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IntroductionIntroduction

• Ubiquitous
• Wireless connections
• Middleware for NES
• Embedded System as Component 
• Design Patterns 
• Pattern Languages



OutlineOutline

• Case study overview
• Middleware
• Applied Patterns
• Case study patterns
• Towards a Pattern Language for NES 
• Conclusion



Case Case studystudyoverviewoverview



MiddlewareMiddleware
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Application Application
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COMMUNICATION
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Functional requirementsFunctional requirements

• Common abstractions
• Interoperability & Integration
• Composition
• Events notification
• Monitoring
• Asynchronous communication
• Ad hoc discovery 



NonNon--functional requirementsfunctional requirements

• Modularity
• Security
• Heterogeneity & Distribution
• Adaptability
• Resource efficiency
• Configurability
• Evolutions support
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PatternsPatterns

• Christophe Alexander 1978
• GoF 1995
• Design solution 
• Problem within a context



Patterns combinationPatterns combination

• Pattern composition
• System of patterns
• Family of patterns
• Pattern language



Towards a Pattern Language for NESTowards a Pattern Language for NES

• Overall goal
• Tightly interwoven patterns network
• System level
• Entry point for the main problem
• Patterns for sub-problems 

• Relations: dependency & refinement



Patterns for NES MiddlewarePatterns for NES Middleware

Architecture
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Patterns for NES MiddlewarePatterns for NES Middleware

Objects Creation
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Patterns for NES MiddlewarePatterns for NES Middleware

Network Topology
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Patterns for NES MiddlewarePatterns for NES Middleware

Events Notification
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Patterns for NES MiddlewarePatterns for NES Middleware

Network Communication

��)���

%����*�����

�������

��
������

 ��,!��

!������)

 ��-)

��������

����

������
��

�������)

$�����������

���"��*

������������

+�����)
!��������

��������

��.������

%���������



Patterns for NES MiddlewarePatterns for NES Middleware

Memory Management
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Patterns for NES MiddlewarePatterns for NES Middleware

Reliability
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Patterns for NES MiddlewarePatterns for NES Middleware

Configuration
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ArchitectureArchitecture

Microkernel

Application Framework

Application serveur



The concrete use of CompositeThe concrete use of Composite

An excerpt of the network topology tree corresponding to application of Composite



The concrete use of ObserverThe concrete use of Observer

Logs view: server-side application of Observer 



The concrete use of ObserverThe concrete use of Observer

Applet: client-side application of Observer 



The concrete use of ConfiguratorThe concrete use of Configurator

#may be empty, SimpleThing, CompositeThing
_FACADE=CompositeThing
_THING_ID=TINI
#Token use to split strings
_TOKENS_SEPA=,
#Interceptors list
_INTERCEPTORS_PKAG=appli.interceptor.interceptors.
_INTERCEPTORS_LIST=ResourceManagement,Logging,Secur ity,ServiceLocator,ServiceInvocator
# KERNEL_EXTERNAL_SERVICES
_KERNEL_EXTERNAL_SERVICES_PKAG=kernel.external.serv ices.
_KERNEL_EXTERNAL_SERVICES_LIST=OneWireDeviceListene r
_KERNEL_EXTERNAL_SERVICES_LIST_SIZE=5
# APPLI_SERVICES list
_APPLI_SERVICES_PKAG=appli.services.
_APPLI_SERVICES_LIST=discovery,configuration,compos ition,observation,visite,
_APPLI_DEFAULT_SERVICE=discovery
#Protocols supported by the device: http
_SUPPORTED_PROTOCOLS=http
# The host listens http connection
_RUNNING_PROTOCOLS=bluetooth,http
#The logger class
_LOGGER=nesmid.util.Func
#Ressource optimisation
_EVICTION_STRATEGY=LastRecentlyUse
_LEASING_DEFAULT_TIME



Discovery Discovery requestrequest resultresult



Request Request processingprocessing
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TINI ROM memory footprintTINI ROM memory footprint

3Observer

70Sum

1Configuration file

4.5HTTP Command

1.5Evictor

3.7Leasing

2.7Proxy

6Composite + Visitor

4.5Interceptor

43Brazil (CoR, Configurator)

Size (kb)Module/Pattern



ConclusionConclusion

• Lightweight middleware
• Patterns as approach 
• Security
• Mobile code



RRééfféérencesrences

• [1] E. Gamma, R. Helm, R. Johnson, J. Vlissides:  Design patterns – Elements of Reusable Object-Oriented Software, Addison-Wesley 
Professional, 1995 

• [2] F. Buschmann, R. Meunier, R. Rohnert, P. Sommerlad, M. Stal:  Pattern-Oriented Software Architecture – A System of Patterns, John 
Wiley & Sons, 1996

• [3] D.C. Schmidt, M. Stal, H. Rohnert, and F. Buschmann: Pattern oriented software Architecture – Patterns for Concurrent and 
Networked Objects, John Wiley & Sons, 2000

• [4] P. Jain, M. Kircher: Pattern oriented software Architecture – Patterns for Resource Management, John Wiley & Sons, 2004
• [5] M. Grand: Patterns in Java, John Wiley & Sons, 1998
•
• [6] M. Grand: Java Enterprise Design Pattern, John Wiley & Sons, 2001
• [7] O. Maassen, S. Stelting:  Applied JAVA Patterns, Prentice Hall, 2001
• [8] B. P. Douglass: Real-Time Design Patterns – Robust Scalable Architecture for Real-Time Systems, Addison-Wesley, 2003
• [9] M. Schumacher, E. Fernandez-Buglioni, D. Hybertson, F. Buschmann, P. Sommerlad: Security Patterns – Integrating Security and 

Systems Engineering, John Wiley & Sons, 2005 
• [10] R. Zurawski: Embedded Systems Handbook, Taylor & Francis, 2005
• [11] N. Bonardelle : Motifs de Conception et Intergiciel pour Systèmes embarqués, in Conférence Française sur les Systèmes 

d’Exploitation (CFSE’05), Croisic,  April 2005
• [12] F. Eliassen, A. Andersen, G. S. Blair & co: Next Generation Middleware – Requirements, Architecture, and Prototypes,  p. 60, The 

Seventh IEEE Workshop on Future Trends of Distributed Computing Systems, 1999
• [13] G.S. Blair, G. Coulson, P. Robin, M. Papathomas, An Architecture for Next Generation Middleware, Proc. IFIP International 

Conference on Distributed Systems Platforms and Open Distributed Processing (Middleware’98), Kluwer, September 1998.
•
• [14] P.Triantafillou, Ioannis Aekaterinidis: 
• Content-based publish-Subscribe over Structured P2P networks,
• In DEBS, 2004
• http://www-serl.cs.colorado.edu/~carzanig/debs04/debs04triantafillou.pdf
• [15] Microsoft: Patterns and practices – Publish/Subscribe
• http://msdn.microsoft.com/library/default.asp?url=/library/en-us/dnpag/html/despublishsubscribe.asp
• [16] Q. H. Mahmoud:  Middleware for Communications, John Wiley & Sons, 2004
• [17] C. Britton, P. Bye: IT Architectures and Middleware – Second Edition, Addison-Wiley, 2004
•



RRééfféérencesrences

• [18] U. Zdun, M. Kircher, M. Volter: Remoting Patterns, IEEE Internet Computing, vol. 08, no. 6, pp. 60-68, Nov/Dec, 2004
• [19] J. Rees, P. Honeyman:  Webcard: a Java Card web server, (Proc. IFIP CARDIS 2000
• http://www.citi.umich.edu/techreports/reports/citi-tr-99-3.pdf
• [20] J-M. Douin, J-M. Gilliot: Collaboration patterns for networked embedded servers, in ETFA, 2003 
• http://www-info.enst-bretagne.fr/publication/2003-06.pdf
• [21] S. Vinoski: Chain of Responsibility, EEE Internet Computing, vol. 6, no. 6, 2002, pp. 80–83 

http://csdl.computer.org/dl/mags/ic/2002/06/w6080.pdf
• [22] Sun Microsystems: Why Jini Now?, 1998
• http://www.di.uniovi.es/~falvarez/whyjininow.pdf
• [23] J. Barber: The Smart Card URL Programming Interface,
• Proceedings of Gemplus Developer Conference (GDC’99), Paris, France, 21-22 June 1999
• [24] F. Fahrion: Embedded Ethernet Systems – Application tips for 2004, TechOnLine, 2004
• http://www.techonline.com/community/ed_resource/tech_paper/36916
• [25] J-M. Douin, J-M. Gilliot: A Pattern Oriented Lightweight Middleware for Smartcards, in CARDIS’04, 2004
• http://www-info.enst-bretagne.fr/publication/2004/ENSTBrINFORR2004.019.pdf
• [26] ERCIM: Special Embedded Systems, News No 52, 2003 http://www.ercim.org/publication/Ercim_News/enw52/intro.html
• [27] TAO, http://www.theaceorb.com/
• [28] D. Bakken: MicroQoSCORBA: A Configurable Middleware Framework for small Embedded Systems that Support Multiple Quality of 

Service Properties, Washington University, 2005  
http://www.comp.lancs.ac.uk/computing/research/mpg/reflection/papers/MicroQoSCORBA-Lancaster-25April2005.ppt

• [29] J. Hannemann and G. Kiczales: Design Pattern Implementation in Java and AspectJ, in OOPSLA 2002
• http://www.cs.ubc.ca/labs/spl/papers/2002/oopsla02-patterns.pdf
• [30] C. Webel, I. Fliege, A. Geraldy, R. Gotzhein: Developing Reliable Systems with SDL Design Patterns and Design Components, in 

ISSRE04 Workshop on Integrated-reliability with Telecommunications and UML Languages,  2004 
• http://www.sdl-forum.org/issre04-witul/papers/witul04_developing_reliable_systems.pdf
• [31] G. Hohpe, B. Woolf: Enterprise Integration Patterns – JMS Publish/Subscribe Example

http://www.enterpriseintegrationpatterns.com/ObserverJmsExample.html
• [32] L. Aldred, Wil M.P. van der Aalst, M. Dumas, and A. H.M. ter Hofstede:  On the Notion of Coupling in Communication Middleware, In 

Proceedings On the Move to Meaningful Internet Systems - 7th International Symposium on Distributed Objects and Applications (DOA), 
pages pp. 1015-1033, 2005



RRééfféérencesrences

• [33] STARUML, http://www.staruml.com
• [34] http://www.cea.fr/fr/presse/dossiers/Electronique_Automobile_CEA_260906.pdf
• [35] P. Jain, D. C. Schmidt: Dynamically Configuring Communication Services with the Service Configurator Pattern, in Third USENIX 

Conference on Object-Oriented Technologies (COOTS), 1997 
• http://www.cs.wustl.edu/~schmidt/PDF/O-Service-Configurator.pdf
• [36] L. Fiege1, F. C. Gärtner, O. Kasten, and A. Zeidler: Supporting Mobility in Content-Based Publish/Subscribe Middleware, 

Proceedings of the 8th ACM international symposium on Modeling, analysis and simulation of wireless and mobile systems, 2005 
• http://lpdwww.epfl.ch/upload/documents/publications/neg--1241122820log_mobility_mw03.pdf
• [37] P. Aschenbrenner, M. Förster: The POSA Interceptor Pattern, in Conceptual Architecture Patterns Seminar, 2003
• http://wendtstud1.hpi.uni-potsdam.de/SCAP/presentations/ThePOSAInterceptorPatternNEU.pdf
• [38] F .A. Rosa, A. R. Silva: Component Configurer: A Design Pattern for Component-Based Configuration, in Proceedings of the 2nd 

European Conference on Pattern Languages of Programming (EuroPLoP '97). Siemens Technical Report 120/SW1/FB. Munich, 
Germany: Siemens, 1997

• http://francisco.assisrosa.com/pubs/europlop97-1.ps
• [39] S.Baehni1, P. Th. Eugster, R. Guerraoui : OS Support for P2P Programming: a Case for TPS, in ICDCS 2002 (Vienna, Austria, 

2002).
• [40] E. A. Lee: What’s Ahead for Embedded Software?, 
• IEEE Computer Magazine, September 2000, pp. 18-26, 2000
• http://www.cs.utah.edu/classes/cs6935/papers/lee.pdf
• [41] C. Zhang, H-A. Jacobsen, Refactoring Middleware with Aspects, IEEE Transactions on Parallel and Distributed Systems, 

vol. 14, no. 11, pp. 1058-1073, Nov., 2003.
• [42] D. Harel, M. Politi: Modeling Reactive Systems with Statecharts, Mcgraw-Hill, 1998
• [43] M. Panahi, T. Harmon, R. Klefstad, Adaptive Techniques for Minimizing Middleware Memory Footprint for Distributed, Real-Time, 

Embedded Systems, Proceedings of the IEEE 18th Annual Workshop on Computer Communications. 18, pp. 54-58. 
10.1109/CCW.2003.1240790, 2003

• http://repositories.cdlib.org/postprints/656
• [44] M. Kircher, C. Schwanninger Enterprise meets Embedded, Workshop - Reuse in constrained environments, OOPSLA 2003, Anaheim, USA, 2003 
• http://www.kircher-schwanninger.de/michael/publications/KircherSchwanninger.pdf
• [45] R. Klefstad, M. Deshpande, C. O’Ryan , A. Corsaro, A. S Krishna, S. Rao, K. Raman
• Real Time CORBA with ZEN, University of California, 2002
• http://doc.ece.uci.edu/publications/zen-performance-2002.pdf
• [46] J2ME Specifications
• http://jcp.org/aboutJava/communityprocess/final/jsr139/index.html



RRééfféérencesrences

• [47] Elsist, the Netmaster manufacturer web site, http://www.elsist.net/
• [48] TINI web site, http://www.maxim-ic.com
• [49] A. Corsaro, D-C. Schmidt, R. Klefstad, C. O’Ryan, 
• Virtual component – A design Pattern for Memory-Constrained Embedded Applications, 2002
• http://www.cs.wustl.edu/~schmidt/PDF/virtual-component.pdf
• [50] C.Mascolo, S.Hailes, L.Lymberopoulos, and all,
• SIXTH FRAMEWORK PROGRAMME PRIORITY 2 “Information Society Technologies” – Survey of Middleware for Networked Embedded 

Systems, 2005
• http://www.ist-runes.org/docs/deliverables/D5_01.pdf
• [51] D-C. Schmidt, C. Cleeland, Applying a pattern language to Develop Extensible ORB Middleware, 2000
• http://www.cs.wustl.edu/~schmidt/PDF/ORB-patterns.pdf
• [52] http://www.hsqldb.org
• [53] http://www.experimentalstuff.com/Technologies/Brazil/index.html
• [54] CORBA, http://www.corba.org/


