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Abstract 

The TRIDEC system-of-systems establishes collaborative, large-scale 
concurrent and intelligent information management of natural crises 
focusing on the integration of task-oriented and proprietary systems, 
cooperatively interacting as a collective in an environment of 
heterogeneous and geographically distributed systems. Following the 
principles of event-driven and service-oriented architectures, the 
system is able to provide novel yet coherent behaviour and features 
based on a dynamic self-organization. The process of self-
organization is established on the basis of autonomous and concurrent 
tasks that are enacted by choreographies specifying the expected 
behaviour of the participating components. Although the individual 
systems are able to act completely independently, their interactions 
expose emergent structures of evolving nature in a process of re-
organizing their network. By the specification of global 
conversations, maintained in commonly available semantic registries 
it is possible to establish a federation of systems that is able to adapt 
its behaviour to unforeseen events like partly system failures. 
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I. CONCEPT, ARCHITECTURE AND DESIGN 
The project for Collaborative, Complex and Critical 

Decision-Support in Evolving Crises (TRIDEC), co-funded by 
the European Commission in its Seventh Framework 
Programme aims at establishing a network of dedicated, 
autonomous legacy systems for large-scale concurrent 
management of natural crises utilizing heterogeneous 
information resources. 

 
TRIDEC focuses on new technologies for real-time 

intelligent information management in collaborative, complex, 

critical decision processes in earth management. Key 
challenge is establishing communication infrastructures of 
interoperable services through which management of 
dynamically increasing volumes and dimensionality of 
disparate information is efficiently possible. TRIDEC’s 
architecture is based on the prototypical SOA 2.0 paradigm, an 
event-driven extension of Service Oriented Architecture 
(SOA) principles [1]. The SOA 2.0 approach supports creating 
high-level business events from low-level system events. 
Events are created by analyzing real-time data from services 
(e.g. Sensor Alert Service (SAS)), business processes 
including service chaining, or system components (e.g. 
simulation) and enhanced with details such as dependencies or 
causal relationships discovered by correlating other events and 
additional information. This process is facilitated by applying 
data-fusion and pattern-matching techniques as well as know-
how derived from various knowledge bases, each covering 
domain-specific information. Correlating disparate 
information -which separately might not be useful- makes the 
enriched information utilizable for decision makers, affected 
public users or task forces. Both correlation and enrichment of 
information enable adaptive system behaviour. When certain 
criteria or conditions are met (e.g. exceeding thresholds) 
appropriate business processes addressing the event patterns 
are triggered like e.g. real-time reaction on unforeseen events, 
system- or sensor failures. This approach supports and 
improves decision processes in evolving crises e.g. increase 
the significance of warnings by using additional information 
from numerical models. Even more important, this allows 
collaborating systems to respond dynamically in real-time, 
automate decision processes, or autonomously take actions 
like service-orchestration and -choreography to react on 
unique event patterns. The architecture also enables 
evolvement and evolution of systems by facilitating long-
running processing capabilities, e.g. data-mining of 
information from various asynchronous events, time series, 
information networks, numerical models, messages, or human 
feedback as well as the deduction of patterns, trends, and rules 
over a long period of monitoring.  

TRIDEC’s SOA 2.0 approach will be demonstrated within 
two completely different scenarios: The first (described in the 
present document) concerns a large group of experts working 



in crisis centers and government agencie
networks. Their goal is to make and improve 
in evolving tsunami crises in real-time based o
events. The other involves groups of consultin
financial analysts from energy companies w
surface drilling operations. The common o
scenarios and a proof of concept for SOA 2
sensor networks in real-time, to optimize t
decision making and to timely detect critical tr
of intelligently managing large-scale concurre
composition of web services TRIDEC adapts
2.0 offers: orchestration and choreography. In
central knowledge-based processing framewo
over the involved services and coordinates the
operations on the services. Thus TRIDEC ena
framework for decision activities facilitating
complex business processes which are commo
boundaries. The involved services do not ne
they are part of a composition or a high-level 
and may be therefore developed independently
of accepted standards. Choreography on the 
not rely on central coordination. Rather, each 
in the collaboration environment knows exactl
to execute its operations based on specificall
conditions (e.g. alerts or threshold exceeda
interact with (e.g. notification recipients) and
and encodings to use. Choreography emphasi
processes which are focused on the exchange 
participants of the choreography need to b
specific business process, the operations 
messages to exchange, and the timing of me
An Event-Driven SOA 2.0 is based on 
decoupled relationships between event pro
sensor systems, warning systems) and e
(warning systems and warning disseminatio
event consumer does not have to know any
event generation or has to care why an event o
concerned that it will be invoked when the ev
and how to further process the event bas
demands. Systems and applications that 
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acts as an intermediary between systems gene
and systems handling (consumer) events. 

II. SYSTEM-OF-SYSTEMS APPR

TRIDEC’s architecture reflects the System-o
paradigm which is based on task-ori
cooperatively interacting as a collective 
environment (see Figure 1). The design of th
follows the principles of service-oriented a
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coupling of the systems. The SoS approach
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from a process of dynamic self-organization.  
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1. Operational Independence of the Elements 
All elements of a federation of systems must be able to 
operate autonomously and independent of any process, 
component or state of the other systems. 

2. Managerial Independence of the Elements 
Constituent systems continuously maintain their operation 
independent of the operation of the SoS. Features and 
capabilities are normally modified on schedules that do 
not correlate with the maintenance of the other constituent 
systems. It follows therefore that a SoS approach must 
take into account a potential inability to control an overall 
SoS configuration 

3. Evolutionary Development 
A SoS can evolve over time, developing new capabilities 
as the constituent systems are changed, added or removed. 
As long as the participating systems rely on standards a 
SoS is able to adapt the new capabilities without 
additional development.  

4. Emergent Behaviour 
A federation of systems may offer additional functionality 
above and beyond the capabilities of the constituent 
systems. A dynamic aggregation of services from 
distributed systems can lead to added values even if the 
constituent systems are not dedicated for this purpose or 
event know anything about the functionality they are used 
for. 

5. Geographic Distribution 
The area covered by the constituent systems of a SoS is 
large. Geographically distributed systems also may 
provide features which depend on their specific location.  

The management of sub-systems by different parties, pointed 
out in the criteria above, also implies concurrent planning and 
development cycles. This was examined in [8]. Therefore a 
loose coupling of the parts (operational and managerial 
independence) is a must and changes must not lead to a broken 
SoS. 

B. Communication 

An important part of the architecture of the SoS is the 
specification of how the systems work together (collaboration 
via conversation based interactions, see chapter IV.B). For 
SoS dependent on information exchange, interface 
management focuses on how the systems share information 
[12]. For these systems, there is a need to define shared 
communication mechanisms. Equally important is the 
definition of the common or shared data syntax and semantics 
(see chapter IV.D.1)). These interfaces include expected 
coordination of system behaviour as well as the actions 
(information exchange and trigger events) that serve to 
moderate the collective behaviour (see chapter IV) of the 
systems. Typically, a respective architecture will provide a 
structured approach to how the systems relate to one another 
and will allow for evolution of the SoS by adding/replacing 
systems or functions. A SoS is not possible without 
communication. Since the elements of a SoS are substantially 
independent, and cannot exchange significant matter and 

energy, they collaborate only through information exchange 
(conversation). To allow the sub-systems of a SoS to interact 
(illustrated in chapter IV.B) within a infrastructure, they need 
to be connected to communication platform as depicted in 
Figure 1. Such an infrastructure is referred to as a Middleware 
that allows other software components to interact, mediating 
between pieces of software. One solution for such a 
communication infrastructure is a Message-oriented 
Middleware (MOM), enabling distributed and proprietary 
systems in heterogeneous environments to communicate by 
message exchange. Amongst many other a MOM has 
advantages like: 

• Dynamic reconfiguration of architecture as needs change 
• Asynchronous / synchronous communication 
• Server/service must not be available 
• Loose coupling of Server/Clients (more tolerant to 

changes of existing functionality) 
• Better availability of the systems 

C. SoS Criteria met by TRIDEC 

SoS are mainly discussed in the field of the private enterprise 
and military with a focus on the latter one. The areas relevant 
for TRIDEC are not yet covered by research but sensor 
networks are already widely considered as a System-of-
Systems. Both TRIDEC scenarios integrate several sensor 
networks. Already for this reason the scenarios can easily be 
rated as a SoS. Nevertheless the criteria from above (and 
applicable to TRIDEC) are listed below (see Table 1). 
Although the present paper deals with Natural Crisis 
Management, TRIDEC’s second scenario is additionally listed 
to demonstrate the flexibility of the TRIDEC approach 
regarding heterogeneous fields of application. 

Criteria Natural Crisis 
Management 

Industrial Sub-Surface 
Development 

Operational 
Independence 
of the Elements 

Operated by different 
institutions: See Table 2 
for a list of systems 

Several hundred separately 
operated drilling sites.  

Managerial 
Independence 
of the Elements 

See above. Drilling sites are operated by 
different companies or 
drilling teams. 

Evolutionary 
Development 

Integrates new Sensor 
networks, analysis 
algorithms, etc. 

Adaption to new plans of 
drilling sites; drilling rigs are 
moved to different locations. 

Emergent 
Behaviour 

Combines the 
knowledge of its parts 

Collaborative decision 
process by integrating the 
planning support of geologic 
sites and real-time decision-
support of drilling operations 

Geographic 
Distribution 

Potentially more than 20 
national and  two centers 
with regional 
responsibilities. 

Several distributed drilling 
sites, Data Centers and Real 
Time Operation Centers. 

Table 1: SoS criteria for TRIDEC scenarios 
 



III. COLLABORATION 
In the case of TRIDEC with various
participants involved, concurrent information
fundamental importance because of 
improvements regarding cooperative de
Collaboration within TRIDEC will be im
choreographies of conversations and the 
services [15] TRIDEC adapts the Business
Notation (BPMN) to implement the or
choreography (conversation) paradigm. Ch
also be covered by other standards, such a
Choreography Interface (WSCI) and 
Choreography Description Language (WS-CD

A. Orchestration 

1) Sensor Integration Platform 

Orchestration is based on providing sensor 
services implemented by an integration platfo
Tsunami Service Bus (TSB). The TSB rea
integration (other than a data level inte
functionality is provided by dedicated 
services), communicating via a service infra
services provide their functionality e
standardized interfaces. Instead of requestin
this approach replaces the tight coupling at 
flexible dependency on loosely coupled ser
concept of functional integration, already 
German Indonesian Early Warning System 
Central Asia Water Management System (CA
Distant Early Warning System (DEWS) 
principles of the SOA paradigm as well as o
concept, which is built on standardized 
protocols provided by Sensor Web Enablem
GITEWS, for example is built upon a 
infrastructure providing seismological, near re
sea-level data sensed by tide gauges, buoys a
units. The TSB, originally developed wit
GITEWS, implements the SOA paradigm by
Enterprise Service Bus (ESB), [3]. A SOA imp
ESB is determined by a layered architec
basically of a resource, service, orchestration
layer as shown in [21]. Functionality (e.g. al
observe) required by the business processes o
layer (e.g. Decision Support System) i
interoperable services (e.g. SAS, Sensor P
(SPS), etc.) that follow common service orien
service contract, loose coupling, abstract
autonomy, statelessness, discoverability, an
[20]. A SOA also orchestrates services to 
processes of the application domain, w
supported by execution languages (BPMN
engines.  
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Figure 3: TSB-Extension for Event-Dr

B. Choreography 

Choreographies specify the expected behavio
or more participants; conversations describ
exchange between all participants emphasiz
relation. The TRIDEC choreography will b
definition of Behavioral Interfaces and 
Agreements (SLA), which describe the int
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business process and thus enabling task b
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SoS are normally managed and operated
because of their geographical distribution
importance to ensure the reliability (
correctness) of their interactions, which will
applying the Design by Contract (DbC) a
TRIDEC architecture. A detailed desc
conversations is provided in the following cha
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 Role 

External 
Systems 

Auxiliary Service 
Provider 

Autonomous Sensor 
Systems 

 

Participating 
Systems 

Regional Tsunami 
Watch Centre 

(RTWC) 
National Tsunami 
Warning Centre 

(NTWC) 
Tsunami Warning 

Focal Point (TWFP) 
Task Forces (TF) 

Table 2: TRIDEC Roles an

B. Interaction Scenarios 
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Even if the participants are geographically dis
this type of interaction establishes so called
work where all participants are depending on
high degree. 
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Asynchronous communication is illustrated i
based on a topic-based publish/subscribe desi
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actions but delegates the responsibility for 
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of concerns regarding the generation and d
information. In this case a Tsunami Warn
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An example for a conversation within 
Management is depicted in Figure 8. It
collaboration between various geographic
warning centers and autonomous sensor system
and tasks shown in Table 2 and Figure 7. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Conversations between Tsuna
Centers & Sensor Systems 
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Figure 10: OGC Sensor Model
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