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The author’s research activity, following the PhD defense in 2005, is presented from a

unified interdisciplinary perspective of complex adaptive systems. The Thesis subject

lies at the crossroads of Software Engineering, Optimization Theory, Meta-heuristics,

Evolutionary Computing and Game Theory. Service adaptation - a main topic of this

Thesis - is a central concept in Software Engineering. Automatic complexity manage-

ment represents an important challenge in fields such as Autonomic Computing and

Self-Organizing Networks. Meta-heuristic based approaches offer efficient solutions for

adaptation problems modeled as search/optimization problems. Multi-agent complex

systems have interesting properties that provide powerful solutions to adaptation prob-

lems when a decentralized approach is adopted.

Four main directions are investigated: a) designing a general model for the service

adaptation problem based on a centralized control approach, b) proposing models and

algorithms for complex decentralized distributed adaptive systems, c) analyzing different

perspectives in decomposing/recomposing an adaptive system in/from several modules,

and d) including psycho-social elements in the framework of technical systems.

Complexity is considered here an orthogonal aspect related to all four directions stated

before. The term complexity is used with two-fold meaning: the first one is the compu-

tational complexity as it is used in Theoretical Computer Science; the second meaning of

complexity is related to distributed decentralized complex systems composed of multiple

autonomous entities. Complexity definitions, specific problems, properties, measures,

and issues are discussed.



The most significant author’s contributions presented in the Thesis are:

• An interdisciplinary vision about complex adaptive systems of services, which also

includes psycho-social aspects.

• An approach for modeling service adaptation as an optimization problem. The

proposed model is based on the notion of service-context distance, which represents

the function(s) to be minimized/maximized by an optimization/search algorithm.

• A comparative analysis of different evolutionary optimization algorithms applied

on the QoS-aware optimization problem.

• Comparative experiments that illustrate the advantages of multi-objective opti-

mization approach versus single-objective optimization.

• An adaptation algorithm for automatically tuning the parameters of other evolu-

tionary algorithms.

• A solution for medical service optimization that combines QoS attributes and

transport costs.

• Two solutions for natural language based web service composition.

• A general architecture for distributed systems of services based on agents and

services.

• New models for Cognitive Radio based on Game Theory. Scenarios for TV white

spaces and small-cell open access environments are investigated.

• A framework providing an adaptive security protocol for Mobile-Cloud applica-

tions.

• A model for a dynamic market of Cloud services based on Cournot and Bertrand

games.

• Adaptive algorithms for Affective Computing applications based on ontologies and

neural networks.

• A computational model called ’Cascade Computing’ that solves the NP-complete

’sub-set sum’ problem in linear time using a digital hardware circuit. The model

was patented.

• An adaptive ’combiner-equalizer’ module for radio receivers. This module illus-

trates the idea of solving in one step two signal processing operations solved usually

in two distinct steps. This idea was also patented.



• An evolutionary game model called ’Social Honesty’ is proposed for analyzing

strategic social interactions in socio-technical systems.

An ecological and holistic approach is the base of the proposed vision for guiding the

future development of technical systems. Future research will continue to explore the

usage of Computational/Artificial Intelligence in general and Game Theory in particular

for solving Software Engineering and Telecommunications problems. Regarding complex

adaptive systems, there are still many challenges and unsolved issues.

Future lines of inquiry are:

• Investigating a hybrid approach for an adaptation control mechanism that will be

both function and rule based.

• Analyzing and experimenting complex adaptation scenarios, where a larger num-

ber of S-C distances are involved. Studying the search/optimization algorithms

scalability.

• Applying the service-context model to decentralized distributed scenarios. Imple-

menting the proposed architecture model based on agents and services.

• Analyzing and comparing different distributed algorithms for complex adaptive

systems.

• Further developing the proposed adaptive security protocol framework for Mobile-

Cloud applications.

• Implementing the dynamic service’s market model and evaluating the impact of

different price models.

• Proposing a general design method for decentralized algorithms based on different

game equilibria.

• Conducting new experiments with the SmartRadio CR devices.

• Performing additional experiments with the proposed ’Social Honesty’ game.

• Finishing a mobile application for psychological therapy that is currently in progress.

• Further analyzing socio-technical interactions and proposing new game-based mod-

els.

A list of co-directed PhD theses is included in Appendix A. A research laboratory called

ASL (Adaptive Systems Laboratory) founded by the author is mentioned. The author

development plan, based on critical and creative thinking for a personalized motivation-

oriented learning, is presented in Appendix B.


