
 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/97598 holds various files of this Leiden University 
dissertation. 
 
Author: Serbânescu, V. 
Title: Software development by abstract behavioural specification 
Issue Date: 2020-06-10 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/97598
https://openaccess.leidenuniv.nl/handle/1887/1�


Acknowledgements

I would like to dedicate this book to my family for which I continue the legacy of having a PhD with my
parents sharing three between them, and my brother pursuing this goal as well. They are my role-models
of love, hard work, professionalism and support. I want to dedicate it to my grandparents who have started
this family legacy and I feel are watching over me all day long and keeping me safe in all situations and
close calls I went through life. I want to thank all my family members that spread over four generations
from my grandfather’s sister, my aunt and uncle and their family, my sister-in-law and her family, my
cousins and the youngest generation, my four wonderful nieces and nephews. I want to thank all of the
friends I made and have throughout this world that were at one point part of this amazing journey. They
include professors, mentors, colleagues and student alumni as I consider them all friends for life. Finally I
want to dedicate this book to my friend Arya who has been by my side two years of this amazing journey
before passing away.

107



Curiculum Vitae

Experience
• 1 May 2020-present Senior Full Stack Engineer ING

• 1 October 2018 - 30 April 2020 Software Engineer bGrid

• 1 October 2013 - 30 September 2018 PhD in Computer ScienceCentrumWiskunde en Informatica
(CWI) and Leiden Advanced Institute of Computer Science (LIACS).

Education
• 2011-2013 Master of Science in Parallel and Distributed Computer Systems University Po-

litehnica of Bucharest - first year, Vrije University of Amsterdam - second year

• 2007-2011 Bachelor of Science in Computers University Politehnica of Bucharest, Romania

108



Bibliography

[AAFM+14] Elvira Albert, Puri Arenas, Antonio Flores-Montoya, Samir Genaim, Miguel Gómez-
Zamalloa, Enrique Martin-Martin, Germán Puebla, and Guillermo Román-Díez. Saco:
Static analyzer for concurrent objects. In TACAS, volume 14, pages 562–567, 2014.

[ABdBMM16] Elvira Albert, Nikolaos Bezirgiannis, Frank de Boer, and Enrique Martin-Martin. A
formal, resource consumption-preserving translation of actors to haskell. arXiv preprint
arXiv:1608.02896, 2016.

[absa] http://docs.abs-models.org/.
[absb] https://abs-models.org/manual/.
[absc] https://github.com/abstools/abstools.
[AdBdV18] Keyvan Azadbakht, Frank S. de Boer, and Erik de Vink. Deadlock detection for actor-

based coroutines. In Klaus Havelund, Jan Peleska, Bill Roscoe, and Erik de Vink, editors,
Formal Methods, pages 39–54, Cham, 2018. Springer International Publishing.

[AdBH+13] Elvira Albert, Frank de Boer, Reiner Hähnle, Einar Broch Johnsen, and Cosimo Laneve.
Engineering virtualized services. In Proceedings of the Second Nordic Symposium on
Cloud Computing & Internet Technologies, pages 59–63. ACM, 2013.

[AdBH+14] Elvira Albert, Frank S. de Boer, Reiner Hähnle, Einar Broch Johnsen, Rudolf Schlatte,
Silvia Lizeth Tapia Tarifa, and Peter Y. H. Wong. Formal modeling and analysis of
resource management for cloud architectures: an industrial case study using real-time
ABS. Service Oriented Computing and Applications, 8(4):323–339, 2014.

[AdBS16] Keyvan Azadbakht, Frank S. de Boer, and Vlad Serbanescu. Multi-threaded actors. In
Proceedings 9th Interaction and Concurrency Experience, ICE 2016, Heraklion, Greece,
8-9 June 2016., pages 51–66, 2016.

[Agh85] Gul A Agha. Actors: A model of concurrent computation in distributed systems. Techni-
cal report, MASSACHUSETTS INST OF TECH CAMBRIDGE ARTIFICIAL INTEL-
LIGENCE LAB, 1985.

[ASdB15] Keyvan Azadbakht, Vlad Serbanescu, and Frank de Boer. High performance computing
applications using parallel data processing units. In Mehdi Dastani and Marjan Sirjani,
editors, Fundamentals of Software Engineering, pages 191–206, Cham, 2015. Springer
International Publishing.

[AVWW93] Joe Armstrong, Robert Virding, Claes Wikström, and Mike Williams. Concurrent
programming in erlang. 1993.

109

http://docs.abs-models.org/
https://abs-models.org/manual/
https://github.com/abstools/abstools


[BBVB+01] Kent Beck, Mike Beedle, Arie Van Bennekum, Alistair Cockburn, Ward Cunningham,
Martin Fowler, James Grenning, Jim Highsmith, Andrew Hunt, Ron Jeffries, et al. Mani-
festo for agile software development. 2001.

[BCC+06] Raphaël Bolze, Franck Cappello, Eddy Caron, Michel Daydé, Frédéric Desprez, Em-
manuel Jeannot, Yvon Jégou, Stephane Lanteri, Julien Leduc, Noredine Melab, et al.
Grid’5000: A large scale and highly reconfigurable experimental grid testbed. The
International Journal of High Performance Computing Applications, 20(4):481–494,
2006.

[BdB16] Nikolaos Bezirgiannis and Frank de Boer. Abs: a high-level modeling language for
cloud-aware programming. In International Conference on Current Trends in Theory
and Practice of Informatics, pages 433–444. Springer, 2016.

[BdBJ+13] Joakim Bjørk, Frank S de Boer, Einar Broch Johnsen, Rudolf Schlatte, and S Lizeth Tapia
Tarifa. User-defined schedulers for real-time concurrent objects. Innovations in Systems
and Software Engineering, 9(1):29–43, 2013.

[Bok87] Shahid H Bokhari. Multiprocessing the sieve of eratosthenes. Computer, 20(4):50–58,
1987.

[BSH+17] Frank De Boer, Vlad Serbanescu, Reiner Hähnle, Ludovic Henrio, Justine Rochas,
Crystal Chang Din, Einar Broch Johnsen, Marjan Sirjani, Ehsan Khamespanah, Kiko
Fernandez-Reyes, and Albert Mingkun Yang. A survey of active object languages. ACM
Comput. Surv., 50(5):76:1–76:39, October 2017.

[But97] David R Butenhof. Programming with POSIX threads. Addison-Wesley Professional,
1997.

[CJO10] Dave Clarke, Einar Broch Johnsen, and Olaf Owe. Concurrent Objects à la Carte, pages
185–206. Springer Berlin Heidelberg, 2010.

[Com] Apache Commons. Javaflow, 2009. URL http://commons. apache. org/sandbox/javaflow.
[CW10] Martin J Chorley and David W Walker. Performance analysis of a hybrid mpi/openmp

application on multi-core clusters. Journal of Computational Science, 1(3):168–174,
2010.

[DBCJ07] Frank S De Boer, Dave Clarke, and Einar Broch Johnsen. A complete guide to the future.
In Programming Languages and Systems, pages 316–330. Springer, 2007.

[DBH15] Crystal Chang Din, Richard Bubel, and Reiner Hähnle. Key-abs: A deductive verification
tool for the concurrent modelling language ABS. In Automated Deduction - CADE-25 -
25th International Conference on Automated Deduction, Berlin, Germany, August 1-7,
2015, Proceedings, pages 517–526, 2015.

[DG08] Jeffrey Dean and Sanjay Ghemawat. Mapreduce: simplified data processing on large
clusters. Communications of the ACM, 51(1):107–113, 2008.

[Dij78] Edsger W Dijkstra. Guarded commands, nondeterminacy, and formal derivation of
programs. In Programming Methodology, pages 166–175. Springer, 1978.

[DO14] Crystal Chang Din and Olaf Owe. A sound and complete reasoning system for asyn-
chronous communication with shared futures. J. Log. Algebr. Meth. Program., 83(5-
6):360–383, 2014.

110



[FMAG13] Antonio E Flores-Montoya, Elvira Albert, and Samir Genaim. May-happen-in-parallel
based deadlock analysis for concurrent objects. In Formal Techniques for Distributed
Systems, pages 273–288. Springer, 2013.

[FRCH+19] Kiko Fernandez-Reyes, Dave Clarke, Ludovic Henrio, Einar Broch Johnsen, and Tobias
Wrigstad. Godot: All the benefits of implicit and explicit futures. 2019.

[GJSS14] Georg Göri, Einar Broch Johnsen, Rudolf Schlatte, and Volker Stolz. Erlang-style error
recovery for concurrent objects with cooperative scheduling. In International Symposium
On Leveraging Applications of Formal Methods, Verification and Validation, pages 5–21.
Springer, 2014.

[GLL16] Elena Giachino, Cosimo Laneve, and Michael Lienhardt. A framework for deadlock
detection in core ABS. Software and System Modeling, 15(4):1013–1048, 2016.

[Gup12] Munish Gupta. Akka essentials. Packt Publishing Ltd, 2012.
[Hal12] Philipp Haller. On the integration of the actor model in mainstream technologies: the

scala perspective. In Proceedings of the 2nd edition on Programming systems, languages
and applications based on actors, agents, and decentralized control abstractions, pages
1–6. ACM, 2012.

[hat] http://www.hats-project.eu/node/113.
[HFW84] Christopher T. Haynes, Daniel P. Friedman, and Mitchell Wand. Continuations and

coroutines. In Proceedings of the 1984 ACM Symposium on LISP and Functional
Programming, LFP ’84, pages 293–298, New York, NY, USA, 1984. ACM.

[HM08] Mark D Hill and Michael R Marty. Amdahl’s law in the multicore era. Computer, 41(7),
2008.

[HM16] Reiner Hähnle and Radu Muschevici. Towards incremental validation of railway systems.
In International Symposium on Leveraging Applications of Formal Methods, pages
433–446. Springer, 2016.

[HO09] Philipp Haller and Martin Odersky. Scala actors: Unifying thread-based and event-based
programming. Theoretical Computer Science, 410(2):202–220, 2009.

[HR16] Ludovic Henrio and Justine Rochas. From modelling to systematic deployment of
distributed active objects. In Proc. Coordination Models and Languages: 18th Intl. Conf.
( COORDINATION), volume 9686. 2016.

[IS12] Shams M Imam and Vivek Sarkar. Integrating task parallelism with actors. In ACM
SIGPLAN Notices, volume 47, pages 753–772. ACM, 2012.

[IS14] Shams M Imam and Vivek Sarkar. Savina-an actor benchmark suite: Enabling empirical
evaluation of actor libraries. In 4th International Workshop on Programming based on
Actors Agents & Decentralized Control, pages 67–80. ACM, 2014.

[Jan17] Manish Jangid. Kotlin-the unrivalled android programming language lineage. Imperial
Journal of Interdisciplinary Research, 3(8), 2017.

[JHS+12] Einar Broch Johnsen, Reiner Hähnle, Jan Schäfer, Rudolf Schlatte, and Martin Steffen.
Abs: A core language for abstract behavioral specification. In Formal Methods for
Components and Objects, pages 142–164. Springer, 2012.

111

http://www.hats-project.eu/node/113


[JST12a] Einar Broch Johnsen, Rudolf Schlatte, and Silvia Lizeth Tapia Tarifa. Modeling resource-
aware virtualized applications for the cloud in real-time ABS. In Formal Methods and
Software Engineering - 14th International Conference on Formal Engineering Methods,
ICFEM 2012, Kyoto, Japan, November 12-16, 2012. Proceedings, pages 71–86, 2012.

[JST12b] Einar Broch Johnsen, Rudolf Schlatte, and Silvia Lizeth Tapia Tarifa. Modeling resource-
aware virtualized applications for the cloud in real-time abs. In Formal Methods and
Software Engineering, pages 71–86. Springer, 2012.

[Kan02] Stephen H. Kan. Metrics and Models in Software Quality Engineering. Addison-Wesley
Longman Publishing Co., Inc., Boston, MA, USA, 2nd edition, 2002.

[KH16] Eduard Kamburjan and Reiner Hähnle. Uniform modeling of railway operations. In
FTSCS, pages 55–71. Springer, 2016.

[KH17] Eduard Kamburjan and Reiner Hähnle. Deductive verification of railway operations. In
International Conference on Reliability, Safety and Security of Railway Systems, pages
131–147. Springer, 2017.

[KS19] Eduard Kamburjan and Jonas Stromberg. Tool-supported visualization and interactive
prototyping of railway operations, 2019.

[KSA09] Rajesh K Karmani, Amin Shali, and Gul Agha. Actor frameworks for the jvm platform:
a comparative analysis. In Proceedings of the 7th International Conference on Principles
and Practice of Programming in Java, pages 11–20. ACM, 2009.

[Lam] Lambda expression deocumentation. https://docs.oracle.com/javase/
tutorial/java/javaOO/lambdaexpressions.html. Accessed: 2018-09-30.

[LDMA09] Steven Lauterburg, Mirco Dotta, Darko Marinov, and Gul Agha. A framework for state-
space exploration of java-based actor programs. In Proceedings of the 2009 IEEE/ACM
International Conference on Automated Software Engineering, ASE ’09, pages 468–479,
Washington, DC, USA, 2009. IEEE Computer Society.

[Lea00] Douglas Lea. Concurrent programming in Java: design principles and patterns. Addison-
Wesley Professional, 2000.

[Mar02] Robert C Martin. Agile software development: principles, patterns, and practices.
Prentice Hall, 2002.

[NAB+11] Bogdan Nicolae, Gabriel Antoniu, Luc Bougé, Diana Moise, and Alexandra Carpen-
Amarie. Blobseer: Next-generation data management for large scale infrastructures. J.
Parallel Distrib. Comput., 71:169–184, February 2011.

[NdB14] Behrooz Nobakht and Frank S de Boer. Programming with actors in java 8. In Leveraging
Applications of Formal Methods, Verification and Validation. Specialized Techniques
and Applications, pages 37–53. Springer, 2014.

[O’N09] MELISSA E O’NEILL. The genuine sieve of eratosthenes. Journal of Functional
Programming, 19(01):95–106, 2009.

[PM01] Esmond Pitt and Kathy McNiff. Java. rmi: The Remote Method Invocation Guide.
Addison-Wesley Longman Publishing Co., Inc., 2001.

112

https://docs.oracle.com/javase/tutorial/java/javaOO/lambdaexpressions.html
https://docs.oracle.com/javase/tutorial/java/javaOO/lambdaexpressions.html


[PR94] Jenny Preece andHDieter Rombach. A taxonomy for combining software engineering and
human-computer interaction measurement approaches: towards a common framework.
International journal of human-computer studies, 41(4):553–583, 1994.

[pri] http://primesieve.org.
[PS12] Guillaume Pierre and Corina Stratan. ConPaaS: a platform for hosting elastic cloud

applications. IEEE Internet Computing, 16(5):88–92, September-October 2012.
[PWB09] Kai Petersen, Claes Wohlin, and Dejan Baca. The waterfall model in large-scale develop-

ment. In International Conference on Product-Focused Software Process Improvement,
pages 386–400. Springer, 2009.

[RH14] Justine Rochas and Ludovic Henrio. A ProActive Backend for ABS: from Modelling to
Deployment. Research Report RR-8596, INRIA, September 2014.

[RJB04] James Rumbaugh, Ivar Jacobson, and Grady Booch. Unified modeling language reference
manual, the. Pearson Higher Education, 2004.

[Roc16] Justine Rochas. Execution support for multi-threaded active objects: design and imple-
mentation. PhD thesis, Université Côte d’Azur, 2016.

[SAB+15] Vlad Serbanescu, K Azadbakht, F Boer, C Nagarajagowda, and B Nobakht. A design
pattern for optimizations in data intensive applications using abs and java 8. Concurrency
and Computation: Practice and Experience, 2015.

[ŞAdB16] Vlad Şerbănescu, Keyvan Azadbakht, and Frank de Boer. A Java-Based Distributed
Approach for Generating Large-Scale Social Network Graphs, pages 401–417. Springer
International Publishing, Cham, 2016.

[SB] Vlad Serbanescu and Frank S. Boer. On the nature of cooperative scheduling in active
objects. In Submission.

[SBJ18a] Vlad Serbanescu, Frank S. Boer, and Mahdi Jaghoori. Actors with coroutine support in
java. In Proceedings 15th International Conference on Formal Aspects of Component
Software, Pohang, South Korea 10-12 October 2018. Springer, 2018.

[SBJ18b] Vlad Serbanescu, Frank S. Boer, and Mahdi Jaghoori. Ascoop: Actors in scala with coop-
erativescheduling. In Proceedings 21st IEEE International Conference on Computational
Science and Engineering. IEEE, 2018.

[Sch97] Ken Schwaber. Scrum development process. In Business object design and implementa-
tion, pages 117–134. Springer, 1997.

[Sch11] Jan Schäfer. A Programming Model and Language for Concurrent and Distributed
Object-Oriented Systems. PhD thesis, University of Kaiserslautern, 2011.

[Sir07] Marjan Sirjani. Rebeca: Theory, applications, and tools. In Frank S. de Boer, Marcello M.
Bonsangue, Susanne Graf, and Willem-Paul de Roever, editors, Formal Methods for
Components and Objects, pages 102–126, Berlin, Heidelberg, 2007. Springer Berlin
Heidelberg.

[SM01] M Sirjani and A Movaghar. An actor-based model for formal modelling of reactive
systems: Rebeca. Technical Report, 2001.

113

http://primesieve.org


[SM08] Sriram Srinivasan and Alan Mycroft. Kilim: Isolation-typed actors for java. In European
Conference on Object-Oriented Programming, pages 104–128. Springer, 2008.

[SNA+14] Vlad Serbanescu, Chetan Nagarajagowda, Keyvan Azadbakht, Frank de Boer, and
Behrooz Nobakht. Towards type-based optimizations in distributed applications using
abs and java 8. In Adaptive Resource Management and Scheduling for Cloud Computing,
pages 103–112. Springer, 2014.

[SOHL+98] Marc Snir, Steve Otto, Steven Huss-Lederman, David Walker, and Jack Dongarra. MPI:
The Complete Reference (Vol. 1): Volume 1-The MPI Core, volume 1. MIT press, 1998.

[SP15] Andrei Sfrent and Florin Pop. Asymptotic scheduling for many task computing in big
data platforms. Information Sciences, 319:71–91, 2015.

[SPCA14] V. Serbanescu, F. Pop, V. Cristea, and G. Antoniu. Architecture of distributed data
aggregation service. In Advanced Information Networking and Applications (AINA),
2014 IEEE 28th International Conference on, pages 727–734, May 2014.

[SPCA15] Vlad Serbanescu, Florin Pop, Valentin Cristea, and Gabriel Antoniu. A formal method
for rule analysis and validation in distributed data aggregation service. World Wide Web,
18(6):1717–1736, 2015.

[Sto] Enroute Storm. Scala coroutines, 2011. URL http://storm-enroute.com/coroutines/.
[Tip13] Sever Tipei. Composing with sieves: Structure and indeterminacy in-time. In ICMC.

Citeseer, 2013.
[VLFGL01] Gregor Von Laszewski, Ian Foster, Jarek Gawor, and Peter Lane. A java commodity grid

kit. Concurrency and Computation: practice and experience, 13(8-9):645–662, 2001.
[VPT+15] Mihaela-Andreea Vasile, Florin Pop, Radu-Ioan Tutueanu, Valentin Cristea, and Joanna

Kołodziej. Resource-aware hybrid scheduling algorithm in heterogeneous distributed
computing. Future Generation Computer Systems, 51:61–71, 2015.

[WAM+12] Peter YH Wong, Elvira Albert, Radu Muschevici, José Proença, Jan Schäfer, and Rudolf
Schlatte. The abs tool suite: modelling, executing and analysing distributed adaptable
object-oriented systems. International Journal on Software Tools for Technology Transfer,
14(5):567–588, 2012.

[WDS11] Peter YHWong, NikolayDiakov, and Ina Schaefer. Modelling distributed adaptable object
oriented systems using hats approach: A fredhopper case study. In 2nd International
Conference on Formal Verification of Object-Oriented Software, volume 7421, 2011.

[yS05] T Oliveira y Silva. Fast implementation of the segmented sieve of eratosthenes, 2005.

114


