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Abstract The concept of smart Cities is one that relies on the use of new Information and Communication Technologies in order to improve services that cities provide to their citizens. The resilience of a city is one of the services that it can provide to its citizens. Resilience is defined as its capacity degree to continue working normally by serving citizens when Extreme Events (EEs) occur. This chapter will propose a new framework based on multi-agent systems to help cities build simulation scenarios for rescuing citizens in the case of an EE. The main contribution of the framework will provide a set of models, at different levels of abstraction, to reflect the organizational structure and policies within the simulation, which involves the integration of truly dynamic dimensions of this organization. The framework will also propose methods to go from one model to another (conceptual to simulation). This framework can be applied in different domains, such as smart cities, earthquakes, and building fires. 
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1. [bookmark: _Toc378425976]Introduction
Smart Cities is a concept that relies on the use of new Information and Communication Technologies by cities in order to improve services that cities provide to their citizens. One of the services that cities have to provide to their citizens is their resilience. The resilience of a city is defined as its capacity degree to continue working normally by serving citizens when Extreme Events (EEs) occur. The management of Extreme Events (EEs) is becoming more complex since EEs are becoming more frequent and more powerful. These events may be caused by either nature like storms or earthquake, or humans like wars or airplane crashes. When happening, these events require the intervention of different teams to rescue people such as police, fire-workers, Non Government Organizations (NGOs) like Red Cross, etc. Meantime, these emergency teams have to collaborate and coordinate their activities to better rescue people. However, these teams have different skills, use different tools, adopt different strategies, and play different roles. All this heterogeneity adds a lot of complexities to the rescuing activity. To this end, these teams will need tools to help them making efficient interventions. Simulations are one of the means that can be used by these teams to predict their behaviour during an EE.  
[bookmark: _GoBack]Over the past few decades, EEs such as droughts, floods, cyclones, earthquakes and volcanic eruptions have resulted in the mortality of approximately three million people and affected the lives of 800 million people worldwide. These have caused diseases as well as serious economic losses and homelessness. Therefore, modeling and simulating the rescue procedure may help to facilitate their management and limit their impact on the society. These simulations may improve the efficiency of the teams on the field that may lead to reducing losses and damage of goods, and saving lives. Multi-agent systems (MAS) are among the techniques used for modeling and simulating EE emergencies. 
A MAS can model the behaviour of a set of entities expert, more or less organized by respecting the laws governing their relations [5]. Agents have a degree of autonomy and are immersed in an environment in which and with which they interact [4]. There are several areas where MAS can be applied; they can act as a modeling paradigm or as a solution for software implementation. Therefore, the application of MAS in this area could help managers to experiment all possible scenarios of a disaster and assist them in making decisions. This approach involves the simulation of systems in terms of models and their use. 
Agent-Based Simulation (ABS) [24] has spread out into many areas, including sociology, biology, economics, physics, chemistry, ecology, industrial applications and EE. ABS have the ability to capture different dynamic models which usually consist of simple entities (called reactive agent if a simple behaviour is required) or more complex entities (called deliberative agent if decision-making and negotiation are needed). The global objective of this chapter is to provide a methodological framework that ranges from domain model analysis to running a simulation while considering the different entities that can make an intervention in the case of an EE.  In [20], we proposed a specific agent-based methodological framework allowing, from modeling to simulation, the production of observables at different levels of details related to an EE rescuing activity. The proposed framework in this chapter is an extension of our previous work [20] with the objective to integrate dynamic organizational characteristics of an EE rescuing activity in the modeling and simulation procedures. It will also include the specification of the translation process from generic models to specific models, to ensure the transition between the proposed models. 
This chapter is structured as follows: Section 2 defines the objectives of the research and related concerns modeling and simulation of EE. Section 3, introduces an organizational-oriented methodological framework, which is capable of taking into account the organizational aspects at both the conceptual and the operational abstraction levels. Section 4 describes the dynamic EE organization. Section 5 introduces a model driven architecture to transform the models proposed in the methodological framework. Section 6 details the agent-based software architecture in line with the proposed methodological framework, to simulate EE’s organizational aspects. Section 7 presents an illustrative example of the proposed software architecture through the modeling of a building fire. Finally, conclusions and recommendations for future work are summarized in Section 8.
2. [bookmark: _Toc378425977]Smart cities and resilience plans
Smart city is an emerging strategy, based on information and communication technologies that cities are adopting to mitigate the problems generated by the urban population growth and rapid urbanization. This emerging concept is a type of urban development able to meet the needs of institutions, businesses and citizens, both economically, environmentally, and socially. We can described a smart city when we investments in human capital, traditional communication, energy social infrastructure and a high quality of life, with a wise organization of natural resources, and through participatory governance [footnoteRef:1]. [1:  http://en.wikipedia.org/wiki/Smart_city] 

There is an increase in frequency of use of the phrase smart city; there is not a clear and reliable understanding of the concept in the middle of academia. A limited number of studies investigated and began to systematically consider questions related to this new urban phenomenon of smart cities. 
The concept is used all over the world with different nomenclatures, the context is still emerging, and the research work of defining and conceptualizing it is in evolution [45, 46]. Several work definitions have been put forward and adopted in academic use. This discord of definitions is resulting in calls for conceptual research in this regard [45]. 

· A city well performing in a forward-looking way in economy, people, mobility, environment, governance, and living, built on the smart combination of endowments and activities of self-decisive, independent and aware citizens. [47]
· A city that monitors and integrates conditions of all of its critical infrastructures, for example, roads, bridges, tunnels, rails, subways, airports, seaports, communications, water, power, even major buildings, can better optimize its resources, plan its preventive maintenance activities, and monitor security aspects while maximizing services to its citizens. [48]
· A city “connecting the different infrastructure, like physical, IT, social and the business to leverage the collective intelligence of the city” [49].
· A city striving to make itself “smarter” (more efficient, sustainable, equitable, and livable) [45].
· Use of Smart Computing technologies to make the critical infrastructure components and services of a city-which include city administration, education, healthcare, public safety, real estate, transportation, and utilities-more intelligent, interconnected, and efficient [50].
To become smart, existing cities should develop new efficient services in all areas such as: 
· Intelligent transport and mobility one of the challenges is to integrate different modes of transport - car, cycle and walking - in one system that is efficient, accessible, affordable, safe and environmentally. This integration allows a reduced environmental, optimizing the use of urban space and offers a diverse range solutions of urban mobility that meet all their needs. In addition, the city will have to implement the latest technologies of transportation and electric mobility;
· Environmental sustainability: cities must act in two main areas: waste and energy. On waste, cities mission will be to reduce or avoid their waste and put in place effective systems for recovery and recycling of waste (process by which a material waste or a useless product is transformed into a new material or product quality or greater value).
· Responsible and intelligent urban habitat: the high value of property in city centers combined with the limited availability of land make the complex current urbanization. For example, buildings must be smarter to facilitate and improve the management of energy, or reduce consumption.
3. Agents and organization oriented EE modelling and simulation
A multi-agent based system is a powerful modeling technique for simulating individual interactions in a dynamic system and is distinctive in its ability to simulate situations with unpredictable behaviour [16].
Previous researches have focused on modeling of the rescue during NDs. However current technological developments allow envisioning systems approach that includes modeling of all aspects of an extreme event, from its impacts on the resources, population to the required response by the involved agencies. ABS approach can help to model and simulate these aspects and it allows simulation designer to model different levels of representations, such as individuals and groups of individuals. Hence, agent-based modeling allows capturing the dynamic nature of the EE and facilitates the study of numerous resource coordination associated with the interaction of multiple teams [18]. 
3.1 [bookmark: _Toc378425978]Agent-Based EE Frameworks
Even if, agents are used in the simulation of EEs, few researchers have proposed a framework to support both the design and the implementation of the EE simulation. Two studies are presented hereafter: 
· ABDiSE (Agent-Based Disaster Simulation Environment) is a framework that provides model elements and tools to support the modeling and the simulation of different types of natural disasters such as fires, floods and debris flows. This tool describes how agents move, attach, and interact with each other and with their environment [9]; 
· D4S2 (Dynamic Discrete Disaster Decision Simulation System) is a comprehensive decision support system to simulate the large-scale disaster responses. This model has a specialized architecture designed for decision makers who can be public safety service officials such as fire and police [25]. More precisely, the proposed architecture integrates several models such as: an agent-based simulation model, a geographical information system (GIS) data bases, and a rule based system for responders and optimization modules to create a hybrid system of agent-based and discrete simulation components.
3.2 [bookmark: _Toc378425979]Agent Oriented Frameworks
The organizational modeling in multi-agent systems is based on the management of a process metaphor that underrates the organizational structure [20]. A more general study of agent oriented software engineering methodologies, undertaken in order to find conceptual and operational solutions, has confirmed that organizational issues were added to the actor approach. This approach is the basis of a methodological framework for helping the domain experts to design their models in their own language, as well as transitional agent-based models which are used to produce the distributed simulation model on which experiments are conducted [15]. Methods like GAIA [26], CRIO [7], MOISE+ [10] or the Luis Antonio’s work [1], provide only a part of the solution for the required objectives. Most of these approaches use the notion of roles in order to promote the flexibility in the design process, even with different abstraction or hierarchical levels. As an abstract view of the distributed organization, roles can be combined and associated to the agents' specific architecture, from complex information processing units (i.e. with deliberating capacities) to simple programmable units (reactive agents or state-machine like automata).
3.3 [bookmark: _Toc378425980]EE Specific Models
There exist other EE models that do not use the agent approach as a method for modeling and simulating complex problems, such as emergency responses, evacuations, fires, traffic events, earthquakes and flooding. Among these approaches, we mention: 
· Emergency Response Framework [11]: this framework allows the integration of modeling, simulation, and visualization tools for emergency response. The development and implementation of this framework should significantly improve the nation’s capability in the emergency response area. 
· Buildings evacuation models: there are more than 26 models that have focused on simulating building evacuations. Many of these models are used to simulate evacuation procedure from different types of structures. Featured models include: EVACNET4, WAYOUT, STEPS, PedGo, PEDROUTE, Simulex, GridFlow, ASERI, FDS+Evac, Pathfinder, SimWalk, PEDFLOW, buildingEXODUS, Legion, SpaceSensor, Evacuation Planning Tool (EPT), MassMotion, PathFinder, Myriad II, ALLSAFE, CRISP, EGRESS, SGEM, Evac/FDS, Massegress, Hidac [14].
· Traffics model: there are three main approaches for the modeling and simulation of traffics: T
· The macro simulation approach, also referred to as macroscopic [8];
· The micro simulation approach also referred to as microscopy [2, 13]; 
· The mesoscopic approach [3] that is widely used in the economic research and studying patterns of movement.
3.4 [bookmark: _Toc378425981]Limitations of the Presented Methods
From the above literature review, we found that the different presented models can be improved at different levels: 
· The different presented methodologies do not take sufficiently into account the purely organizational aspects of an EE, i.e. explicitly including the structure and organizational dynamics, particularly those related to the behaviour of actors or agents, behaviours generally associated with multiple roles. 
· The presented methodologies do not take into account observable and indicators specific to the organization of the natural disaster. Observables and indicators are data and information used in ongoing decision processes, which need to be highlighted in the simulation results. 
· The presented models lack of aspects of evaluation. In evacuation modeling, validation refers to a systematic comparison of model predictions with reliable information [28]. Model predictions are dependent upon the data and codes of the evacuation model and the user of the evacuation model. The lack of suitable experimental data to feed the evacuation modeling causes a challenge. 
· The fourth element to be improved is related to the presentation of occupants in the evacuation models. Accurate occupants’ representation based on comprehensive anthropometric data and human performance and behaviour should be used in evacuation modeling to provide additional level of validity to the models. Otherwise, building codes and standards should be reformed according to the dynamic changes of individuals’ ages and sizes. 
· The interoperability between emergency response modeling and simulation applications is currently extremely limited such as for example the interoperability between different models such as fire model, evacuation model). 
· The cost of transferring data between emergency response simulation software applications is often very high. 
· The emergency response organizations usually do not have the technical expertise or the time for building simulation models [11].
Therefore, this study proposes a solution to overcome some limitations related to organizational dynamics, interoperability, and transferring data in order to allow modeling / simulation of more "corporate" management after an EE occura. 
4. [bookmark: _Toc378425982] A methodological framework for EE organizational aspects modeling and simulation
The proposed modeling approach is based on an incremental process to deal with the complexity in the modeling and implementation simulation process of EE. The proposed approach relies on a gradual increasing of the level of details in the models. The real system is represented by a domain model of EE (e.g. an UEML model -Unified Enterprise Modeling Language -www.ueml.org) to represent the organizational aspects. In our previous work, an organizational methodological framework for modeling a complex system was proposed, which was according to two main abstraction levels: a conceptual and an operational levels [20]. Using the domain model provided by the domain expert, a simulation model is built step by step. The conceptual level proposes concepts and models helping to grasp the complexity of the problem and its simulation objectives. Whereas the operational level involves the implementation of the simulation model which includes the software integration issues. The different models and the transition to agent-oriented modeling and simulation in our methodological framework are presented in Fig 1 (refer to [20] for further details). 
The modeling of the organizational Concepts is engaged through a dialogue between the domain expert and an agent-knowledgeable modeller. Identifying the active entities and their organizations from the domain model produces an actor model. The modeller translates/abstracts the domain model into a Conceptual Organizational Model based on (hierarchical) levels, actors, roles and groups named Conceptual Role Organizational Model (CROM) (Fig. 2) (refer to [20] for further detail). This stage highlights the organizational structure of the EE as wells as the structural and dynamic relations between the entities composing the EE. Following this conceptual model, an agent-based model is produced on the basis of observables that the user needs to obtain from the simulation, building up the route toward the implementation of the simulation.
	[image: ]
[bookmark: _Ref362162400][bookmark: _Ref355616063]Fig 1.A Methodological Framework for ND
The software designer details the Conceptual Agent Organizational Model (CAOM) by associating a conceptual agent with a software agent architecture (e.g. BDI - Believe, Desire, Intention - [23]) and specifying their behaviorus (e.g. an UML - “Unified Modeling Language” - activity diagram for a reactive agent) and interactions (e.g. AUML - “Agent Unified Modeling Language” - sequence diagram [21]), resulting in an Operational Agent Model (OPAM). The implementation of these models in a simulation(s) environment results in an ABS system that can be executed. The observables that are related to the organizational structure of a real system are not described in the design model [15]. They are only mentioned in the multi-agent system model, i.e. one step before the implementation stage. It is necessary to describe them earlier in the modeling process (at a conceptual and operational level) as they may induce different modeling requirements. 

[image: ]
[bookmark: _Ref357602817]Fig. 2. CROM Metamodel [refer to [20] for further detail]


Our work can be summarized as the enrichment of the proposed methodological framework, which would include the specification of the translation process to ensure the transition between the CROM models, CAOM and OPAM (proposed in the methodological framework models) [20] using MDD (Model Driven Development [6] or MDA (Model Driven Architecture) [17]. Further, a decision making criteria has been proposed for the transformations, however more extensive experiments are required to define explicit rules which facilitate the work of modellers and computer scientists. As for the concepts and techniques of model-driven engineering, this could be implemented using tools such as ATL [13]. Another objective was the consideration of the organization in the simulation of EE which involves the integration truly dynamic dimension of the organization by making more explicit organization's image that offers [22] by combining A & A [19] and Moise + [10].
5. [bookmark: _Toc378425983]Dynamic EE organization
In this section, we solve one of the problems presented in section 2.4, which involves the integration of truly dynamic dimensions of the organization in the methodological framework proposed in [20]. The dynamic organization is composed of levels that include one or several groups. Each group contains the actors of the CROM model (presented by the agent or a group of agents in the CAOM model) where each agent can play several roles and a role can be played by different agents. The organization, the group and the agent can generate observable (quantitative or qualitative). An observable is characterized by the activity it monitors (quality, cost), its quantitative or qualitative nature that requires defining its measuring units and the authorized values (whole or real number if quantity, list of values if qualitative) and finally its dated value. A role can provide services to other roles in the same group. Relationships can be developed between agents; every agent may receive an invitation to join a group such as police, fireman, first aid, evacuation or traffic. An agent can communicate with another agent when needed to own business process (collaboration). In this case, agents are invited to join a group to meet some order. During the communication process, all agents are competing with each other that may orient their behaviour, their business volume and their capability. Also, during the modeling and simulation of EE, all the agents are able to ensure the success of the final management plan and collaborate to resolve problems. Agents can join or leave a group when the requested tasks are completed. Then, groups can be automatically created in case of two agents intend to communicate in a new group and vice versa. In the case of a group that contains two agents that have completed their work, this group can be terminated. Therefore, in our methodological framework, the organization can be changed during the simulation including agents joining and leaving groups, changing the agents’ behaviours and rules, and removing/adding groups.
6. [bookmark: _Toc378425984]Model transformation using model driven architecture: From CROM to CAOM
In our research we propose to use MDA (Model Driven Architecture) to transform models in order to ensure the interoperability between the proposed models and transferring the data between these models without any loss of information (Limits presented in the section 2.4). The MDA approach can be seen as a "pragmatic" framework for the implementation of the transformational approach. It advocates the development of software for model transformations. The basic idea is to separate the specification of the functions of a system for the implementation of these functions on a specific platform. Thus, during the development of a system, the desired functionality must be specified independently of the platform (i.e. business model). The platform must also be described by models. We choose a particular platform for the system and the Platform Independent Model (PIM) is converted into a Platform Specific Model (PSM). MDA proposes getting into abstraction by manipulating models and building applications by processing models. MDA offers different approaches to transform models. 
The approach to transform the PIM to PSM is based on two steps: first mark the PIM, and second transform the PIM. A brand is a concept of a platform and it is used to mark a PIM to indicate how the element should be changed. These marks are defined in a model that describes the target platform. When a platform is chosen, the brands associated with it are then used to mark the elements of PIM to guide transformation to PSM. A marked PIM is then transformed to get the PSM. 
	[image: ]
[bookmark: _Ref355701090]Fig. 3.Transformation model: CROM to CAOM
In Fig. 3, we illustrate the transformations between CROM and CAOM models using MDA. Firstly we marked the PIM model (CROM), and then transform it to PSM or CAOM model. The principle transformation task is to decide about the role that should be included in the CAOM model. Roles can be combined into one or several agents, according to the kind of behaviour that is expected to be studied (simple or complex). The second task of this transformation to CAOM model is related to the transformation of the relationship between the CROM actors. Thus, CROM relationships are transposed into agents as interactions while keeping their classification; we used observables to filter the reactive agents and deliberative agents.  Then, we transform the conceptual model (CAOM) to an operational model. The operational model provides a solution for implementing the conceptual model (CAOM). This step has led to the development of an operational model based on agents and that includes the choice of the agent architectures. For the representation of agents and their behaviour at the operational level, we propose a modeling approach that allows differentiation between reactive agents and deliberative agents.
[image: ]
[bookmark: _Ref357624382]Fig. 4. CAOM Metamodel [refer to [20] for further detail]

The transformation between different models (CROM, CAOM, OPAM) can be considered as a new communication tool between modellers and developers. The objective of CAOM is to specify the behaviour of each CROM actor. It involves “filtering” the CROM model to only retain actors that have some interest for the simulation along with the desired level of detail of their behaviours. Thus, it highlights the quantitative / qualitative observable data relevant to the objectives of system representation. The following meta-model in Fig. 4 shows these concepts that form the building blocks of a CAOM model. The above meta-model is obtained after the transformation of the CAOM.


7. [bookmark: _Toc378425985]An Agent-based Software Architecture
The simulation of the operational model, produced after several stages of models refinement, assumes the existence of a software infrastructure that supports heterogeneous simulation models. In addition, it should ensure the integrity of the distributed simulation (of two or more software environments) while providing the desired simulation data (observable). In this section, firstly we present what requirements rise up from these objectives, before introducing the general architecture of an agent and the organizational oriented simulator. 
7.1 [bookmark: _Toc378425986]Architectural requirements 
This section addresses simulations integration and interoperability issues, viewed as the management of data and event dependencies between simulators. Considering the complexity of such task, we combine different integration approach: FIPA (Foundation of Intelligent Physical Agents) specifications on agent-based software integration [29], HLA specification on distributed simulation integration [30], in order to redefine initial ad-hoc Actor simulation architecture [15]. 
FIPA proposes to agentify software services in order to separate the discovery and selection of services from the actual service call. Interaction protocols are defined to support the chain of actions that agents follow to track and execute the software distributed over an open environment. It is a general software integration approach that, however, does not deal with data sharing and time synchronization at a conceptual or software level. 
HLA, an IEEE standard, is totally dedicated to the management of distributed simulations HLA does not propose a software implementation or consider the internal structure of Simulators (Federate). Its reckoning by the simulation community has resulted in numerous implementation and adaptation to different application domain, including Natural Disasters simulation [31]. A Distributed Simulation is seen as a Federation of Simulators, coordinated by a central unit - the RTI (Real Time Infrastructure) – exchanging data and instantiating an Object Modeling Template (OMT) in respect with simulation rules which maintain the integrity of the global simulation (data format, time synchronization, events causality chain…). 
There are also, several research works that have been proposed to solve different problems of interoperability such as asynchronous of communication and agent-based communication language. Below are several architectures we studied:
· An Agent Platform for Reliable Asynchronous Distributed [32]: in this platform the authors introduce a distributed communication model based on autonomous software agents. Agents act as software components that can migrate from node to node.
· Agent-Based Middleware for Web Service Dynamic [33]: in this architecture the author aims to construct an agent-based middleware for Web service dynamic integration based on Peer-to-Peer networks to facilitate the integration of optimal quality of Web services for application integration.
· XML-based Mobile Agents [34]: the authors present a mobile agent system based on the use of XML. 
· An Agent-Based Distributed Smart Machine [35]: the authors present a software agent based technology to enhance remote tool service system by developing related remote service ontology to manage its smart and distributive characteristics.
· An Agent XML based Information Integration Platform [36]: an Agent/XML based information integration platform is proposed in order to integrate process operation systems effectively,. The subsystems are encapsulated as Agents-based on XML. The encapsulation of different subsystems was implemented through Agent technology.
· A Cross-Platform Agent-based Implementation [37]: the authors present a cross-platform, networked implementation of control tasks based on software agents and streaming technologies. 
· FACL (Form-based ACL) [38]: the authors describe a multi-agent framework and an Agent Communication Language (ACL) for the Mu1tiagent-Oriented Office Network (MOON) systems that are distributed systems of E-commerce. The multi-agent framework is a Java application framework and includes a form-based ACL (FACL) as a common protocol for passing application forms. 
Looking at these different platforms, we found that there are several limitations: 1) these platforms support only a small number of execution and are limited to link with complex applications (Like JASON Platform [39,40]); 2) they are not open to no-agent software environments; 3) they cannot keep track of the execution; and 4) they have a low level of autonomy.
To overcome these limitations, our approach to EE simulation considers heterogeneity of agents and behaviour as the consequences of the domain which expert observable choices and not necessarily the nature of the EE entities. Therefore the simulation deals with heterogeneous complex behaviour which the simulation framework must integrate. 
7.2 [bookmark: _Toc378425987]Software Architecture for Modeling and Simulation Agent-Based (SAMoSAB)
The objective of this section is to propose a software architecture that facilitates the production of these simulations by integrating the functional requirements and software related to the simulation of EE.
The different stages of the methodological framework presented in the previous section, lead to an operational modeling crystallized by OPAM model and characterized by:
· The refinement of the multi-agent organization split into two separate environments: one called cognitive (or deliberative) simulating decision-making process, and the other so-called reactive simulating single process or highly automated
· Specification of the agent’s behaviour: in languages appropriate to the granularity of the agents, it describes how agents should behave during the simulation without prejudice to the way they are actually implemented (programming language, simulation language, and environment).
· Specification of the interactions between agents: This results in the dynamic simulation. These interactions will present issues set out according to different agents that are involved in the same society or two different societies (reactive and cognitive).
As a first step toward generality, we have considered two simulation environments integrated through a mediator. The basic idea was to identify and isolate the simulation functions that ensure the simulators integration. As shown in Figure 5, the architecture is divided into the following component elements:
· Simulators: our generic architecture is open to different software platforms to simulate different behaviours (Simple or Complex Behavior).
· Mediator: the mediator realizes the transmission of information (message, signals, objects, data…) while keeping simulation specific constraints respected (for e.g. time synchronicity between both environments). The mediator role in the integration process is synthesized into five services presented in Table 1. 
description
	Services 
	Description 

	Agents 
Management 
	Classical agent life-cycle management, this module manages the birth and death of agents, etc. 

	Communication Management 
	A basic service in Multi-Agents Systems, this module manages the agent directories (address and capabilities), as well as the logical routing of messages or events. 

	Organizational Model Management 
	This module manages the organization dynamics: group creation, subscribing and unsubscribing to groups… 

	Interoperability 
management 
	Responsible at the software level for interactions between simulations. It can rely on APIs to route physically message, events, data between the simulators, or clock synchronization signals. 

	Time 
Management 
	Ensures time is managed coherently in the simulators. Depending on the time management strategy it controls the execution of the simulator (for example, pauses a simulator while response is computed in another simulator). 

	Indicator Management 
	The aim is to produce the indicators characterizing the observable defined in the conceptual modeling of the ND studied. 



· Connector System: This element is used to ensure the interoperability between agent and non-agent platforms, which are situated in distributed systems; these must be designed to satisfy the requirements: transport of information, description of dependency, interoperability between different type of simulators, and format of information. According to the properties of the distributed connectors, we provide a description of connectors in a distributed system: “Connectors [41] link distributed components by using some formatted information according to the dependency (relationship) between components.” In the light of this description, we propose a model “Connector Stack” which comprises three layers to design and analyze connectors. It consists mainly of a transport layer, dependence layer, and presentation layer. The Transport layer is situated in the base of the connector and is responsible for the basic delivery of messages in a network. It is also used to support the dependence or relationship between components. The Dependence layer describes the dependency of components in detail. To fulfill the goal, we can use object design pattern or architecture pattern to implement it. Most of the patterns can provide the loosely coupled dependency mechanism for system, such as the Publish-Subscribe. The presentation layer is responsible for building the transferred information depending on the type, format and amount of the information. We can use existing Markup language such as XML or a customized format defined by developers. “Connector Stack” provides a way to design and analyze connector by dividing the connector into separate layers. Each layer is an important part of connectors. They affect each other and are also independent of each other in some ways. 
· Database and libraries: a number of different databases and libraries can be used to drive the simulation. The libraries will include the event scenarios and the related files required by the multiple simulators. 
· Data Files: These files are important for understanding the entire concept of the integrated simulators. The files predict a mechanism for configuring the simulator modules and sharing data between them. We have used different types of files such as, XML, Excel and Oracle to encode the data. These files contain the executable data to be processed by the simulation. These files also   contain the descriptive text that is intended only for human interpretation. We have also added the links between different types of data required for the interaction between different simulators.
· Supervisor Simulation: this element is responsible for synchronization of all the simulators. It configures the scenario through synchronized initialization of all the simulators from data contained. Also, coordinating the execution of the various simulators during a simulation run; and outputs simulation reports.
· User: this element provides capabilities to create, modify the scenario data files, manage the display screens for configuring the system, observe the simulation runs, and display results. It is also responsible for the generation of simulation results.
· Visualization: this element provides the graphic representation of the scenario and the events.
However, while keeping in mind such objectives, we have chosen to test our propositions by starting with two “specialized” simulation environments. SAMoSAB is thus presently composed of: i) the JASON platform; ii) the JADE platforms, iii) a mediator, and iv) connector. 
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The JASON platform is adapted to the development of BDI (i.e. deliberative) agents [39] [40]. It is an extended interpreter [42] of AgentSpeak [44] a BDI programming language allowing complex behaviour modeling. The JADE platform (Java Agent Development Framework) [43] is also a FIPA compliant Agent Oriented Software Engineering tool implemented in Java. It proposes a framework for agent management (agent directories, communication management). Agent internal structure is open and left mostly to the programmer initiative. The mediator, see [43], supports the simulations integration by proposing generic services the more independently as possible of the simulators architecture. JASON is used to implement and simulate decision-making processes, whereas JADE deals with simple agent behaviorus. Agents from both environments must interact; the mediator realizes the transmission of information (message, signals, objects, and data) while keeping simulation specific constraints respected (for e.g. time synchronicity between both environments). A Database is also included to capture the model parameters, record simulation data and results analysis. It is accessed by the simulators and the mediator. Figure 5 summarizes the general architecture of SAMoSAB.
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Fig .5. SAMoSAB architecture
7.3 [bookmark: _Toc378425988]Agent modeling and interoperability 
Current SAMoSAB environment contains several type of agents: i) Deliberative agents, developed in JASON, that implement Natural Disaster decision-making processes i.e. ND entities whose behaviours produce complex observables; ii) Reactive agents, developed in JADE, implementing basic behaviours; and iii) Service agents, i.e. agents not directly concerned by the simulation models but supporting the simulation process. 
Table 2 summarizes the different types of agents and their roles in SAMoSAB, some of them are provided by the JADE Platform.
Agents description
	Agent 
	Description 

	AMS Agent Management System 
	Manage agent life cycle, as well as “white pages” directory, i.e. the list of the agents name and their communication address. 

	DF – 
Directory Facilitator 
	Provide a “Yellow Page” service. It records agent roles, capabilities and may answer requests for other agent directory needs. 

	ACC – Agent Communication Channel 
	Routes messages from one agent to another, independently of the platform of both agents. Implements for this purpose the IIOP protocol. 

	IAg -
Indicator Agent 
	Is associated to an indicator: It provides computational facilities to produce the value of aggregated indicators. Thus it agentifies the observables identified in the conceptual models. Indicator agents are also categorized depending on the type of indicator they represent (Activity, Productivity, and Quality). 

	DSA 
Data Source Agent 
	DSA Centralizes the source of data in a group of agents, and is responsible for finding the agents that have the required information. DSA then regroups and sends these data to the right Indicator Agent, an IAg is needed for exploiting these values. 

	GMA 
Group 
Manager Agent 
	Manages a group i.e. allows an agent to play a role in the group, as well as represent the agents in the group for specific requests. For e.g. If an IAg needs a particular type of data, the Group Manager will locate the agents producing that data. 


8. [bookmark: _Toc378425989]An Illustrative SAMoSAB implementation
Figure 6 illustrates a software architecture supporting our methodological and “simulation-related” requirement. As exposed in the previous section, this SAMoSAB implementation contains Jade Agents, JASON agents, non-agent platform, and a mediator in charge of the interactions. 
The “simulation model” presented in Figure 6, results from applying our methodological approach i.e. progressive translation of the CROM and CAOM models of the case study presented in [20]. It is composed of 2 groups describing a simplified ND organization structure. Communication between three platforms is done through messages. Therefore, a mediator layer (denoted Kernel) and connector system ensures the communication link between different platforms (“physical” interoperability is simulated in this case as both are FIPA compliant environment). Note that the mediator is presently developed as a group of specialized agents.


[image: ]
Fig. 6. SAMoSAB architecture illustration
9. [bookmark: _Toc378425990]Conclusion and future work
Natural Disasters, as a subtype of EEs, have resulted in the mortality of three million people and affected the lives of 800 million people worldwide. These have caused diseases as well as serious economic losses and homelessness. The organizational structure and the policies are mostly neglected while simulating a real emergency activity.
In an agent-based ND simulation, we have presented an organizational oriented methodological framework, which permits modeling and simulation of ND organizational aspects. It allows observables of different level of detail while reproducing the ND behaviour according to desired observables. This methodological framework is structured according to a conceptual and an operational abstraction levels. At the conceptual level, the modeling is based on a Conceptual Role Organizational Model (CROM), which is then refined into a Conceptual Agent Organizational Model (CAOM). At the operational level, modeling is mainly based on the Operational Agent Model (OPAM). 
This framework allows the study of the impact of a specific ND organizational structure and its related management policies on ND performance. Based on a ND expert modeling of a particular ND, an organization/role oriented (CROM) and an agent-oriented (CAOM) conceptual model help in designing a simulation model, which will reproduce the ND global and local behaviours. These conceptual models are defined independently of particular agent architecture or even on specific software architecture but propose transitional steps to guide their development. 
In this chapter, we focused on the proposal of an open software architecture supporting the transformation of the conceptual model into an operational model by generalizing the previous “hard wired” architecture inspired by previous agent-based integration framework. This architecture can be seen as the interaction between different simulation platforms (Agent Platform and No Agent Platform). We showed how different types of agents - deliberative and reactive agents - can interact during simulation as well as the role of some service agents (group manager, indicator and DataSource Agent) supporting this simulation. Development is currently based on the interaction between the JADE platform (for the reactive agent) and the JASON environment (for the deliberative agent). 
In our future work we account to work on several points: real data collection in order to have more accurate results Simulation) (example: data structure fire or other EE). These simulations are the first goal, a validation of the operationalization of the methodological framework for modeling and agent oriented simulation, taking into account explicitly the organizational aspects of natural disasters. These simulations should also allow us to validate the software architecture proposed, architecture for the implementation of the previous methodological framework and the execution of simulations. To illustrate the interest of our approach to modeling and simulation oriented agents for the management of EE, we also propose to explore different contextual scenario management of natural disasters, such as building fire, earthquake, etc. The different results may well show the interest of our tool in understanding the behavior of a EE.
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