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Abstract

REID associated to ambient intelligence provide the basic interconnected nefwork
infrasiructure for decentralized warchouses management and control. In this paper, we
discuss benefits and barriers of decentralized approaches and how they can be adopted in
warchouses. We examine mechanisms, profocols and architectures that can be used for
warehouse decentralized control. Finally, we propose a warchouse architecture based on
decentralized approach  for warehouses order fulfillment process. This architecture
associates RFID technology with ambient intelligence platform and multi-agent system,

Key words:  Warchouse, Decentralized Approach, Multi-agent System, RFID, Ambient
Inteliigence.

1t INTRODUCTION

Industrial appiications using a decentralized control approach remain extremely rare and the
implemented technologies’ functionalities are usually restricted, owing to their very slow and
limited adoption in industry (Marik and Macfarlane, 2005; Leitao and Vrba, 2011}, One of'the

main barriers o adoption is related to the high investment required to implement these



emergent approaches, which is much greater than that required to implement a conventional
solution (Leitao and Vrba, 2011). Recently pioneer companies such as Walmart, Metro, and
Procter & Gamble have undertaken large scate implementation of RFIY technologies (Sarac el
al, 2010). The potential benefits resulting from these supply chain deployments include cost
reduction; value creation related to inventory accuracy, diminished bullwhip eflfect and
improved replenishment policies. RFID infrastructure provides the basic interconnected
network infrastructure for decentralized control approach. In the present paper, RFID
infrastructure consists of tags, readers, sensors and RFID software. Research m warehouse
management and control using decentralized approaches are significantly lacking. Therefore,
in this paper, we first discuss benefits and barriers of decentralized approaches and how they
can be adopted in warehouses. Then we examine mechanisms, protocols and architectures to
be used for warchouse decentralized control. Finally, we propose warchouse platform
architecture for order fulfilment process in a dynamic environment based on a Multi-Agent

System, ambient intelligence and RFID infrastructure.

2: INDUSTRIAL ADOPTION OF MULTI-AGENT STSTEM

Industrial adoption of agent-based technologies has already been discussed in several papers
Marik and Macfarlane (2005} identify barriers and benefits for using MAS i dynamic and
complex industrial environment. They consider feasibility, robustness, flexibility, and
reconfigurability as the main benefits of using multi-agent systems in industry. Likewise, they
highlight barriers as mcluding costs, operational performance, scalability, commercial
platforms, engineering education, design methodologies and system performance. Weyns et al.
(2009} stresses that, embedding agent-oriented software engineering in sofiware architecture
provides opportunities to amplify industrial adoption of MAS. Finally, Leitao and Vrba
(2011), consider that distributed thinking (centralized and hierarchical oriented), investments
and industrial maturity of Agent technology are the principle reasons for the weak acceptance

of this issue i industry.

Recent advances in RFID technology and ambient intelligence platform have enabled the
development of open and reconfigurable network architecture. These technologies provide the
main characteristics of interconnected structure such as product auto-identification and

resource auto-configuration. Also, we can add the fact that industrial deployment ol an RIFID
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mirastructure ultimately reduces investment costs and justifies ROI (Return On Investments)
(Friedlos, 2008; Kim, and Sohn, 2009). In logistics, ambient intelligence was associated with
RFID technology to enhance warchouse business processes and to perform transparent
interactions with products handled throughout the supply chain (Kim ¢t al, 2008, Bajic,
2009). Typical warehouse management processes is realized through application soflware
packages such as Enterprise Resource Planning systems (ERP), Warehouse Management
Systems (WMS), Transport Management Systems (TMS) and Advanced Planning and
Scheduling (APS) softwares (Helo and Szekely, 2005). These tools are not able to cover
satisfactorily the constraints required by warchouse management and control in terms of
customer satisfactions and system costs (and profits) in dynamic and complex system like

urban distribution centers and logistics city.

Otherwise, we agree that bottom-up or dynamic approaches are considered as the most
suitable for warehouse management and control in dynamic environment (Reaidy et al., 2012).
They are autonomous and consider multi-agent interactions. This concept provides suitable,
adapiable and robust solutions due to improving self~organization resulting from interactions
between interconnected networks (Adam et al., 2011), This concept is totally different from
the conventional approach. An example of this is the system of auctions and negotiations
between agents that indirectly (and organically) generates real-time scheduling, thus rendering
the unneeded position of scheduler. This contrasts intelligence generated by a conventional
approach which is quite localized at the process level. So, extended bottom-up intelligence can
be distributed at product, environment and process levels or distributed at process and
logistic/interaction levels (Massotte et al.,, 2003). Research in warehouse management and
control using decentralized approaches are significantly lacking. RFID associated to ambient
ntelligence and agent technologies provide development of an ideal platform for decentralized
management and control of warehouses in dynamic environment. This opportunity encourages
researchers to develop and refine practical solutions to the industry by developing self-
organizational mechanisms to improve responsiveness, adaptability and robustness of the

platform. This perspective allows accelerating the adoption of these technologies in industry.

3: BECENTRALIZED APPROACH TECHNOLOGIES FOR WAREHOUSE
MANAGEMENT AND CONTROL



Decentralized approach for warchouse management and control associates technotogies and
platforms providing a self-organization behavior and interconnection networks between all
warchouse entities (such as products, resources and information technology nfrastructure).
Muiti-agent systems are considered as the most suitable technologies used for msuring self-
organization behavior in dynamic and complex systems. Agent technology using self-
organization principles has been positively applied to numerous application domains:
simulation, manufacturing, Jogistics, network management, collective robotics, flood

forecasting, and biological modeling (Bernon et al., 2006, Leitao and Vrba, 2011).

Likewise, ambient intelligence or ubiquitous computing provides interconnected systems and
services in the surrounding enviromment to support activities and actor’s interactions (Riva,
2005). Thus, 1t was applied in trade, logistics, industry, transport and healthcare, as well as
personal identification (Friedewald and Raabe, 2011). We can notice that Multi-Agent System
(MAS) was successfully assoctated with the ubiquitous environment in logistics, production,
mobile hardware and healthcare (Jedermann and Lang, 2008; Poon et al., 2009). Indeed,
agents offer features that are much sought by ambient intelligence architecture, like reactivity,
autonomy, pro-activity, the possibility of reasoning and anticipation (Ramos et al., 2008). We
can also mention that decentralized control approach structure was proposed in manufacturing
control systems for resource aliocation problems. It associates MAS with RFID technology
and ambient intelligence platform (Fletcher et al., 2003; Bratukhin et al., 2006).Warehouse
allocation problem can be modeled as a job shop sequencing problem (Zipfel and Wasner,
2006). RFID associated to ambient intelligence provide the basic interconnected network
infrastructure for decentralized warchouses management and control.

Otherwise, the adoption of MAS in dynamic warchouse management and control provides
many benefits, one of the first significant benefits of MAS adoption in warehouse management
and control is the global performance satisfaction. The second benefit is the improvement of
the reliability of order management and fulfillment. This can be satisfied by the fact that order
accuracy, order on-time rates and order completeness will be improved by interconnecting
RFID technology to system agents. The third benefit is the tailoring of warehouse
management costs depending to depend by mastering inventory costs, reducing handling and
nspecting, including priority rules, etc. Other benefits can also be mentioned, as the mitigation

ol internal warchouse risks, the mastering of demand variability, the improvement of customer
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satisfaction. In the next section, we propose a warchouse platform architecture based on a

dynamic approach for order fulfillment management and control.

4: WAREHOUSE PLATFORM ARCHITECTURE

The Warehouse platform architecture proposed associates RFID technology with ambient
intelligence and multi-agent system platforms. It can be discussed in four different layers, as
shown in Figure 1. The physical devices layer consists of all the physical, embedded devices

(1.e. pallets, forklifts, packing machines, trucks).

A4

Figure 1. Warehouse platform architecture

Pallets use passive RFID tags. The information stored in the tag is transmitted to the ERP via
the UPnP middleware. Forklifis, trucks and packing machines will use ambient intelligent
platform to identify pallets and to exchange information with it. The device discovery protocol
is selected to implement the UPnP (Universal Plug and Play) middleware layer which then
interfaces with the devices. The Multi-Agent System (MAS) layer platform Jade comprises
pallet agents, resource agents, control agents, and interface agents. The top-most application
layer refers to all possible user interface applications and ERP. The MAS layer exchanges
mformation with the ERP and Middleware ambient architecture using an EAI middieware and

XML, interfaces,
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5: MULTI-AGENT ARCHITECTURES AND MECHANISMS FOR WAREHOUSE
MANGEMENT AND CONTROL

In this scction, we examine architectures and mechanisms used by agent for warehouse
management and control. An agent is an autonomous, pro-active and smart obiect
representing the pallets and resources in a warchouse. 1t can negotiate {cooperatively or
competitively) with other agents and make decisions using protocols and strategies {auctions,
game theory) to deal with system constraints and advance toward thelr own goals (delivery
time) (Reaidy et al., 2012). Architectures commonly considered in a multi-agent approach
encompass mainly hierarchical, heterarchical and holonic structures. In a hierarchical
architecture, there are multiple levels of master/slave agent type relationships. In heterarchical
architecture, agents communicate on a‘‘peer-to-peer’” maode, without any predefined
master/slave relationship. Holonic is a hybrid structure integrating both hierarchical and
neterarchical architecture. Holonic structure provides robustness, self~organization and self-
adaptation between agents or holons in a dynamic and complex system (Leitao et al., 2009).
Fletcher et al., (2003) describe the implementation of a holonic packing cell using agent and
RFID technelogy. Agents are based on the BDI (Belief, Desire, Intention) model (Bratman,
1987). 1t negotiates and makes decisions with the help of its plan library and knowledge base.
Furthermore, Chow et al., (2007} propose a RFID-multi-agent based process knowledge-
based system (KBS) to solve dynamic logistics process management problems. Encinas et al.,
(2010} propose a management system for warchouses based on MAS enhanced with RFID,
They use an experimental platform composed of a 3D simulation combined with a physical
miniature model developed at the University of Castilla-La Mancha in Spain. Finally, Reaidy et
al., (2012) a holonic architecture for collaborative warehouse order fulfiliment in a dynamic
environment based on a Multi-Agent System (MAS) and RFID infrastructure. Warchouse
order fulfillment process integrates several concepts and mechanisms such as seli-organization
and Negotiation Protocols (NP) between agents based on “coo-petition” and “com-peration”

principles. (see table I).

Tablel. Agents with RFID infrastructure for warehouse management and control
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Game Theory

In this work, warchouse platform architecture associates ambient intelligence with agent
technology. This combination makes the agent more intelligent and cognitive, because of the
real-time connection and the automatic reconfiguration of physical entities within the
environment. As we said before, agents are based on the BDI model.  Agent “Belief” and
“Desire” characteristics are based on perception and information received from a ubiquitous
environment that identities delivery date. Agent “Intentions™ will concern strategics to be used
like decision making rules. In this situation, agents are hybrids (cognitive and reactive) directly
responsible for piloting a functional, self~organized system. They co-create the decision and
negotiation mechanisms for dynamic resource allocation with other agents. The hybrid nature
of an agent is revealed by its interactions with its environment and its strategies which can
include cooperation, competition, “coo-petition” and “comp-eration”. “Coo-petition” is a
contraction of cooperation and competition (Brandenburger and Nalebuff, 1996). “comp-
eration” is the contraction of competition and cooperation (Reaidy, 2003; Zouaghi ct al.
2010).

principle from that of “coo-petition”, Providers initially adopt a competitive strategy to ensure

Reversing the order of these two sirategics creates a new, comgpletely different

their individual interests. These same suppliers progressively adopt more collaborative
strategies  when  price  competition increases and production demands become more
chatlenging. Generally speaking, an agent can and will switch from a cooperative strategy to a

competitive one during its existence to satisfy its interests and achieve its objectives.



RIRI.2012- Reaidy-Zouaghi-Spalanzani Final Presentation.doc

Agent Architecture

B :.__'R_eq;xy.-'s't Scss_ip_n: :
Wb Real Time 70
o Indormation

euistics, Austions |
Game Theory 00
ization Algorhms

Figure 2. Categories of negotiations and decisions used by Agents

Figure 2 shows the different categories of decision that can be used by an agent in the system,
As stated above, different agent negotiation protocols can be summed up as cooperation,
competition, comp-eration and co-opetition. In the case of cooperation, the agents' decisions
take mto account other agents’ priorities, when, for exampie, participating in a "Request
Session”. The main goal of the request session is to provide negotiating agents with real-time
information over a given period of time before final decision making is completed, for more
details see (Reaidy et al., 2006). Thetr decisions may be altruistic or consensual. In the second
case, that of competition, decisions are opportunistic and may be based on dispatching rules
such as "First-Come First-Served” (FCFS), "Shortest Processing Time” (SPT), heuristics,
optimization algorithms or even on game theory. In the case of “coo-petition”, the agent starts
by cooperating, during a Reqguest Session, prepares {or aliocation of its next {ask, and then
completes the process with competition specific rules and mechanisms during final decision

making,.

6: SYSTEM MODELING APPROACHES

In our model, order fulfillment concerns only pick/pack/ship process. 1t is generated by an
ERP system, Warechouse uses an UPnP ambient environment middleware for exchanging
information between devices, ERP, and multi-agent system. Agents will represent orders
fulfillment, pailets and different resource devices of the system such as forkhifls, packing
machines and trucks. So we consider that the process starts once an Order Fulfiliment is

released by the ERP to the Warchouse (see figure 3).
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Figure 3. Multi-Agent Architecture for Order fulfiliment process

The Order Fulfiliment is analyzed by the Agent: Order Fulfiliment Agent Supervisor, Then it
creates an Order Fullillment Agent corresponding to the Order Fulfiliment. This generates a
set of Pallet Agents for each Order Fulfillment. Pallet Agent is assigned to the real and
physical pallet. 1t follows the physical pallet; it negotiates and schedules for it all its next
processing tasks. Each resource is represented by Resource Agent. Tasks provided by
resource ern picking, packaging and shipping. The Control Point Agent represents UPnP
control poimnt architecture. It is used to control and to communicate general information about
devices Jocation status and their services in the warehouse. Order Fulfillment Agent
Supervisor is responsible for the management of Order Fulfiliment Agent lifecycle. It has a

connection to the ERP to receive new order fulfillment or changes and to inform about the
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state of running ones. The development of this platform is funded by the Rhéne-Alpes ARCT

{Academic Research Communities) project.

7: CONCLUSION

In this paper, we show that warchouses decentralized management and control can be
effectively performed by assoctating RFID technology with ambient intelligence platform and
multi-agent systems. Afier presenting MAS industrial adoption to highlight the fact that it
provide characteristics of interconnected structure such as auto-identification and auto-
configuration, or also-auto-organization, we point that decentralized oriented technologies for
warehouse management and control provide several benefits the improvement of the reliabifity
of order management or the mitigation of internal warchouse risks, This has lead us to present
warchouse platform architecture, which has been addressed through different fayers, namely
the physical device layer, the middleware layer, the MAS layer and the application sofiware
layer. Then, mechanisms for warchouse management and control concerning MAS

architecture were presented, to end up with agent architecture and system modeling approach.

This model allows accelerating adoption of these concepts in industry. So, the warchouse
architecture based on decentralized approach for warchouses order fulfillment process that
was proposed develops and combines existing architecture Jayers with a middleware layer
represented by a multi-agent system. This proposal encourages researchers to refine practical
solutions to the industry by developing self-organizational and re-configurability mechanisms
to improve robustness of decentralized control platforms. Agent-based model proposed in this
work will be evaluated and validated through simulation via a warehouse platform architecture

developed within the ARC7 Rhéne-Alpes-funded project.

REFERENCES



O

O

&

G

O

RIRIL.2012- Reaidy-Zouaghi-Spalanzani Final Presentation.doc

Adam, E., Berger, T, Sallez, Y., Trentesaux, D., (2011). Role-bascd
manufacturing control in a holonic multi-agent system. lniernational Jouwrnal of
Production Research, 49 (5), 1455-1468.

Bajic, E. (2009). A Service-Based Methodology for RFID-Smart Objects
Interactions in Supply Chain, International Jowrnal of Multimedia and
Ubiguitous Engineering, 4 (3), 37-59.

Bernon, C., Chevrier, V., Hilaire, V., Marrow, P. {2006). Applications of self-
organising multi-agents systems: An initial framework of comparison.
Informatica, 30 (1), 73-82.

Bratman, M.E., 1987. intentions, Plans and Practical Reason. Harvard
University Press, Cambridge, M.A.

Bratukhin, A, Treytl, A. (2006). Applicability of RFID and Agent-Based
Control for Production Identification in Distributed Production; ETFA 06.
TEEE Conference on Emerging Technologies and Factory Automation; Seiten,
1198 ~ 1205,

Brandenburger, A.M., Naiebuff, B.J. (1996). Co-opetition. Doubleday, Bantam
Doubleday Dell Publishing Group, New York.

Chow, H. K. H,, Choy, K. L., & Lee, W. B. (2007). A dynamic logistics
process knowledge-based system: an RFID multi-agent approach. Knowledge-
Based Systems, 20(4), 357-372,

Encinas, J.C., Garcia, A., Morenas, 1. (2010). Improvements in Operations
Management Applied to a 31D Simulation Connected to a Physical Platform.
Journal of Intelligent Manufacturing, 1-12 .

Fletcher, M., McFarlane, ., Lucas, A., Brusey, J., Jarvis, . (2003). The
Cambridge packing cell-a holonic enterprise demonstrator. In: Mank, V.,
Miiller, 1., Pechoucek, M. (Eds.), Mulri-Agent Systems and Applications 111,
Lecture Notes in Artificial Intefligence, Springer, Berlin, 2691, 533--543.
Friedewald, M., Raabe O. (2011). Ubiquitous Computing: An overview of
technology impacts, Telematics and Informatics 28 (2), 55-65.

Friedlos, 1., 2008. New Zealand Kiwifruit Processor Finds RO, RFID journal.

(g www arfidjournalcom/artcie/prini/40ua)



@]

O

O

O

@)

O

&

O

RIRIL.2012- Reaidy-Zouvaghi-Spalanzani Final Presentation.doc

Helo, P., Szckely, B. (2005). Logistics information systems: An analysis of
software solutions for supply chain co-ordination. Indusirial Managemenr &
Data Systems, 105(1), 5 18.

Jedermann, R., Lang, W, (2008). The bencfits of embedded intelligence -
Tasks and applications for ubiguitous computing in logistics, in 10T 2008,
LCNS 4952, C. Floerkemeier, Ed. Berlin Heidelberg: Springer-Verlag,, 105-
122.

Kim, C., Yang, K., Kim, I. (2008). A strategy for third-party logistics systems:
A case analysis using the blue ocean strategy. Omega, 36, 522-534.

Kim, H. S., Sohn, S. Y. (2009). Cost of ownership model for the RFID
logistics  system applicable to u-city. Furopean Journal of Operational
Research, 194 (2), 406-417.

Leitao, P., Vrba, P. (2011). Recent Developments and Future Trends of
Industrial Agents. Holonic and Multi-Agent  Svstems  for Manufacturing.
Lecture Notes in Computer Science, Springer, Berlin, 6867, 15-28.

Marik, V., McFarlane, D. (2005). Industrial adoption of agent-based
technologies. [EEE intelligent spstems, 20(1), 27-35.

Massotle, P., Reaidy P.J., Liu, Y. J., Diep, D. (2003). Intelligent Agents for
Production Systems, in Iatelligent Agent-based Operations management, S.
d’Amours and A. Guinet {eds), Hermes Penton Science, 147-164.

Poon T.C., Choy KL, Chow Harry K.H., Lav Henry CW. Chan Felix TS
Ho K.C. (2009). A RFID case-based logistics resource management system for
managing order-picking operations in warchouses, FExpert Svstems with
Applications, 36 (4), 8277-8301

Ramos C., Augusto ).C., Shapiro D. (2008). Ambient intelligence - the next
step for artificial intelligence. JEEE Intelligent Systems, 23 (2), 15-18.

Reaidy P.J. (2003). Etude et mise en oeuvre d’une architecture d’agent en
réseau dans les systémes dynamiques situés: pilotage des systémes de
production complexes. Ph.D). thesis, Université de Savoie, France.

Reaidy P.J., Massotte P., Diep D. (2006). Comparison of negotiation protocols
in dynamic agent-based manufacturing systems, International Journal of

Praduction Economics, 99 (1-2), 117-130.



Q

O

@]

&}

RIRL2012- Reaidy-Zouaghi-Spalanzani Final Presentation.doc

Reaidy, P. J., Gunasekaran, A, Spalanzani, A., (2012). Bottom-Up Approach
based on a Multi-Agent System for Order Fulfillment in a Collaborative
Warchousing Environment. Preprints of the [17th International Working
Seminar on Production Economics, Innsbruck, February 20-24, 2012, 225-230.
Riva, . (2005}, The psychology of Ambient Intelligence: Activity, situation
and  presence. In, Ambient lntelligence: The cvolution of technology,
communication and cognition towards the future of the human-computer
mteraction. Riva, G., Davide, F., Vatalaro, F., Alcafiiz, M. (I2ds.) 105 Press,
17-33.

Shen W., Hao Q., Yoon H.I., Norrie D.H. (2006). Applications of agent-bascd
systems in iatelligent  manufacturing:  An  updated review. Advanced
Engineering Informatics, 20:415-431.

Weyns, 1., Helleboogh, A., and Holvoet, T., (2009), How to get multi-agent
systems accepted in industry?, Imternational Jowrnal of Ageni-Oriented
Software Engineering , 3(4), pages 383 — 390,

Zouaghi 1., Saikouk T. and Spalanzani A. (2010), Interdependencies and
Supply Chain Bipolar Strategies: Between Co-opetition and Com-peration, In «
Pioneering Solutions in Supply Chain Management: A Comprehensive Insight
into Current Management Approaches », Erich Schmitdt Verlag (ESV), Berlin,

. 156-169,



