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Holonic and Multi-Agent technologies for service and
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André Thomas, Theodor Borangiu, Damien Trentesaux
andre.thomas@univ-lorraine.theodor.borangiu@cimr.pub,rdamien.trentesaux@univ-valenciennes.fr

This special feature aims at shedding light on eeverging holonic and multi-agent systems
operating in a service- and computing oriented rfagturing environment, using the latest
ICT technologies such as service-orientation, neolijents, Web- and Cloud services,
virtualization, big data and analytics to namea. fe

Industrials are seeking for models and solutiorsd #re not only able to provide efficient
overall production performance, but also to facactieely a growing set of unpredicted
events. The demand for large scale industrial systeinning in complex and even chaotic
environments requires the consideration of new gignas and technologies that provide
flexibility, robustness, agility and responsivenddslonic systems are, actually by definition,
targeting challenges that include coping with tletelngeneous nature of manufacturing
systems and their on-line interactive nature in loimiation with competitive pressures. Multi-
agent systems is a suitable implementing appraacudress these challenge by offering an
alternative way to design control systems, basetherdecentralization of control functions
over distributed autonomous and cooperative estitie

Moreover, virtualization of manufacturing executisystem workloads offers a set of design
and operational advantages to enterprises, the misgtle being improved resource
utilization and flexibility of the overall solutionAt the manufacturing execution system
level, cloud computing adoption refers mainly totwalization of MES workloads. While
MES implementations are different and usually depéinectly on the actual physical shop
floor layout, the general MES functions are aligméth the set of functions defined by ISA-
95.03 specification. To achieve high levels of prdsity growth and agility to market
changes, manufacturers will need to leverage BitaBats to drive efficiency across the
networked enterprise. There is need for a framewallkwing the development of
manufacturing cyber physical systems that inclualgabilities for complex event processing
and Big Data analytics, which are expected to mibve manufacturing domain closer to
digital transformation and cloud services witthie contextual enterprise.

On the other hand, service orientation is emergihgnultiple organizational levels in
enterprise business, and leverages technologysponse to the growing need for greater
business integration, flexibility and agility of mafacturing enterprises. Close related to IT
infrastructures of Web Services, the Service OeeriEnterprise Architecture represents a
technical architecture, a business modelling con@pintegration source and a new way of
viewing units of control within the enterprise. Bwsss and process information systems
integration and interoperability are feasible bysidering the customized product as "active
controller" of the enterprise resources — thus joling consistency between material and
informational flows. The areas of Service Orien@@ammputing and Multi-agent Systems are
getting closer, both trying to deal with the samedkof environments formed by loose-
coupled, flexible, persistent and distributed tagiks example is the new approach of Service
Oriented Multi-agent Systems (SOMAS).



Following the &' edition of the workshop SOHOMA 2014 in Nancy, tsisecial feature
contents 4 papers illustrating Holonic and Multieky technologies for service and
computing oriented manufacturing.

One important research activity in the field foausen holonic manufacturing control
implemented with multi-agent systems that coupledpmtive/proactive and reactive
mechanisms into agents/holons. All mechanisms hegath establish predictive plans and to
react to unpredicted events occurring on the shogr fwill have a distributed approach.
Meanwhile, not enough attention is paid to theraation of this coupling. The aim of the
first paper entitled “Coupling predictive schedgliand reactive control in manufacturing
hybrid control architectures: state of the art &ndre challenges”, written by Olivier Cardin,
Damien Trentesaux, André Thomas, Pierre Castaghery Berger, and Hind Bril El
Haouzi, proposes a literature review useful to ciefbie main research challenges that are to
be addressed before expecting a large industredediination. Relying on an extensive
review of the state of the art, three main chakksngre highlighted: the estimation of the
future performances of the system in reactive mdbe, design of efficient switching
strategies between predictive and reactive moddgtendesign of efficient synchronization
mechanisms to switch back to predictive mode.

The second paper of this special feature, entitRelsource scheduling based on energy
consumption for sustainable manufacturing” , hasnberitten by Silviu Raileanu, Florin
Anton, Alexandru latan, Theodor Borangiu, Silviatém, and Octavian Morariu. It proposes
an agent-based approach for measuring in realeémeegy consumption of resources in job-
shop manufacturing processes. Data from industiadts is collected, analysed and assigned
to operation types, and then integrated in an apétion engine in order to estimate how
alternating between makespan and energy consumpsonbjective function affects the
performances of the whole system. This study fosuse the optimization of energy
consumption in manufacturing processes through atipper scheduling on available
resources. The decision making algorithm reliesaotecentralized system collecting data
about resources’s status and quality of serviogg pinovide, implementing thus an intelligent
manufacturing control system; the optimization peab is implemented using IBM ILOG
OPL.

Offshore wind farms are a growing source of enewgyich aims to ensure clean energy with
a low environmental impact. In this context, thedtpaper entitled “Impact of spare parts
remanufacturing on the operation & maintenanceoperédnce of offshore wind turbines: A
multi-agent approach”, written by Mohammed Dahakéhiammed Sahnoun, Belgacem
Bettayeb, David Baudry, Hamza Boudhar, investigaigsortunities of the turbine gearbox
end of life-cycle to improve the operation and nhemance strategies. It highlights how to
determine the impact of spare part policy basedtle remanufacturing of gearboxes
recovered after each replacement. In this conte&tremanufacturing implementation allows
the extension of the gearbox life-cycle and inveleebetter t organization and coordination
between maintenance, monitoring, operation andespart supply chain to determine the
best way to use each gearbox of each wind turlsimally, this paper presents a multi-agent
based approach to analyze the impact of the spats pemanufacturing strategy on the
performance of an offshore wind farm in term o&tatost and carbon footprint.

Supply chain network design and programming isreect issue that many practitioners have
focused on and provided novel contributions. Thetfoand last paper of this special feature,
entitled “Evolutionary Fuzzy Intelligent System fbtulti-Objective Supply Chain Network
Designs: An Agent-based Optimization State of th& Written by Mosahar Tarimoradi, M.



H. Fazel Zarandi, Hosain Zaman, |.B. Turksan, pressea state of the art of agent-based
optimization techniques. It puts forward a classfufzy multi-agent systems capable to
transpose in practice decision makers’ strategié#h wdaptation to the value chain
environment. The main capabilities of this systesside in the facts that it interactively
fulfills the decision makers’ recommendations basedts robustness in optimization, self-
tuning and learning facilities, adaptation to amceeness of the changes in environment.

Holonic Manufacturing Systems (HMS) and Servicee@ted Architectures (SOA) are
currently two of the most studied and referencetlitmms for the next generation of
manufacturing systems; both of these solutions ideothe necessary guidelines to create
open, flexible and agile control environments fog smart, digital and networked factory.
The papers of this special feature have highlightest already several industrial and
scientific applications in the domain of holoniamufacturing have been implemented, have
proven their reliability and capacity to rend maunifiring processes sustainable.
Nevertheless a lot of challenges (scientific asl wslapplicative) still exist and especially
concerning the joint use of predictive and reactistributed control systems. The future of
these research works will have to determine howerwhnd for what the control should
switch between traditional ERP systems and new rgbngystems with distributed
intelligence.



