe system, we deve-
loped a technique which abstracts from non-interruptedistisbn the heap, resulting
in a finite-state representation of the data space. In a desdastraction step, using an
intermediate Petri-net representation, we also derivatefatate representation of the
control flow, which then allows us to employ standard LTL mladeecking techniques.
Thus our approach stays within the realm of traditionale@nrtime) model checking.
This facilitates the usage of standard model checkers faratang temporal properties
addressing absence of memory leaks, dereferencing of oinligsys, dynamic creation
of cells, and simple and position-dependent aliasing.

Next we extended our approach to analyze programs thatdamalie complex dyna-
mic data structures. We developed a novel abstraction fremkethat employs graph
grammars, more precisely context-free hyperedge replacegrammars, as an in-
tuitive formalism for abstractly modeling dynamic dataustures. The key idea is
to use the replacement operations which are induced by #margar rules in two
directions. By abackwardapplication of some rule, a subgraph of the heap can be
condensed into a single nonterminal edge, thus obtainirapatractionof the heap.

By applying rules inforward direction, certain parts of the heap which have been
abstracted before can loencretizedagain, which avoids the necessity for explicitly
defining the effect of pointer-manipulating operations beteacted parts of the heap.
Altogether this method again allows to extend finite-staggfication techniques to
handle pointer-manipulating programs operating on corgy@mamic data structures
that are potentially unbounded in their size. We demoredr&iiow our framework
can be employed for analysis and verification purposes hingits instantiation for
binary trees, and by applying this instantiation to the wealbwn Deutsch-Schorr-
Waite traversal algorithm. Our approach is supported bysopype tool, enabling the
quick verification of essential properties such as heapri@nts, completeness, and
termination.

Equational Abstractions for Software Model Checking
M. Neulaul3er, Th. Noll, L. Hal3, P. Tawiah

The combinatorial explosion of state spaces is the bigdwedienge in applying model-
checking methods to concurrent systems. The goal of thiggris to develop a new
state-space reduction technique that is tailored to sysguifications irRewriting
Logic, a unified semantic framework for concurrency which is baseadonditional
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term rewriting modulo equational theories. The idea is tetfunimportant” details of
the system’s behavior (such as internal computationsgetuations, and to represent
only “interesting” state changes (such as communicati@naions) by explicit transi-
tions. Our results show that this optimization can be im@eted by transforming the
Rewriting Logic specification, avoiding the intermediatastruction of the full state
space. The correctness of our technique can be establiglprd\bng that the original
and the reduced system are weakly bisimilar.

The usability of this approach was demonstrated by applyting the concurrent

functional programming language Erlang, which is desigioedmplementing open,

distributed telecommunication software. The inherentglexity and nondeterminacy
of such systems impedes the use of validation methods wheelpaely based on

testing. Therefore we developed a formalization of thigyleage in the Rewriting

Logic framework, employing equations for defining absi@timappings on the state
space of the system. This specification was implementectiM#audesystem, and its

model checker was employed to verify simple system progerti

Formal Models of Microcontroller Systems
Th. Noll, G. Herberich, B. Schlich, C. Weise

Embedded systems usually operate in uncertain envirorsngiving rise to a high
degree of nondeterminism in the corresponding formal nsodEhis, together with
other effects, leads to the well-knowstate explosion problemmeaning that the models
of those systems grow exponentially in size as the numbeowiponents increases.
Careful handling of nondeterminism is therefore crucial dbtaining efficient tools
for analysis and verification.

The goal of this project, carried out in close cooperatiothwhe Embedded Software
Laboratory of our department, is to develop formal compotamodels and state-
space reduction techniques to tackle this problem. A firgir@gch was taken by
defining a general automata-based model for microcontspligking into account both
the hardware, the software, and the environment of the systhis model was used
to prove the correctness of a particular abstraction mettalteddelayed nondeter-
minism which resolves nondeterministic behavior only if and whieis is required
by the application code. More concretely, a simulationtretabetween the concrete
and the abstract state space was established, thus shdwisgundness of delayed
nondeterminism with respect to “path-universal” verifioatiogics such as ACTL and
LTL.

Current efforts concentrate on extending the model to clowvérer abstraction techni-
gues, and on the implementation of a tool component whicbraatically produces a
state-space generator from the given microcontroller thode
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Quasimodo
H. Bohnenkamp, J.-P. Katoen, D. Klink, H. Yue

Embedded systems are hidden computer components of mamgesl@nd applian-
ces used in daily life: washing machines, air conditioneass, and GPS navigation
systems, to name only a few. Embedded systems are highlylermphich poses
a challenge for their design and implementation. In paldigisuch systems have to
meet a multitude of quantitative constraints, such as avlalcomputation resources,
power consumption, memory usage, communication bandyadtival rates, timing
constraints, QoS, availability, fault tolerance, etc.

Since January 2008, the MOVES group participates in the gg&o research project
“Quasimodo”, funded by the European Commission under tAeft&nework pro-
gramme 7 for Information and Communication Technology,.ICT

The objective of the Quasimodo project is to develop theeghniques and tool com-
ponents for handling quantitative (e.g. real-time, hylamdl stochastic) constraints in
model-driven development of real-time embedded systeftimate aim is to increase
the competitiveness of European industrial companiesiwiévelop, implement and
deploy embedded systems.

More specifically, the project aims are:

1. Improving the modelling of diverse quantitative asp@étsmbedded systems.

2. Providing a wide range of powerful techniques for analgsnodels with quan-
titative information and for establishing abstractiorateEns between them.

3. Generating predictable code from quantitative models.

4. Improving the overall quality of testing by using suitlguantitative models as
the basis for generating sound and correct test cases.

5. Applying the techniques to real-life case-studies asdatninating the results to
industry.

Project partners are universities, research institutes campanies in Germany, The
Netherlands, Denmark, Belgium, and France.

The MOVES Group is currently working on a case-study for aseemetwork gossi-
ping protocol, which is posed by one of the industrial partne
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Model-Based Testing
H. Bohnenkamp, E. Brinksma (ESI, NL), M. Stoelinga (Uni TeyeXL)

Testing is one of the most natural, intuitive and effectivetimods to increase the
reliability of software. Formal methods have been emplaygednalyse and systema-
tise the testing idea in general, and to define notions oectmess of implementati-

ons w.r.t. specifications in particular. The ioco testingaity reasons about black-box
conformance testing of software components. The testgaseration and execution
algorithms of ioco have been implemented in TorX, a testow tleveloped at the

University of Twente.

We work on two topics in this area.

1. An extension to TorX to allow testing of real-time propest real-time testing.
Real-time testing means that the decisions whether an mei&ation under
test has passed or failed a test is not only based on whicluisugpe observed,
given a certain sequence of inputs, but also on when the tsugmgur, given a
certain sequence of inputs applied at predefined times. Wasisput models
non-deterministic safety timed automata.

2. In timed testing, reaching a verdict depends on time nreasents. The im-
precision of measurements can lead to false positives fdéstalthough the
implmenation behaved correctly). We work on an extensiotnefioco theory,
where the verdicts are not binary (pass/fail) but of a quainte nature: it is
measured how close to the specified behaviour the impleti@mtaehaves.

The MoDeST Tool Environment

H. Bohnenkamp, J.-P. Katoen, H. Hermanns (Uni Saarland)

The specification language MoDeST covers a wide spectrumoaletting concepts,
ranging from plain labelled transition systems to stodbaststems like Generalised
Semi-Markov Decision Processes. MoDeST possesses a pigidess-algebra style
semantics, and yet provides modern and flexible specifitatomstructs. MoDeST
specifications constitute a coherent starting-point tdyseadistinct system characte-
ristics with various techniques, e.g., model checking &eas functional correctness
and discrete-event simulation to establish the systergbikty. Analysis results thus
refer to thesamesystem specification, rather than to different (and poadigtincom-
patible) specifications of system perspectives like in thLU
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The tool MOTOR (MoDeST Tool enviRonment) is aimed to provide the means to
analyse and evaluate MoDeST specifications. The tool isesrinh the C++ program-
ming language. The tool provides (i) interfacing capale#ifor connection to existing
tools for specific projected models, and (ii) also means faramcement byative
algorithms for analysis of (classes) of MoDeST specificatidn earlier workMOTOR

has been connected toOBIUS, a performance evaluation tool suite that has been de-
veloped at the University of lllinois at Urbana-Champaig®. The MoDeST/Mobius
tandem is currently used and constantly improved in the Qwado project case-
studies.
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Other Activities

J.-P. Katoen

Member of the Steering Committee of ETAPS (European Jointf&o
rences on Theory and Practice of Software).

Member of the Steering Committee of QEST (Quantitative &atbn of
Systems).

Board Member of the Dutch Society on Theoretical Computaer®e
(NVTI).

Member of the Program Committee of the following events: MRS
08, SSV 08, DSN 08, QEST 07, SAVCBS 07, PERFORMANCE 07, Verify
07, DSN 07.

Invited speaker at:
— Summerschool GLOBAN 08, Warsaw, September 2008
— |IEEE/IFIP Symposium TASE 08, Nanjing, June 2008
— International Conference FORMATS 07, Salzburg, Octob&720
— ARTIST2 Winterschool MOTIVES 07, Trento, March 2007
Member of the IFIP Working Group 1.8 on Concurrency Theory.

Member of the EPSRC Review College (Engineering and PhiySaances
Research Council), UK.

Co-organizer of the Lorentz Workshop on Validation of Swasfic Sy-
stems, Leiden, The Netherlands, November 2007.

Organizer of the Workshop on Automata and Logics (WAL 208&xhen,
Germany, December 2007.

Co-organizer of the Dagstuhl Seminar on Quantitative AspetEmbed-
ded Systems, Schloss Dagstuhl, Wadern, Germany, March 2007

Member of several external PhD committees.

Th. Noll

Organizer of the 7th Workshop on Language DescriptionslsTaad App-
lications (ETAPS/LDTA 2007)

Program committee member of the Software Engineering Taathe 23rd
Annual ACM Symposium on Applied Computing (SAC 2008)

Program committee member of the 2nd International Worksimigarnes-
sing Theories for Tool Support in Software (TTSS 2008)

Program committee member of the 2nd IEEE International &enice on
Secure System Integration and Reliability ImprovementRE3008)
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e Member of the examination boards for Computer Science amdpDta-
tional Material Science

e Student advisor for the following applied subjects withi6:(Electrical
Engineering, Civil Engineering, and Medicine

¢ Organization of teaching service of CS Department (httpvi-i2.informatik.rwth-
aachen.de/Teaching/Service/)

Talks and Publications

Talks

Henrik BohnenkampMotor: The Modest Tool EnviRonmerftalk, VOSS 2 Meeting,
Leiden, Nov. 2007. Workshop presentation.

Henrik BohnenkampQuantitative Testinglalk, German Chapter Concur, March 2008.

Henrik BohnenkampQuantitative Testinglalk, Quasimodo Workgroup Meeting, Aa-
chen, June 2008. Workshop presentation.

Tingting Han: Counterexample generation in probabilistic model chegkibheory
and practiceTalk, QUASIMODO Kick-Off Meeting (Aalborg, Denmark), Ja2008.

Tingting Han: Counterexamples in probabilistic model checkifigik, TACAS 2007
(Braga, Portugal), March 2007.

Tingting Han:Counterexamples in probabilistic model checkifak at the University
of Birmingham (UK), March 2007.

Tingting Han:Providing evidence of likely being on time Counterexamaegration
for CTMC model checkingTalk, VOSS 2 workshop (Dresden, Germany), Feb. 2007.

Tingting Han:Providing evidence of likely being on time Counterexammagration
for CTMC model checkingTalk, ATVAO7 (Tokyo, Japan), Oct. 2007.

Tingting Han: Time-abstracting bisimulation for probabilistic timedtamnata, Talk,
TASE'08 (Nanjing, China), June 2008.

Jonathan HeinerGraph Grammar Abstraction for Complex Dynamic Data Stmestu
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