RESUM

En els dltims anys, els serveis Web s’han popularitzat. A¢o se deu al
fet que ells permeten que negocis intercanvien dades i logica de pro-
cessos de negoci a través d’una interficie programatica sobre la xarxa.
Per a aconseguir el major potencial dels servicis Web, estos es poden
combinar per a aconseguir funcionalitats especifiques.

Els serveis Web s’executen en contextos complexos on certs esde-
veniments que sorgixen poden comprometre la qualitat del sistema
(per exemple, un atac sobtat de seguretat). Com resultat, és desitjable
comptar amb mecanismes per a adaptar composicions de serveis Web
(o simplement composicions de serveis) d’acord amb esdeveniments
problematics en el contexte. Ja que sistemes critics poden requerir
respostes rapides, les adaptacions manuals no sén factibles en com-
posicions de serveis grans i intricades. Per tant, és adequat comptar
amb mecanismes autonomics per a guiar autoadaptacions. Una forma
d’aconseguir ago és per mitja de la implementacié de constructors de
variabilitat a nivell del llenguatge de programacié. No obstant aixo,
esta aproximaci6 pot resultar tediosa, dificil de manejar, i propensa a
errors a mesura que el nombre de configuracions de la composici6 de
serveis creix.

L'objectiu d’esta tesi és proveir un marc, recolzat per ferramentes,
per a guiar ajustos autonomics de composicions de servicis sensibles
al contexte fent us de models en temps d’execucié. Este marc cobrix el
temps de disseny i el temps d’execuci6 per a enfrontar esdeveniments
coneguts i desconeguts en el contexte (agd és, previstos i no previstos
en temps de disseny) en el mén tancat i obert respectivament.

En temps de disseny, proposem la creacié dels models que guien
canvis autonomics. A fi d’aconseguir adaptacions optimes, un model
de variabilitat i les seues possibles configuracions sén verificades en
temps de disseny. En temps d’execuci6, el model de variabilitat s'utilitza
per a guiar els canvis autonomics de la composicié de serveis quan
esdeveniments problematics ocorren en el contexte. L'ac-tivaci6 i de-
sactivacio de caracteristiques en el model de variabilitat resulten en
canvis en un model de composicié6 que abstrau la composicié de ser-
vicis subjacent. Els canvis en el model de variabilitat sén reflectits en
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la composicié de servicis a ’afegir o remoure fragments de codi en el
Llenguatge d’Execuci6é de Processos de Negoci amb serveis Web.

Davall I'assumpcié del mén tancat, els possibles esdeveniments del
contexte es coneixen totalment en temps de disseny. Estos esdeveni-
ments eventualment dispararan 1’adaptacié dinamica de la composicié
de serveis. No obstant aixo, és dificil preveure totes les possibles situa-
cions que ocorren en contextos incerts on les composicions de serveis
s’executen. Per tant, el marc proposat també cobrix 1’evolucié dinamica
de composicions de serveis per a enfrontar esdeveniments inesperats
en el moén obert. Si les adaptacions dinamiques no sén suficients per a
resoldre la incertesa, llavors els models autoevolucionen d’acord amb
tactiques abstractes que preserven els requisits esperats.

La proposta ha sigut avaluada a través d'un cas d’estudi i simu-
lacions. Les respostes a diverses preguntes d’investigaci6 demostren
la factibilitat d'usar models en temps d’execucié per a guiar ajustos
dinamics en composicions de serveis autonomiques en el mén obert i
tancat.

xii



	Dedication
	Abstract
	Abstract
	Abstract
	Contents
	List of Figures
	List of Tables
	Listings
	Acronyms
	Preliminaries
	1 Introduction
	1.1 Motivation
	1.2 Problem Statement
	1.3 Research Challenges 
	1.4 The Approach
	1.5 Research Methodology
	1.6 Thesis Context
	1.7 Outline

	2 Background 
	2.1 Enablers of Our Approach
	2.1.1 Autonomic Computing
	2.1.2 Model-driven Engineering
	2.1.3 Models at Runtime
	2.1.4 Software Product Line Engineering

	2.2 Target of Our Research
	2.2.1 Service Compositions
	2.2.2 Context

	2.3 Conclusions

	3 State of the Art
	3.1 Research Areas
	3.2 Taxonomy to Classify Research Works
	3.2.1 What Change is the Cause of Adaptation
	3.2.2 How the Service Composition Faces Changes
	3.2.3 When Changes are Carried Out
	3.2.4 Where Changes are Carried Out
	3.2.5 Maturity of the Approach

	3.3 Related Work in the Main Research Areas
	3.3.1 Variability Constructs at the Language Level
	3.3.2 Brokers
	3.3.3 Models at Runtime
	3.3.4 DSPLs

	3.4 Related Work in the Research Subareas
	3.4.1 Variability Modeling
	3.4.2 Uncertainty Management in the Open World

	3.5 Conclusions

	4 Overview of the Approach
	4.1 Case Study
	4.2 Main Building Blocks
	4.2.1 Design-Related Building Blocks
	4.2.2 Runtime-Related Building Blocks

	4.3 A Framework for Autonomic Service Compositions
	4.3.1 Design Phase
	4.3.2 Dynamic Adaptation Phase
	4.3.3 Dynamic Evolution Phase

	4.4 Conclusions


	Paving the Way for the Dynamic Adjustment of Service Compositions
	5 Model-Driven Design for Dynamic Adaptation
	5.1 Achieving Autonomic Service Compositions with MDE and DSPLE
	5.2 A Process to Design Dynamic Adaptations
	5.2.1 Create the Initial Composition Model
	5.2.2 Create the Variability Model
	5.2.3 Set Variability at the Composition Model 
	5.2.4 Create the Context Model
	5.2.5 Define Context Conditions
	5.2.6 Define Resolutions
	5.2.7 Generate the Adaptation Space
	5.2.8 Link Features to Service Operations
	5.2.9 Verify Reconfigurations
	5.2.10 Model-Driven Generation of WS-BPEL Code

	5.3 Conclusions

	6 Modeling to Face Uncertainty in the Open World
	6.1 Dynamic Adaptation and Dynamic Evolution of Software
	6.2 Conceptual Framework for Autonomic Service Compositions
	6.3 Getting Ready to Face Uncertainty in the Open World
	6.4 A Process to Design Dynamic Evolutions
	6.5 Abstracting Requirements in the Requirements Model
	6.6 Preserving the Requirements with Tactic Models
	6.7 Reasoning about Unknown Context Events with Rule Premises
	6.8 Conclusions


	Dynamic Adjustment of Service Compositions
	7 Achieving Dynamic Adaptation through Models at Runtime
	7.1 MoRE-WS: An Extension of MoRE for Service Compositions
	7.2 Monitoring the Context
	7.3 Analyzing the Context
	7.4 Planning the Adaptation
	7.5 Executing the Adaptation
	7.6 Conclusions

	8 Achieving Dynamic Evolution through Models at Runtime
	8.1 Computing Infrastructure for Dynamic Evolutions
	8.2 Planning the Evolution with the Evolution Planner
	8.3 Using MoRE-WS for Dynamic Evolutions
	8.4 Conclusions


	Applicability and Provability 
	9 Tool Support and Method Contents
	9.1 Plugable Method Contents
	9.2 Designing Dynamic Adaptations
	9.2.1 Create the Initial Composition Model
	9.2.2 Create the Variability Model
	9.2.3 Set Variability at the Composition Model
	9.2.4 Create the Context Model
	9.2.5 Define Context Conditions
	9.2.6 Define Resolutions
	9.2.7 Generate the Adaptation Space
	9.2.8 Link Features to Service Operations
	9.2.9 Verify Reconfigurations
	9.2.10 Model-Driven Generation of WS-BPEL Code

	9.3 Designing Dynamic Evolutions
	9.3.1 Create the Requirements Model
	9.3.2 Create the Tactic Models
	9.3.3 Create the Weaving Model
	9.3.4 Implement the Service Operations for Tactics
	9.3.5 Create the Fragments of WS-BPEL Code to Invoke Tactics
	9.3.6 Create the Rule Premises

	9.4 MoRE-WS
	9.5 Conclusions

	10 Validation
	10.1 Evaluated Aspects
	10.2 A Brief Introduction of the GQM Paradigm
	10.3 Computing Infrastructure for the Experiments
	10.4 Validation in the Design Phase
	10.4.1 Generation Efficiency of Variability Model Configurations
	10.4.2 Complexity Reduction of the Adaptation Space 
	10.4.3 Anomalies Reduction in the Variability Model and its Configurations
	10.4.4 Verification Efficiency

	10.5 Validation in the Dynamic Adaptation Phase
	10.5.1 Context Observation Efficiency
	10.5.2 Dynamic Adaptation Efficiency
	10.5.3 Operability under Stress

	10.6 Validation in the Dynamic Evolution Phase
	10.6.1 Dynamic Evolution Efficiency
	10.6.2 Inferences Accuracy

	10.7 Conclusions


	Closing Remarks
	11 Conclusions and Future Work
	11.1 Contributions
	11.2 Publications
	11.3 International Collaboration
	11.4 Codirected Master Thesis
	11.5 Future Work
	11.6 My Quest to Scientific Knowledge


	Appendices
	A Implementation Details
	A.1 Context Monitor Operations to Observe the Context
	A.2 MoRE-WS Operations for Dynamic Adaptations
	A.2.1 Analyze the Context
	A.2.2 Planning the Adaptation
	A.2.3 Executing the Adaptation

	A.3 Operations for Dynamic Evolutions
	A.3.1 Planning the Evolution with the Evolution Planner
	A.3.2 Using MoRE-WS for Dynamic Evolutions


	B Case Study: Book Shopping Process 
	B.1 Web Services
	B.2 Context Conditions and Resolutions
	B.3 WS-BPEL Template
	B.4 Dynamic Adaptation Scenario
	B.4.1 Requirements and Initial WS-BPEL Composition Schema
	B.4.2 Dynamic Adaptation for B&NUnavailable 
	B.4.3 Dynamic Adaptation for UPSHiExecTime

	B.5 Dynamic Evolution Scenario

	Bibliography
	Declaration


