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Emergency management is a discipline of dealing with and avoiding risks. In case of any emergency the immediate and fast intervention is necessary. It is possible only because of well-prepared contingency plans and adequate software support. Therefore, the aim of this paper is to focus on the common characteristics of process modelling within emergency management and to define the design patterns that are typical of this area. These Design Patterns enable faster and simpler generation of emergency processes and contingency plans as well as subsequent software support. They result from the current documentation and legislation. Each design pattern does not represent a final emergency process, but only a certain structure which is necessary to further customize according to current user requirements. Specifically, 16 design patterns have been identified and described on more management levels. The present form of design patterns is a result of the consolidation of many real processes of emergency management that arose and were verified within several research projects or set of directed interviews with emergency management experts.

Introduction

Process management is an implemented and often used approach in business practice which enables a variety of organisations to achieve better results from a long-term point of view [START_REF] Weske | Business Process Management, Concepts, Languages, Architectures[END_REF]. On the other hand, the functional management approach often predominates in public administration [START_REF] Smith | An Inquiry into the Nature and Causes of the Wealth of Nations[END_REF]. With regard to the poorer utilisation of an organisation's sources and assets, the functional management approach does not enable the achievement of these results. It achieves the set objectives more slowly and handles constantly ongoing changes only with great difficulty. These properties can be seen especially in the area of emergency management, where a fast and efficient intervention will enable not only the rescue of assets and the environment, but above all human life. There is an unambiguous necessity to gradually reduce using the functional management approach to emergency situations and to start coping with these situations in a process manner.

In case of process management, it is not only a change in the management approach, but also the entire information support of processes. This differs from the classical rigorous development of information systems. Process-oriented systems must react to the dynamic environment in an organisation quickly and be capable of adapting themselves to current needs and priorities [START_REF] Pekárková | A Framework for Monitoring and Evaluation of Learning Processes[END_REF]. For this purpose, a lot of new approaches, methods and instruments have appeared in reaction to this trend [START_REF] Barta | The Use of Simulations for the Need of Environment Protection[END_REF]. Moreover, emergency management is specific because of the distrust of information technologies, because of necessary interoperability with other information systems and because of the emergency information system's complexity and the necessity to develop resistance to breakdowns and crashes [START_REF] Hiltz | The Domain of Emergency Management Information[END_REF][START_REF] Haddow | Introduction to Emergency Management[END_REF].

Based on the abovementioned description, there are two principal requirements for emergency management. First, there must be a change from the functional to the process management approach and, at the same time, support for the new method of coping with emergency situations with information through advanced information technologies. For this purpose, the Process Framework for Emergency Management has been defined. It provides well-arranged, unambiguous and complex instructions of how to achieve this complex change in the management method as well as in the information support in the area of emergency management.

Process Framework for Emergency Management

The Process Framework for Emergency Management consists of five main components which describe the problems of different areas. In specific terms, it is process methodology, reference architecture, factors for implementation, design patterns and quality assurance processes.

Fig. 1. Process framework for emergency management

Process methodology -the methodology contains the instructions of how to identify and describe the user roles and processes in the field of emergency management. For this, it recommends the appropriate recording forms of emergency management processes, which is the Business Process Modelling Notation combined with the Use Case diagram from the UML. If in need of automation, the methodology provides the instructions of how to further configure processes, how to add required data and services and subsequently how to interpret them through the workflow engine. For more information about process methodology, see (Ludík and Ráček, 2011a).

Reference architecture -this provides a view and recommendation concerning the particular software components which can be used in process automation and, at the same time, it reflects the requirements resulting from emergency management processes. The entire design is based on the Workflow reference model. Then this conceptual model is completed with specific tools and components which can be found in the sphere of information support of processes in organisations, whereas stress is laid on the independence of specific software from a particular provider. For more information about reference architecture, see (Ludík et al., 2011).

Factors for Implementation -the issue of emergency management processes is so comprehensive that the standard approaches used in the area of software engineering cannot be used. On this account, this part focuses on the description of factors and specific characteristics of emergency management. The identified factors can be divided into two groups, i.e. internal factors and external factors. For more information about factors for implementation, see (Ludík and Ráček, 2011a).

Design Patterns -these enable faster and simpler generation of emergency processes. They result from the current documentation and legislation and are defined based on many years' experience of emergency process modelling. No design pattern represents a final emergency process, but only a certain structure which it is necessary to further customise according to current user requirements. For more information about design patterns, see Section 4 of this paper.

Quality Assurance -this provides methods and tools to assure the quality of simulated processes that must be in compliance with not only legislation and current emergency plans, but especially in compliance with the requirements of bodies active in emergency management. For more information about quality assurance, see (Ludík and Ráček, 2011b).

Design Patterns State of the Art

In software engineering, a design pattern represents a general reusable solution to a commonly occurring problem within a given context in software design [START_REF] Gamma | Design Patterns: Elements of Reusable Object-Oriented Software[END_REF]. A design pattern is not a finished design that can be transformed directly into source or machine code. It is a description or template for how to solve a problem that can be used in many different situations.

In the same manner, it is possible to approach the design of process diagrams (workflow) and to define design patterns in this field. The Workflow Patterns Initiative is the greatest one in this field which is a joint effort of Eindhoven University of Technology and Queensland University of Technology and which started in 1999. The aim of this initiative is to provide a conceptual basis for process technology. In particular, the research provides a thorough examination of the various perspectives that need to be supported by a workflow language or a business process modelling language [START_REF] Russell | Workflow Control-Flow Patterns: A Revised View[END_REF]. There are a few similar efforts. As an example, a chapter in the book Designing Business Processes with Patterns [START_REF] Glushko | Document Engineering: Analyzing and Designing Documents for Business Informatics and Web Services[END_REF] or a paper entitled Applying Patterns during Business Process Modelling [START_REF] Gschwind | Applying Patterns during Business Process Modeling[END_REF]) can be mentioned.

The design patterns can serve the purpose only in the event that they are comprehensible and described sufficiently. There is no single, standard format for documenting the design patterns. Rather, a variety of different formats has been used by different pattern authors. However, according to Martin Fowler, certain pattern forms have become more well-known than others, and consequently become common starting points for new pattern-writing efforts [START_REF] Fowler | Writing Software Patterns[END_REF]. One example of a commonly used documentation format is the one used by Erich Gamma, Richard Helm, Ralph Johnson and John Vlissides in their book entitled Design Patterns [START_REF] Gamma | Design Patterns: Elements of Reusable Object-Oriented Software[END_REF]. It contains the following sections:

• Pattern Name and Classification -a descriptive and unique name that helps in identifying and referring to the pattern; • Intent -a description of the goal behind the pattern and the reason for using it;

• Also Known As -other names for the pattern;

• Motivation (Forces) -a scenario consisting of a problem and a context in which this pattern can be used; • Applicability -situations in which this pattern is usable; the context for the pattern;

• Structure -a graphical representation of the pattern. Class diagrams and Interaction diagrams may be used for this purpose; • Participants -a listing of the classes and objects used in the pattern and their roles in the design; • Collaboration -a description of how classes and objects used in the pattern interact with each other; • Consequences -a description of the results, side effects, and trade-offs caused by using the pattern; • Implementation -a description of an implementation of the pattern; the solution part of the pattern; • Sample Code -an illustration of how the pattern can be used in a programming language; • Known Uses -examples of real usages of the pattern; and • Related Patterns -other patterns that have a relationship with the pattern; discussion of the differences between the pattern and similar patterns.

Design Patterns for Emergency Processes

The process approach is applicable in different domains whereas each of them has certain specific characteristics. The aim of this section is to focus on the common characteristics of process modelling within emergency management and to define the design patterns that are typical of this area. The design patterns described in this section are an essential part of the process framework for emergency management in the Czech Republic which was presented in Section 2.

Analogous to other parts of the process framework, it is possible to independently use the design patterns already created, without any links to the designed framework. Even in this example, the defined design patterns will enable a faster and better identification, analysis and emergency processes design at all levels of emergency management.The identified design patterns are divided into three groups according to the level of management at which emergency processes occur. These are strategic, operational and tactical levels.

Strategic Patterns

The strategic level represents the top-level management view of the solution of extraordinary events and emergency situations. Emergency-related legislation and other strategic documents defining general strategic procedures of coping with emergency situations on the territory of the Czech Republic are among the most fundamental documents influencing the design patterns. On the basis of these documents, it is possible to derive generally valid procedures used in coping with emergency situations, and to define them in a process way. Higher level processes develop in this manner and describe a general level of intervention management. This level is suitable for further decomposition. Emergency Management Process, Solving an Extraordinary Event, Solving an Emergency and Solving a Flood Situation are included among the strategic design patterns of emergency management. Each design pattern is identifiable unambiguously through an Identifier. The Title, Motivation, Description, Structure, User Roles, Known Uses, Related Patterns and Regulations have been selected as further attributes for describing a design pattern.

SP-2: Solving an Extraordinary Event.

Motivation -The aim of the design pattern is to show how to efficiently solve an extraordinary event in compliance with legislative requirements within the shortest possible time. An extraordinary event that occurs in a certain environment is usually solved by the Integrated Rescue System (IRS) components in a regular way.

Description -The solution of an extraordinary event proceeds in a few basic steps. First of all, the emergency operational centre receives a notification of the occurrence of an extraordinary event such as a fire, road traffic accident or leak of a hazardous substance. Based on the received information, the situation is analysed. According to its extent, the particular rescue components are activated. Their task is to come to the intervention site as fast as possible. After the arrival of particular components, the intervention commander who is responsible for coping with the emergency situation is appointed. First of all, he analyses the intervention site and assigns tasks to subordinate units. Afterwards, he monitors and evaluates the situation and responds to the development of the situation as a whole. The individual rescue components, such as firefighters, ambulance services and the police perform rescue and clean-up works. At the end of the intervention, the activities connected with finishing the intervention as well as evaluating the extraordinary situation that took place.

Fig. 2. Solving an extraordinary event (SP-2)

User Roles -Emergency Operational Centre, Intervention Commander, Integrated Rescue System.

Known Uses -Extraordinary events in the Czech Republic are solved every day. It may be e.g. a road traffic accident on the motorway, a hazardous substance leak, fire, explosion or other situations which need the assistance of the IRS. The entire process is initiated by an emergency call and subsequently it continues based on the type and characteristics of a given event.

Related Patterns -The described design pattern specifies the Response activity in the Emergency Management Process (SP-1) pattern in case of an extraordinary event.

Regulations -The defined process as such is primarily based on the Act on the Integrated Rescue System (Act No. 239/2000 Coll.).

Operational Patterns

The processes at the operational level are among the group of design patterns that have to be customised most, as they are markedly dependent on the site and characteristics of an extraordinary event or an emergency situation. The emergency plans of particular regions and municipalities have been developed with regard to local knowledge, e.g. the specific experience of emergency components or available resources in a given region. The IRS operational plans, which also are a basic starting point for creating the design patterns, describe the so-called ideal case of how to solve a given situation. However, it is necessary to take into account the fact that a real solution of a situation may be affected by other facts in practice. The operational design patterns serve primarily as a general starting point for process modelling at the operational management level. It is necessary to further adapt these processes according to specific user and territorial requirements. In the next part, one of seven specific operational design patterns within emergency management is presented.

OP-1: Reception of Information on an Extraordinary Event.

Motivation -Each extraordinary event or emergency situation is dealt with as soon as it is reported to the IRS operational centre. Here, it is very important to recognise the character of the extraordinary event quickly and correctly, and to respond to it through intervening components. It is also necessary to find out which of the reported situations are of an emergency character and in which cases the emergency call number was abused.

Description -The emergency operational centre operator receives a report on an extraordinary event. He must find out the necessary information from a reporting person, especially the address and type of the event. In case of suspicion that the information is false, the operator calls back to the reporting person. Afterwards, the operator evaluates the extraordinary event; he selects a unit or units and sounds the alert. The unit for which the alert was sounded must confirm the alert and subsequent departure up to a certain time limit or may cancel the alert or departure for e.g. a defect on intervention equipment.

Fig. 3. Reception of information on an extraordinary event (OP-1)

User Roles -Operator of Emergency Operational Centre, Rescue Units. Known Uses -The process is executed not only in the emergency operational centre of emergency calls 112, but also in other operational centres of the IRS components. The process is initiated by an incoming call, through which an extraordinary event is reported and completed by the departure of particular IRS components.

Related Patterns -The presented design pattern specifies the method of acquiring the information on an emergency situation which is a part of both the Solving an Extraordinary Event design pattern (SP-2) and Solving an Emergency design pattern (SP-3).

Regulations -Design pattern is based on the Combat Order of Fire Security Units. As another starting point to define the design pattern, the Act on the Integrated Rescue System and the Emergency Management Act were used.

Tactical Patterns

The design patterns at tactical level describe the activities of the intervention commander and other IRS components intervening in the scene of an extraordinary event.

The defined tactical design patterns are based on the general low-level standardised procedures which describe the activities of intervening components in the intervention site. It is necessary to state that these procedures are not formalised sufficiently in some of the basic components of the IRS. For this reason, the designed tactical patterns are primarily based on the Combat Order of Fire Security Units. This is a set of documents containing standardised procedures for the Fire Rescue Service units in the intervention site. The following tactical patterns have been defined: Issue, Confirmation and Fulfilment of Order, Information Exchange, Management of Intervention, Establishment of Crisis Staff and Organisation of Intervention Site.

TP-1: Issue, Confirmation and Fulfilment of Order. Motivation -The design pattern defines the general procedure of issuing, confirming and fulfilling the orders. Order, command, direction and instruction are control acts for conducting an intervention through which every commander discloses his decision to his subordinates to perform a definite task. To issue orders, commands, directions and instructions in the intervention site is not only an authorisation, but also a task of each management level.

Description -The superior issues an order to the addressee (subordinate). The order must be confirmed or, if need be, repeated by the addressee, which proves that the addressee understands the order. It is necessary to make sure that the order has really reached the addressee. If the addressee does not understand or does not confirm the order, the order is repeated again. When the order is issued, the subordinates follow it and the superior checks its fulfilment. After that, the subordinate reports the fulfilment of the order to the superior who issued the order and the design pattern is completed. In issuing an order, the principles apply as follows: an order must be performable and structured logically so that it is evident what its aim is. It is also important to stress the purpose of the order. It must be apparent that the commander is convinced of his decision. The content of the order must be clear, unambiguous and understandable. In case of an urgent situation, the order must be brief and must be issued rapidly. Known Uses -The design pattern is applied regularly within coping with every extraordinary event or emergency situation. Emergency management is based on the clear hierarchical structure of management. The particular intervening persons are obliged to fulfil orders and instructions of their unit commanders in the intervention site. The unambiguous responsibility for fulfilling all the activities is allocated in the intervention site.

Related Patterns -The design pattern supplements the operational design patterns which primarily describe rescue and clean-up works in the intervention site.

Regulations -The design pattern is defined based on the Code of Practice of Chapter Ř which is a part of the Combat Order of Fire Security Units.

Interviews with Experts

Set of directed interviews with emergency management experts, was used as method for verifying the process framework as well as design patterns applicability in practice [START_REF] Pitner | Constructive Communication in International Teams: An Experience-Based Guide[END_REF]. The experts answered 8 questions. The addressed experts were chosen to cover the field of handling extraordinary events and emergency situations. For this reason, the key areas of emergency management, within which the application of the process framework is relevant, were identified. Out of these areas the experts were addressed and asked for assessing the defined framework. The experts are introduced in the alphabetical order as follows:

• Emergency management and its impact on the environment -Assoc. Prof. Vladimír Adamec; The performed directed interviews can be sum up as follows. The presented process framework provides sufficient instructions for using the process management approach in solving emergency and extraordinary situations. It is a logical and correct approach which is usable in practice. The framework is easy to understand for the workers in the field of emergency management. It can be stated that, currently, the process framework becomes a necessity and an actual trend. Individual parts of the framework are divided logically and their description provides information about their relevance. The description of individual parts is wellarranged, adequate and accurate. Some of the experts have recommended emphasising the strengths of the designed system, refining the terminology and describing the framework to be easy to understand for the lay public.

The identification of emergency processes, their subsequent optimisation and visualization can be considered as the main contributions of the process framework. The automation of processes and the information support to cope with emergency situations have been evaluated as the biggest contribution. The emergency processes defined clearly will enable a relative independence of the human factor. Further contributions can be seen in the savings of time, personnel and finance.

Conclusion

The process design patterns are defined based on the authors´ many years´ experience with modelling the emergency management processes. The present form of design patterns is a result of the consolidation of many real processes of emergency management that arose and were verified within several research projects, directed interviews with emergency management experts or within the development of bachelor´s and master theses. The aim of this paper is not only to create a basic set of design patterns for the area of emergency management, but also to show the method of how the design patterns can be defined in this area and, subsequently, to use them in modelling the emergency management processes.
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