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chaining will be addressed. The WP1 results will be considered as inputs for the information view. 

Several existing experiences will contribute to the definition of the computational and engineering 

views. In particular we will take into account the following initiatives/projects: GEOSS AIP-2 

Transverse Technology WGs experiences (i.e. Metadata, Workflow, Clearinghouse Catalogue, 

Mediation WGs), IP3 for Climate Change and Biodiversity, the INSPIRE Implementing Rules on 

Metadata, Discovery and Transformation services, the ESA SSE workflow environment, and the 

FP7 GIGAS project interoperability guidelines for services publication. The outputs from FP7 

EuroGEOSS project (in the negotiation phase) will be considered. In this task a decision about re-

use or development of components will be made. This task will contribute to on-going GEOSS 

initiatives such as: AIP and Model Web. Scalability issues, including links to GRID and cloud 

computing technologies will be addressed. Specific Web services supporting uncertainty will be 

developed (see Task 2.4). For instance we will design Web services dedicated to the conversion 

from different UncertML types to allow the automatic chaining of uncertainty-enabled model Web 

services with different requirements for the encoding of their input and output uncertainty. This will 

also provide the mechanism by which the uncertainty-enabled model Web can incorporate model 

Web components that are not explicitly designed to propagate uncertainty. These service 

specifications will be consolidated in a document on: “Service frameworks for modelling 

resources”. 

Active partners: CNR, AST, UOM 
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 Legal Notices 

The information in this document is subject to change without notice. 
The Members of the UncertWeb Consortium make no warranty of any kind with regard to this document, 

including, but not limited to, the implied warranties of merchantability and fitness for a particular purpose. The 
Members of the UncertWeb Consortium shall not be held liable for errors contained herein or direct, indirect, 
special, incidental or consequential damages in connection with the furnishing, performance, or use of this 

material. 
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Executive Summary 

The present document is the UncertWeb Deliverable 2.2 “Service frameworks for modelling 

resources”. 

 

In UncertWeb, the discovery and chaining of modelling resources, and processing resources in 

general, are implemented by the Composition-as-a-Service (CaaS) system, providing the necessary 

interoperability service framework for adaptation, reuse and complementation of existing resources 

(including geospatial services, as well as uncertainty-aware services) in the form of executable 

workflows. 

 

This document specifies the architecture of the CaaS as a distributed information system for 

creating, validating, editing, storing, publishing, and executing scientific workflows. The chosen 

methodology is based on the Reference Model for Open Distributed Processing (RM-ODP), a joint 

International Standard of ISO/IEC and ITU-T. 

 

The UncertWeb CaaS is based on standard technologies like: BPMN 2.0, UncertML, netCDF-U, 

ISO 19115/19119, OGC WPS, coupled with enabling annotations for WDSL, WPS and BPMN. 

 

The current implementation is based on JBoss jBPM and presents some limitations with respect to 

this architecture, namely it does not implement editing functionalities. 

 

The UncertWeb CaaS has been successfully tested and evaluated in two scenarios identified in 

previous phases of the project. 
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1 Introduction 

The present document is the Deliverable 2.2 “Service frameworks for modelling resources” of the 

UncertWeb Project. [UW-DOW 2009] 

 

It describes an Information and Communication Technology (ICT) system for scientific data 

modelling support, to be implemented and integrated in the framework of UncertWeb. It takes into 

account the state-of-the-art technologies for Business Process Management, as well as the current 

standardization initiatives. Indications and guidance have been gathered from the users and the 

project partners by a number of means, including project deliverables, formal and informal 

meetings and other communications. 

 

In the UncertWeb context, the discovery and chaining of modelling resources, and processing 

resources in general, are implemented by means of a realization of the Composition-as-a-Service 

(CaaS) approach, providing the necessary interoperability service framework for adaptation, reuse 

and complementation of existing resources (including geospatial services, as well as uncertainty-

aware services) in the form of executable workflows. 

 

Hence, this document specifies the architectural design of a distributed information system for 

creating, validating, editing, storing, publishing, and executing scientific workflows, referred to as 

the UncertWeb CaaS framework. 

 

This document is mainly targeted at a technical audience and is concerned with ICT aspects only; 

all the other concerns (e.g. quality of data and scientific methods, legal aspects) are out of scope and 

are not considered. 

 

This document is structured in four main sections. This Section 1 provides an introduction to the 

CaaS approach and its background, and establishes the terminology and notation used throughout 

the rest of the document. Section 2 describes the architecture of the UncertWeb CaaS framework. 

Section 3 discusses relevant aspects of the current implementation of the system, including 

assumptions and limitations. Section 4 reports on some preliminary results of the application of the 

UncertWeb CaaS framework to two application scenarios. Conclusions are presented in Section 5. 

1.1 Modelling approaches 

Over the last years, several approaches for integrated and interoperable modelling have been 

proposed and developed. [Nativi 2011] The simplest approach consists of building independent 

tools for running selected simulations. A user interface (often a Graphical User Interface, GUI) 

allows the user to select the parameters and algorithms of the simulation, and to access and 

visualize the output. Such tools are often extensible and act on code that is often open source. 

Sometimes it is possible to access the tool functionalities through an open service interface allowing 

integration with more complex chains, an approach adopted, for example, by OpenModeller
1
. This 

approach facilitates designs that are targeted to specific communities; however, it can be difficult 

for the tools to be integrated into more complex scenarios, since useful capabilities for chaining, 

such as logging and event handling, may not be implemented. An interesting evolution of this 

approach is nanoFORGE/nanoHub
2
, which offers a broad variety of simulation tools that users can 

                                                 
1
 http://openmodeller.sourceforge.net/ 

2
 http://nanohub.org/tools 
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access from their web browser without any software installation on their local machine, following 

the Cloud concept. 

 

A different approach for interoperable modelling lies in the design and adoption of frameworks 

such as the Object Modelling System, ModCom, The Invisible Modelling Environment, the Open 

Modelling, the Spatial Modelling Environment, Tarsier, Interactive Component Modelling System, 

Earth System Modelling Framework, SEAMLESS-IF, etc. These differ in several aspects, including 

domain scope (single vs. multi-disciplinary), functionality (model chaining vs. step-by-step 

simulations), and technology (single vs. multi-platform); such differences reflect the varying needs 

of the target communities. Although these frameworks provide valuable functionality they also 

impose constraints on model developers and integrators, such as requiring a specific programming 

language or development/deployment platform. These constraints limit the breadth of application 

and can increase entry barriers; for example, legacy models may require major modifications before 

they can be included. Because such frameworks are usually closed environments, interoperability of 

spatially distributed models, or of models in different frameworks, can be difficult. 

 

Component-Based Architectures (CBAs) embrace mechanisms and techniques for developing 

coarse yet reusable technical implementation units that are environment-/container-aware. CBA 

adoption may help to overcome some obstacles in interoperability. In a CBA, units of software are 

encapsulated as "components" which interact with other components only through well-defined 

interfaces. This approach allows the internal implementation of the component to remain opaque to 

the rest of the world, and presumably hides much of the complexity of the software. These more 

manageable units of software can be composed together to form applications; in many cases, well-

designed components will be reusable across a number of different applications without internal 

changes. For example, in the Common Component Architecture (CCA) the component specification 

enables code sharing among disparate groups by defining a few simple rules that, when followed, 

allow plug and play compatibility, with minimum impact on performance. In addition, the structure 

of the CCA is such that each application composed of CCA compliant components will be itself a 

component. Moreover, the CCA working group realized that trying to dictate language preference 

to scientists was futile. This is why the CCA separates the abstract mechanism of connecting 

components from the underlying language binding. 

A further evolution is based on Service Oriented Architectures (SOAs). Here, models are exposed 

as services, thus moving the interoperability agreements from the technical environment to the 

interface specifications as in CBAs. Open standards, such as WSDL
3
 and Open Geospatial 

Consortium‟s (OGC) Web Processing Service (WPS) [Schut 2007], help to abstract the resulting 

system from the technologies adopted for implementation, and support modelling on the Web. It is 

also possible to leverage experience from additional domains, such as e-Government and e-

Commerce, where application workflow using BPEL
4
 solutions is a common task. This approach 

enables the integration of legacy systems, and spatially distributed models, in a way closer to the 

Model Web principles. 

 

Moving from dedicated tools to technological frameworks and finally to CBAs and SOAs, the 

implementation of environmental modelling systems becomes less dependent on the underlying 

technology, thus contributing to the achievement of some Model Web Basic Principles, such as the 

minimum barrier to entry. However, even in SOAs, the level of abstraction seems too low for 

implementing the Model Web vision, since to publish an environmental model, the provider still 

must focus on some technological aspects. For example, a proper interface to the model must be 

designed and developed according to strict specifications (e.g. in SOAP or OGC WPS) and it is 

necessary to provide the service description in a register (either through directly publishing the 

                                                 
3
 Web Service Description Language. See http://www.w3.org/TR/wsdl 

4
 Business Process Execution Language. See http://www.oasis-open.org/committees/wsbpel/ 
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description or through metadata harvesting from a service endpoint). This is different from the Web 

scenario, where publishing a document can be done without knowledge about how the Web works 

thanks to very light specifications and the intuitive concept of hyperlinks enabling navigation and 

crawling. Obviously publishing a model is a more complex task, but the recent successes in the 

Semantic Web and Web 2.0, for example, may help to lower the entry barrier for model providers. 

1.2 The CaaS approach 

Users in need of a particular software capability, requested by an established business process, may 

benefit from outsourcing the composition activities into an external first-class service according to 

the CaaS approach. [Rosenberg 2009] [Blake 2010] 

 

This way, the user can be freed from the need of a composition infrastructure and alleviated from 

the technicalities of workflow definitions (type matching, identification of external services 

endpoints, binding issues, etc.) and focus on his/her intended target. Moreover, the user may submit 

an incomplete workflow definition, and leverage CaaS recommendations (that may derive from an 

aggregated knowledge base of user feedback) to execute it. This is of particular interest for 

multidisciplinary scientific contexts, where different communities may benefit of each other 

knowledge through model chaining. 

Actually, the CaaS is presented as an attempt to combine the recent advances in service-oriented 

computing with collaborative research principles, and social network information in general. 

Arguably, the CaaS may be considered a fundamental capability of the Model Web. 

 

1.2.1 CaaS conceptual model 

Figure 1 depicts the concepts of interest for the UncertWeb CaaS, with their mutual relationships. 

 

The base concept is the Business Process, i.e. the overall abstract functionality that the user wants 

to use. A Business Process is modeled into a formal Business Process Model
5
 through a design 

phase characterized by the Composition Approach, implying the implementation of the desired 

functionality by means of existing Processes. Such Processes may be offered by third parties, or by 

the CaaS itself. 

A process may be Atomic or Composite (i.e. decomposable in sub-processes) and is intended as a 

capability that, generally upon invocation, proceeds through a number of actions to a certain 

outcome. In the CaaS context, a process is implemented by a Service, i.e. a distinct part of the 

functionality provided by an entity through an interface (defined as the named set of operations that 

characterize the behavior of the entity). In the UncertWeb CaaS context, we restrict the focus to 

software services, typically implemented as Web Services. Please note that additional 

implementation technologies (not represented in the figure) may be supported by the CaaS (e.g. 

FTP, SMS). 

 

A Business Process Model must be published as an Executable Business Process Model
6
, to allow 

an Execution Engine to carry it out. The resulting Run contains the execution outcome, including 

additional meta-information (error logs, etc.) 

                                                 
5
 Since the referred conceptual entity should be clear from the context, in the rest of this document 

we may refer to “Business Process Model” simply as “Business Process”. 
6
 In the rest of this document we may refer to “Executable Business Process Model” simply as 

“Executable Business Process”. 
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The publication phase entails the resolution of all possibly ambiguous and incomplete aspects (e.g. 

identification of concrete service instances, type and parameter matching) as well as the validation 

of the Business Process Model. 

 

Notably, the CaaS implements a given Executable Business Process as a WPS endpoint, which is 

itself a (Web) Service, and can so be part of other Business Process Models. This is a key aspect of 

the CaaS, since it: 

 Provides a standard interface for invoking Business Processes; 

 Allows recursive compositions of Business Processes into other Composite Processes. 

 

Hence, unlike other workflow solutions, the CaaS allows composing and deploying services on the 

fly: upon successful invocation of the composition and publication services, the newly composed 

service is immediately deployed and available. 

 

 
Figure 1 – CaaS conceptual domain 

 

1.2.2 Related work 

In the last decade, several solutions to enable service chaining and workflow management have 

been presented, often in relationship with Semantic Web issues. [Dustdar 2005] [Srivastava 2003] 

W3C and OASIS are among the main promoters of interoperability and standardization, 

respectively focussing on building consensus and driving development, convergence, and adoption 

in the context of Web technologies and e-business standards. The OGC activated a Workflow 

Domain Working Group, to establish a forum for describing, discussing, and solving any issues 

related to geospatial workflows. 
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Several solutions for scientific workflow management have been implemented to support specific 

research communities, like the well-known Taverna and Kepler. The widely adopted Web Services 

Business Process Execution Language (WSBPEL), the OASIS standard technology for workflow 

implementation, has been considered for scientific applications. [Akram 2006] 

Given the complexity and portability issues of BPEL, the Business Process Model and Notation 

(BPMN) has been proposed as a more user-friendly format to capture workflows, from which a 

BPEL process can be generated. [White 2005] 

 

In relation to the recent ICT trend of resource virtualization, where concepts have been introduced 

such as Infrastructure-as-a-Service, Platform-as-a-Service, Software-as-a-Service, the CaaS 

approach is somewhat at an intermediate level: its “process invocation” functionality may be 

situated at the application level, whereas its “process composition” functionally resembles a 

computational platform onto which arbitrary applications can be implemented. 

1.3 UncertWeb architecture 

The preliminary architecture design of UncertWeb [UW-D2.1 2011] considers the system 

requirements as well as important principles introduced in modern geospatial resource sharing 

systems: the System-of-Systems approach for re-use of existing components; the extension of SOA 

with a broker-based approach to achieve a low entry barrier for both users and providers. 

 

 
Figure 2 – General view of the UncertWeb architecture 

 

As depicted in the general view represented in Figure 2, the CaaS component is at the core of the 

UncertWeb architecture, playing two main roles: 

 

 As a mediator, the CaaS is able to access the available services handling mismatches in the 

interface and (meta)data models; 

 As an orchestrator, the CaaS is able to invoke the necessary services in a correct order to 

execute a complex EBPs. 

 

The CaaS needs to access a Service Registry providing the set of Available Service instances. 

Different levels of Service Registry could be implemented ranging from an internal component of 

the CaaS itself to an external service catalog with query capabilities. The Service Registry 

functionalities should also be exposed to the Composition GUI since the user should be able to 

search and choose between the available services. 
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Taking into account the above, the design of the UncertWeb CaaS is based on the following 

rationale: 

1. Mediation-based architecture (Brokered-SOA); 

2. System-of-Systems approach; 

3. Ease of integration with the Global Earth Observation System of Systems (GEOSS) Common 

Infrastructure (GCI); 

4. Ease of integration with the W3C Web Services technologies. 

 

This rationale should maximize the reusability of existing software modules, in particular the re-

engineering of EuroGEOSS Broker accessors/adaptors into the CaaS framework. 

The architecture of the UncertWeb CaaS system is specified in section 2. 

Open issues and criticalities with respect to the above design choices are identified in section 5.1. 

1.4 Conventions 

1.4.1 Acronyms and abbreviations 

API – Application Programming Interface 

BP – Business Process 

BPEL – Business Process Execution Language 

BPM – Business Process Model; also Business Process Management 

BPMN – Business Process Model and Notation 

CaaS – Composition as a Service 

CBA – Component Based Architecture 

CCA – Common Component Architecture 

COTS – Commercial off-the-shelf 

CRS – Coordinate Reference System 

DCP – Distributed Computing Platform 

EBP – Executable Business Process (Model) 

EBPM – see EBP 

FTP – File Transfer Protocol 

FP7 – Seventh EU Framework Programme for Research and Technological Development 

GBIF – Global Biodiversity Information Facility 

GCI – GEOSS Common Infrastructure 

GEOSS – Global Earth Observation System of Systems 

GML – Geography Markup Language 

GUI – Graphical User Interface 

HTTP – Hypertext Transfer protocol 

ICT – Information and Communication Technology 

ID – Identifier 

INSPIRE – Infrastructure for Spatial Information in Europe 

IP – Identity provider 

ISO – International Organization for Standardization 

JSON – JavaScript Object Notation  

KVP – Key-value pair 

OGC – Open Geospatial Consortium 

O&M – Observation and Measurements 

OS – Operating System 

OWS – OGC Web Service 

RMI – Remote Method Invocation 

RM-ODP – Reference Model of Open Distributed Process 



 

  16 

RPC – Remote Procedure Call 

SOA – Service-Oriented Architecture 

SOAP – Simple Object Access Protocol 

SWG – Standard Working Group 

TIFF – Tagged Image File Format 

UC – Use Case 

UML – Unified Modeling Language 

UncertML – Uncertainty Markup Language 

WAYF – Where Are You From 

WCS – Web Coverage Service 

WFS – Web Feature Service 

WP – Work Package 

WS – Web Services 

WSBPEL – Web Services Business Process Execution Language 

WSP – Web Service Provider 

XML – Extensible Markup Language 

 

1.4.2 Notation 

Several diagrams appearing in this document are presented using the UML notation. UML class 

diagram notation is briefly described below. 

 

 
Figure 3 – UML class diagram notation 

 

In this document, the following stereotypes of UML classes may be used: 

 

a) <<Interface>> is a definition of a set of operations that is supported by objects having this 

interface. An Interface class cannot contain any attributes. 

b) <<DataType>> is a descriptor of a set of values that lack identity (independent existence 

and the possibility of side effects). A DataType is a class with no operations whose primary 

purpose is to hold the information. 

	

 Association between classes 

role-1 role-2 

Association Name 
Class #1 Class #2 

Association Cardinality 

Class 
Only one 

Class 
Zero or more 

Class 
Optional (zero or one ) 

1..* 
Class 

One or more 

n 
Class 

Specific number 

Aggregation between classes 

Aggregate 
Class 

Component 
Class #1 

Component 
Class #2 

Component 
Class #n 

………. 

   * 

0..1 

Class Inheritance (subtyping of classes) 

Superclass 

Subclass #1 

………….. 

Subclass #2 Subclass #n 
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c) <<CodeList>> is a flexible enumeration that uses string values for expressing a list of 

potential values. 

d) <<GUI>> is a Graphical User Interface, providing graphical controls for human interaction 

with underlying software instances. 

 

In this document, the following standard data types may be used: 

 

a) CharacterString – A sequence of characters. 

b) Integer – An integer number. 

c) Double – A double precision floating point number. 

d) Float – A single precision floating point number. 
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2 CaaS architecture 

This section describes the CaaS architecture. The chosen methodology is based on the Reference 

Model for Open Distributed Processing (RM-ODP), a joint International Standard of ISO/IEC and 

ITU-T. [RM-ODP 2009] Strict adherence to it is sometimes sacrificed for the sake of clarity. 

 

The next sections describe the system from the following complementary points of view: 

 Business view – use-cases and policy of use; 

 Information view – data structure and information flow; 

 Computational view – functional modules and interfaces; 

 Engineering view – component distribution and communication protocols; 

 Technology view – technologies/implementations of choice. 

2.1 Business view 

In this section, the CaaS system is analysed from a high-level, user-centred point of view. 

The objective of this analysis is to identify the purpose, scope and policies of the system. 

 

2.1.1 User requirements 

Table 1and Table 2 collect the user requirements for the UncertWeb CaaS system. 

The requirements are derived from the more general ones specified in [UW-D2.1 2011]. 

 
Table 1: Functional requirements 

Id Requirements 

F1 Definition Business Process by mean of Composition of Services and previously 

defined Business Process  

F2 Computer aided completion/optimization of partially defined Business Processes 

F3 Availability of a set of Services with support for deterministic and uncertain data and 

processes 

F4 Discovery of available published Services 

F5 Publishing of Executable Business Processes 

F6 Availability of spatial, temporal and spatiotemporal aggregation and disaggregation 

Services including uncertainty 

 
Table 2: Non-functional requirements 

Id Requirements 

NF1 Definition of Business Processes by means of standard notations and encodings 

NF2 Execution of Executable Business Processes by means of standard execution Services 

(e.g. WPS) 

NF3 Interoperability with services based on Community-of-Practice specifications (also 

selected and relevant proprietary specifications) 

NF4 Interoperability: adoption of common geospatial standards (ISO, OGC, etc.) where 

existing, and proposal of extensions where required. 
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2.1.2 Actors 

The following actors are identified: 

 Final User – actor who is interested in accessing the CaaS system to generate knowledge 

through the composition of services, e.g. researcher, decision-maker; 

 Designer – actor who is responsible of designing Business Processes and publishing them as 

Executable Business Processes 

 Provider – actor who is willing to contribute services (process, data and other) to the CaaS 

system; 

 System administrator – actor in charge of the CaaS system administration from an ICT 

point of view, e.g. Web master, sysop, sysadmin. 

 

This specification does not identify the need to consider also groups of users, similarly to the usual 

organization of users in modern operating systems. However, user groups may be a convenient 

means of simplifying some of the use-cases below, e.g. the management of authorizations. The 

decision on this issue is left to the system implementation. 

2.1.3 Use-cases 

The main identified system use-cases are depicted in the following diagram and elaborated in the 

following sections, per each of the above actor types. 

 

 
Figure 4 – Use-case diagram of the CaaS system 

2.1.3.1 Final User use-cases 
UC1. Discover an Executable Business Process 

the user browses and examines the (possibly distributed) library of available Executable 

Business Processes. 
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UC2. Execute an Executable Business Process 

the user launches the execution of a selected EBP, e.g. a model run. The user is able to 

access the input and outputs of the recently executed EBP. 

2.1.3.2 Designer use-cases 
UC3. Discover an Executable Business Process 

same as UC1. 

UC4. Execute an Executable Business Process 

same as UC2. 

UC5. Discover a Service 

the user browses and examines the (possibly distributed) library of available Services. 

UC6. Discover a Business Process 

the user browses and examines the (possibly distributed) library of available BPs. 

UC7. Compose a Business Process 

the user composes the discovered services (UC5) and BPs (UC6) to create a BP by means of 

an editor, and then saves it to the library of available BPs. 

UC8. Publish a Business Process as Executable 

the user publishes the BP as an Executable BP, which is stored in the (possibly distributed) 

library of available Executable BPs. 

2.1.3.3 Provider use-cases 
UC9. Publish a Service 

the provider defines and registers a Service (e.g. a certain type of process service or data 

access service) in the library of available Services. 

2.1.3.4 System administrator use-cases 
UC10. Manage users 

the system administrator creates, deletes, or edits a user. This use-case may imply the 

generation of digital certificates, or any other device required by the implemented 

authentication technology. 

2.1.4 Use scenarios 

The following paragraphs exemplify possible “happy paths” enabled by the CaaS as a particular 

instantiation of some of the above use-cases. Two concrete applications of the UncertWeb CaaS are 

reported in section 4. 

 A Designer composes a Business Process to enable support to uncertain inputs and 

parameters for a deterministic processing model. The new features are implemented 

through a Monte Carlo simulation process realized composing ad hoc Services available 

in the CaaS Service libraries. The user publishes the newly created Business Process as 

an Executable Business Process. 

 A Final User discovers a recently published EBP (e.g. from Scenario 1) and tries to 

execute it with the default dataset values. The user then contacts a System Administrator 

to request also the grants to publish new services (Provider role). After receiving the 

permissions, the user publishes a new Access service in the CaaS library and then 

executes again the EBP, with input datasets provided by the newly added Access 

service. 

 

2.1.5 System requirements 

Expanding the above use-cases, we broadly identify the following required capabilities of the 

UncertWeb CaaS system: 

 Support the editing and validation of BPs 
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 Publish appropriately annotated BPM as EBPs; 

 Store BPs and EBPs; 

 Dynamic discovery and invocation of processing services, including EBPs; 

 Service taxonomy management (process classification); 

 Execution of partially-defined/ambiguous BPs (process casting, adaptation, mediation); 

 Support for other workflow languages. 

2.2 Information view 

In this section, the CaaS system is analysed with respect to its informative content and associated 

processing. 

The objective of this analysis is to precisely identify the system data and metadata models, as well 

as the related encoding formats. 

2.2.1 Data model 

The data models and formats relevant to the CaaS are: 

 BPMN – for business process models encoding (including executable ones); 

 UncertML – for uncertainty description; 

 netCDF-U – for raster data. 

 

Other formats of interest, possibly to be considered in CaaS future evolutions, are: 

 O&M-U – for vector data. 

 

The following sections describe the above data models and formats. 

 

2.2.1.1 BPMN 
The primary goal of BPMN is to provide a notation that is readily understandable by all business 

process users, from the business analysts that create the initial drafts of the processes, to the 

technical developers responsible for implementing the technology that will perform those processes, 

and finally, to the business people who will manage and monitor those processes. 

Thus, BPMN creates a standardized bridge for the gap between the business process design and 

process implementation. 

Another goal, but no less important, is to ensure that XML languages designed for the execution of 

business processes, such as WSBPEL (Web Services Business Process Execution Language), can 

be visualized with a business-oriented notation. 

The intent of BPMN is to standardize a business process model and notation in the face of many 

different modeling notations and viewpoints. In doing so, BPMN provides a simple means of 

communicating process information to other business users, process implementers, customers, and 

suppliers. 

2.2.1.2 UncertML 
UncertML 2.0, documented in UncertWeb deliverable D1.2 [UW-D1.2 2011], has three distinct 

packages form the core: statistics, distributions and samples. Each package within version 2.0 

contains a set of types as a consequence of the hard-typed design. Each package contains an abstract 

super-type that every hard-type extends; in turn these abstract super-types extend the UncertML 

root element: AbstractUncertainty. This substitutability chain (e.g. AbstractUncertainty – 

AbstractStatisitic – Mean) provides a logical grouping of elements that can be used in aggregate 

types such as the MixtureModel and StatisticsCollection types. These abstract types provide an 

extensibility point for users to extend the default functionality of UncertML 2.0 with additional 

elements to meet their requirements, although we anticipate the core UncertML 2.0 types will be 
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sufficient for all UncertWeb applications and most applications beyond UncertWeb. Further details 

on UncertML can be found in the UncertWeb deliverables; the requirements for UncertML are 

provided in D1.1, the design is documented in D1.2 and details of the associated parsing and 

encoding Application Programming Interface (API) is provided in D1.3. 

2.2.1.3 NetCDF-U 
NetCDF-U [Bigagli 2011] uses the UncertML specification to encode uncertainty information in a 

netCDF dataset. It takes into account the proposed UncertML best practices. [UW-D1.2 2011] 

The NetCDF-U approach uses an uncertML_ref attribute within the netCDF file to refer to 

UncertML dictionary definition of the netCDF variables. 

The ancillary_variables attribute can be used to link to associated uncertainty variables as described 

in the NetCDF Climate and Forecast Metadata Conventions. 

For uncertainty encoding, two different approaches are considered: encode uncertainty as 

dimensions or as variables. 

2.2.1.4 O&M-U 
O&M-U, documented in UncertWeb deliverable D8.1  [UW-D8.1 2011] , uses the UncertML 

specification to encode uncertainty in observations encoded in OGC‟s Observations & 

Measurements (O&M) format [Cox 2011]. The uncertainties can either be encoded as observation 

results or as observation metadata using the resultQuality element of an observation. Furthermore, 

the O&M-U profile also defines a subset of the OGC Geography Markup Language (GML) [Portele 

2007] in order to restrict the spatial and temporal geometries available to those that are required by 

the UncertWeb usage scenarios. Besides an XML encoding, a JSON encoding has been developed 

to ease development of thin web clients that need to process the observations. 

2.2.2 Metadata model 

Metadata are used to support discovery, evaluation and access to data, observations and other 

resources (e.g. services, EBPs). 

The CaaS metadata model is based on ISO 19115 [ISO/IS 19115:2003(E)] and ISO 19119. [ISO/IS 

19119:2003] 

2.2.3 CaaS Conventions 

A set of CaaS conventions was defined for the CaaS to be able to bind a Business Process to the 

proper mediation module (see section 2.3.2.1) during the pre-processing phase. Therefore, these 

conventions must be observed during the design phase of the BP. This can be achieved annotating 

the BP document; that is, since the CaaS uses the BPMN standard for the design of BPs, the BPMN 

documents must be annotated with the CaaS conventions. 

In the following sections we describe the taxonomy of BP components that are supported by the 

CaaS and how to add the CaaS conventions to a BPMN document. 

2.2.3.1 Taxonomy of BP Components 
The BP components supported by the CaaS are categorized according to their functionalities. Four 

main categories are defined: 

1. Access Components: these are in charge of executing the data access operations; 

2. Publish Components: these are in charge of publishing one or more dataset on standard 

access services; 

3. Processing Components: these provide all functionalities that execute some kind of 

processing; 

4. Utils Components: these provide some utility functions (e.g. matrix inversion). 
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Each of the above categories is structured in sub-categories, which specialize the functionalities of 

the parent category. This structure defines the taxonomy of BP components for the CaaS. 

 

The complete taxonomy of BP components presently supported by the CaaS is listed in Table 3. 

Each of the categories and sub-categories are associated with an ID; the composition of IDs 

separated by a “:” character identifies a particular type of component in the CaaS. As an example, a 

component to access an OGC Web Coverage Service (WCS) [OGC, 2003] is identified by 

“access:raster”. It is also possible to specify an incomplete sequence of IDs (e.g. “access”); in this 

case the CaaS will try, during the execution phase, to read the capabilities of the service available at 

the endpoint provided by the user (see Process selector in section 2.3.3). If the service type is 

among the ones supported by the CaaS, the proper mediation module will be invoked; otherwise a 

run-time exception will be returned to the user. Another drawback of defining incomplete sequences 

of IDs is that the pre-processing phase cannot be as accurate as in the case of complete sequences 

because the CaaS has incomplete information about the remote service that will be invoked at run-

time. Other component types might be added in future. 

As far as GeoProcessing sub-category, we have used the taxonomy defined in the ISO 19119 

standard [ISO/IS 19119:2003]. Environmental models, such as “eHabitat”, are sub-categories of the 

“GeoParameter Calculation” category. 

 
Table 3: Business Process Component Taxonomy 

 

BP  Description ID 

Processing  processing 

 GeoProcessing (ISO 19119)  geoprocessing 

  Spatial  spatial 

   Coordinate Conversion Component to change coordinates 

from one coordinate system to another 

coordinate system that is related to the 

same datum. 

crsconv 

   Coordinate 

Transformation 

Component to change coordinates 

from a coordinate reference system 

based on one datum to a coordinate 

reference system based on a second 

datum (coordinate transformation 

differs from a coordinate conversion in 

that the coordinate transformation 

parameter values are derived 

empirically: therefore there may be 

several different estimations – or 

realizations). 

crstran 

   Sub-setting Component that extracts data from an 

input in a continuous spatial region 

either by geographic location or by 

grid coordinates.  

 

subset 

   Sampling Component that extracts data from an 

input using a consistent sampling 

scheme either by geographic location 

or by grid coordinates. 

sampler 
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   Coverage/Vector 

Conversion 

Component to change the spatial 

representation from a coverage 

schema to a vector schema, or vice 

versa. 

cvconv 

  Temporal  temporal 

   Sub-setting Component that extracts data from an 

input in a continuous interval based on 

temporal position values. 

subset 

   Sampling Component that extracts data from an 

input using a consistent sampling 

scheme based on temporal position 

values. 

sampler 

  Thematic  thematic 

   GeoParameter 

Calculation 

Component to derive application-

oriented quantitative results that are 

not available from the raw data itself. 

gpc 

 Data Manipulation  datamanipulation 

  Statistics Extraction Component that calculates the 

required statics from a set of sample 

datasets. 

statisticsextraction 

  Monte Carlo Realization Component that executes Monte Carlo 

simulation to extract a variable 

number of realizations from an 

uncertain dataset. 

montecarlorealization 

 Access  access 

  Raster Component that accesses services 

providing raster datasets. 

raster 

  Vector Component that accesses services 

providing vector datasets. 

vector 

 Publish  publish 

  Raster Component that publishes raster 

datasets on standard access services 

(i.e. WCS). 

raster 

  Vector Component that publishes vector 

datasets on standard access services 

(i.e. Web Feature Service, WFS). 

vector 

 Utils  utils 

  Multiplexer Component that extracts a set of 

datasets from along a given dimension 

one input dataset. 

multiplexer 

  MultiplexerU Component that extracts a set of 

realizations from a NetCDF-U dataset. 

multiplexerU 

  Demultiplexer Inverse operation of the Multiplexer 

component. 

demultiplexer 

  Matrix Transpose Component that executes a matrix 

transposition operation 

scrambler 

  Format Conversion Component that changes the format 

encoding of a given dataset 

formatconv 

 



 

  25 

An important element when designing complex BPs is the use of loops. Generally, BP loop 

components are identified with specific elements. Therefore, these conventions do not define a 

specific ID for loop components. However, it is possible during the design phase to specify whether 

a loop has a pre-defined number of iterations or not. In the first case the loop element is annotated 

with the number of iterations. In the second case the loop element is annotated with a „?‟ character. 

2.2.3.2 BPMN annotation 
BPMN is mainly a “graphical” standard for defining high-level BPs. However, since version 2.0, 

BPMN provides also a standard for XML encoding of BPMN documents. The best solution for 

adding the CaaS conventions to BPMN document would be to annotate the XML document. 

However, presently, no Graphical User Interface allows to easily adding annotation to a BPMN 

document; the user should then edit the raw XML document to add annotations in the proper fields. 

According to CaaS philosophy we decided to adopt a solution that avoids the editing of XML 

documents by the users. Thus, when designing the BP the user is required to name components 

according to the following pattern: 

[<component type>] <component name> 

where <component type> must be a valid component type IDs sequence for the CaaS (see section 

2.2.3.1) and <component name> is a free text indicating the human readable name of the 

component. The CaaS Preprocessor (§2.3.2.1) uses the value of <component type> to bind the 

BPMN to the corresponding mediation module. 

2.3 Computational view 

In this section, the CaaS system is analysed with respect to its functional decomposition into 

computational entities that interact at interfaces. 

The objective of this analysis is to precisely identify the system functional blocks and their mutual 

relationships. 

 

Figure 5 – CaaS functional packages (top three) and external process package (bottom) 
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As depicted in Figure 5, the functions implemented by the CaaS system are layered in three distinct 

packages; the system itself relies on external resources (represented in the bottom package, not part 

of the CaaS), for the actual implementation of the required processes. Each layer is in charge of 

exposing specific services to the upper layer, in turn exploiting those exposed by the lower level. 

This organizational pattern promotes composability and separation of concerns. 

The following sections elaborate on the three functional packages, broadly describing their 

associated functions and responsibilities. 

 

2.3.1 User interface package 

This layer provides means for the users to interact with the CaaS: 

 Editor encapsulates functionalities for creating and editing BPs; 

 Library provides BP persistence, as well as a repository of known processes; 

 Execution Console encapsulates functionalities for executing the BPs. 

 

2.3.2 Mediation package 

This layer implements the core CaaS business logic through the following components: 

 The Preprocessor implements BP transformation from an abstract to an executable BP; 

 The Orchestrator is in charge of executing transformed BPs, coordinating the sequences 

and interconnections of the appropriate processes. 

 

 

 
Figure 6 – Functionalities of the Mediation package 

 

2.3.2.1 CaaS Preprocessor 
The main functionality of the Preprocessor is to fill the gap between abstract BPs defined by the 

user and the concrete workflow representation needed by the CaaS execution engine. 

In order to implement the transformation from an abstract BP representation to an executable one, 

the Preprocessor must firstly bind each of the abstract components in the BP to the proper mediation 

module. To do this, the CaaS conventions described in section 2.2.3 are used. After this first 

binding phase, the Preprocessor executes a check of component compatibility. This is possible 

because each mediation module has a well-defined set of I/O parameters. Thus, checking the 

compatibility of two components essentially means checking that their input/output datasets are 

mutually compatible. Consider the example in Figure 7a, in this case the Component A outputs a 

dataset encoded in GeoTIFF format; the Component B expects as input a dataset encoded in 
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NetCDF. This generates a CaaS Parameter Mismatch which the Preprocessor tries to solve by 

inserting the proper component among the available ones in its registry – Figure 7b. 

 

 
 

Figure 7 – CaaS parameter mismatch resolution 

 

 

Finally, the Preprocessor generates the set of I/O parameters for the BP storing them in the CaaS 

internal data model. This information is used to generate proper ProcessDescription documents for 

the OGC WPS interface of the CaaS. 

An example of the Preprocessor functioning is given below. Figure 8 depicts the BPMN for the 

eHabitat use scenario described in section 4.1; this is the document that the designer submits to the 

CaaS for publication. After the Preprocessor has executed the operations described above, the 

resulting executable document is depicted in Figure 9, where gears indicate that the component has 

been successfully bound to a mediation module and the component rounded in red is the one which 

was added to solve a CaaS Parameter Mismatch. In fact, the output datasets of the eHabitat model 

are encoded as GeoTIFF files, but the Demultiplexer component work with netCDF files; thus the 

Preprocessor has added a component which performs the format encoding conversion. 

 

2.3.3 Adaptation package 

This layer provides functionalities to interface to the actual external processes realizing the 

workflows (i.e. remote proxy, façade, adapter). All mediation components towards external services 

stay in this package. In addition, the Process selector component is included to support the 

implementation of abstract processes onto suitable mediation modules. When the abstract 

component is defined by an incomplete sequence of taxonomy IDs, the Process selector is called at 

run-time in order to read the capabilities of the remote service and call the proper mediation module 

(if available). 
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Figure 8 – eHabitat BPMN 
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Figure 9 – Preprocessed eHabitat BPMN 
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2.4 Engineering view 

In this section, the CaaS system is analysed with respect to the mechanisms and functions 

supporting its physical distribution into interacting nodes. 

The objective of this analysis is to precisely identify the components implementing the services of 

the CaaS system and their mutual relationships over an enabling Distributed Computing Platform 

(DCP). 

2.4.1 System components 

The main components of the UncertWeb CaaS system are depicted in Figure 10, with their 

interfaces and interconnections. The CaaS features two internal GUIs, respectively for editing 

BPs/EBPs and for executing EBPs. A BP library and a Service library may be used during editing 

and/or during execution for (possibly dynamic) binding to service instances. Service instances may 

be added to the library by means of an external interface. Other interfaces support external BPMN 

editors and WPS clients, for EBPs execution. The following sections elaborate on the UncertWeb 

editor and the Execution engine components. 

 

  
Figure 10 – CaaS components 

2.4.1.1 UncertWeb editor 
The UncertWeb CaaS editor (see Figure 11) is a presentation component that implements the 

following services: 

 User interface to allow BP creation and editing; 

 Discovery of available components/BPs; 

 Preprocessing of abstract BPs. 
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Figure 11 –Internal structure of UncertWeb editor 

 

2.4.1.2 Execution engine 
The Execution engine (see Figure 12) is in charge of running the executable BPs coordinating the 

sequences and interconnections of the mediation modules. This publishes a standard OGC WPS 

interface. Each of the available BP is described by a ProcessDescription document. 

 

 
Figure 12 – Internal structure of the Execution engine 

2.4.2 WSDL annotation 

The WSDL document generated for a set of processes currently only contains a technical 

description of the messages, bindings, and endpoints. The metadata elements described in the next 

section can be used to add information about, for example, the support and resolution of an input. 

These metadata elements are integrated in the WSDL document using XSD annotation tags, as 

shown below. 

 
<xsd:element name="Temperature" minOccurs="1" maxOccurs="1"> 

<xsd:annotation> 

        <xsd:documentation> 

            @spatial-crss http://www.opengis.net/def/crs/EPSG/0/4326 

            @variable-units-of-measure degrees Celcius 

        </xsd:documentation> 

    </xsd:annotation> 

    <xsd:complexType> 

        <xsd:choice> 

            <xsd:element ref="om:OM_Measurement" /> 

            <xsd:element ref="ps:DataReference" /> 

        </xsd:choice> 

    </xsd:complexType> 

</xsd:element> 
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2.4.3 WPS annotation 

At the moment, the ProcessDescription returned by a WPS just contains information about the type 

of inputs and outputs, but no additional information. Thus, clients cannot, for example, retrieve 

information about the support and resolution of the inputs and/or output. Hence, a metadata profile 

is developed for the service interfaces we use in UncertWeb. The metadata profile contains the 

following elements: 

 spatial-resolutions: describes the spatial resolution of the input/output 

 spatial-support-types: describes the type of spatial support (e.g. value belongs to the centre 

of a grid cell or value belongs to whole grid cell) 

 spatial-crss: the spatial reference system for the spatial coordinates (e.g. EPSG:4326) 

 spatial-geometry-types: the geometry types of the input/output (e.g. rectified grid) 

 spatial-domain: the spatial extent provided as minx, miny, max, maxy 

 temporal-resolutions: temporal resolutions that of the inputs/outputs (e.g. 1min, 1hour, 1 

day) 

 temporal-support-types: type of temporal support (e.g. point in time or duration in time) 

 temporal-domain: temporal extent of input/output provided as begin and end date 

 variable-phenomena: phenomenon that is represented by a variable´(e.g. 2m surface 

temperature) 

 variable-uncertainty-types: types of uncertainties that are provided for the variable (e.g. 

Realisations) 

 variable-units-of-measure: the unit of measurement (e.g. degF) 

 misc: additional metadata that is not specified in the other items. 

 

The metadata profile is integrated in the WPS process descriptions using the ows:Metadata element 

as shown below. 

 
<DataInputs> 

    <Input minOccurs="1" maxOccurs="1"> 

        <ows:Identifier>GaussianDistribution</ows:Identifier> 

        <ows:Title>GaussianDistribution</ows:Title> 

        <ows:Abstract>GaussianDistribution</ows:Abstract> 

        <ows:Metadata> 

            <wps:UncertWebMetadata> 

                @spatial-support-types: cell centre 

                @spatial-crss: EPSG:4326 

                @spatial-resolutions: 1km 

            </wps:UncertWebMetadata> 

        </ows:Metadata> 

        <ComplexData> 

            <Default> 

                <Format> 

                    <MimeType>application/netcdf</MimeType> 

                </Format> 

            </Default> 

    </Input> 

</DataInputs> 

 

As the ows:Metadata element shall contain an element of ows:AbstractMetadata, a new type 

UncertWebMetadata has been created that is a subtype of the ows:AbstractMetadata element and 

contains the elements above encoded as text with key value pairs. The ows:Metadata element is 

provided for the ProcessDescriptions and also for each Input and Output element. Thus, metadata 

can be encoded for the whole process, but also for specific Inputs or Outputs. 
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2.5 Technology view 

In this section, the CaaS system is analyzed from the point of view of its enabling technological 

solutions. The objective of this analysis is to specify the ICT artifacts, either Commercial off-the-

shelf (COTS) or ad-hoc, needed for implementing the system. 

The UncertWeb CaaS builds on the JBoss jBPM technology
7
, which is briefly described below. 

2.5.1 JBoss jBPM 

The JBoss jBPM libraries are used in the CaaS to implement the Orchestrator functionalities. This 

technology has been chosen because it supports the BPMN 2.0 standard and XML encoding. 

The core of jBPM is a lightweight, extensible workflow engine written in pure Java that allows 

executing annotated BPs using the latest BPMN 2.0 specification. 

jBPM is based on a generic process engine, and thus is able to support multiple process languages 

natively. jBPM5 (used by the CaaS) focuses on BPMN 2.0 as the language for expressing business 

processes. 

A list of other BPM technologies that we have evaluated is reported in Appendix A, with possible 

annotations on their suitability to the implementation of the CaaS. 

  

                                                 
7
 http://www.jboss.org/jbpm 
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3 Implementation 

The first release of the CaaS does not implement all components /functionalities described in the 

architecture. In this first prototype implementation we concentrated on the functionalities needed to 

run the use scenarios. 

As far as functional components, the present implementation does not include the CaaS Editor. 

Moreover, in the next section we list the assumptions, requirements, and limitations of present 

prototype. 

3.1 Assumptions 

 Every netCDF file contains one and only one “primary_variable”; 

 Every netCDF grid is equally spaced. 

3.2 Requirements 

3.2.1 Publishing service has to reside on the same host as the CaaS service 

The Execution Console client is currently developed as a web application (HTML / CSS / 

JavaScript). For this reason the WPS client embedded in the Execution Console is able to directly 

connect only to the host of the CaaS service due to the browser Same Origin Policy restrictions. 

Since the WPS client needs to retrieve the process responses from the publisher service in order to 

support asynchronous interactions, it is currently mandatory to deploy the publishing service on the 

same host as the CaaS service. 

3.2.2 Publishing service has to reside on a host with a public IP address 

The publishing service contents are often directly accessed by many of the services involved in the 

business processes. For this reason it has to be deployed on a host with a public IP address. 

3.3 Limitations 

3.3.1 Single publishing service 

Many CaaS components rely at the moment on a publishing service to implement the persistent 

storage of input/output datasets. The WPS service also uses the publishing service to store the 

asynchronous responses and some of the process outputs. 

It is currently possible to configure only one publishing service shared between the WPS service 

and all the components. 

 

3.3.2 Sequential and Parallel Loops 

BPMN allows defing two types of loops: sequential and parallel. Presently, the CaaS is able to 

manage sequential loops only. It is not possible to run a loop defined as a parallel loop. 
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4 Test and evaluation 

The UncertWeb CaaS system has been tested and evaluated in two concrete application scenarios 

(described in the following sections), with the objective to demonstrate its main capabilities 

(invocation of a composition of uncertainty-enabled software services expressed in BPMN 2.0). 

The following issues were out of scope: 

 Visual composition and editing of workflows (addressed in a future release of the 

UncertWeb CaaS); 

 Scientific validation of the scenario; 

 Admissibility of the scenario assumptions (e.g. availability of uncertainty description for the 

input datasets). 

4.1 eHabitat use scenario 

This scenario implements a Monte Carlo simulation performed on the deterministic eHabitat 

ecological model. Starting from input datasets with related uncertainty description (encoded in 

netCDF-U), the user composes a set of available services to generate a Monte Carlo simulation on 

the eHabitat model in order to derive a statistics of the output datasets (again encoded in netCDF-

U). 

4.1.1 Storyboard 

The high-level storyboard of the eHabitat scenario is: 
 

1. The user accesses the CaaS web-based execution console and selects the Business Process 

of interest from a list of pre-defined ones (the one described below and some other minor 

variants). 

2. The execution console presents a form dynamically generated from the WPS Describe 

process document relative to the user selected Business Process. The form is used to specify 

the Business Process execution parameters (possibly retrieved by means of a discovery 

phase, which is out of scope here). 

3. The user issues the execution of the Business Process with the specified parameters, causing 

the sending of a WPS request to the CaaS. 

4. The CaaS executes the specified Business Process and notifies the user upon its conclusion 

with the presentation of the output. 

 

Future refinements/improvements of the scenario (to be defined and scheduled) may allow the 

following: 

 The user designs/edits the Business Process (comprehensive of uncertainty-enabled 

components, e.g. UTS) with a Web-based BPMN 2.0 editor. 

 The user browses a remote repository of pre-defined Business Processes (cf. Drools 

Guvnor). 

 The CaaS elaborates the user Business Process to insert appropriate execution binding 

information. 

4.1.2 Business Process Specification 

The BPMN diagram of the eHabitat scenario is depicted in Figure 13. The following sections detail 

its input, output and activities. 
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Figure 13 –BPMN diagram of the eHabitat scenario 
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4.1.2.1 Business Process Input 
 <URL> $OWCS  - URL to the Capabilities document of the output WCS-T (optional; 

default chosen by CaaS) 

 <list<URL, string>> - absolute identifiers of environmental layers (WCS  Capabilities URL 

and coverage ID) (length == $M) 

 <int> $N  - number of realizations 

 <string> $PA  - Protected Area identifier 

 <string> $AOI  - A bounding box describing the Area of Interest 

4.1.2.2 Business Process Output 
<URL> $OWCS - URL to the Capabilities document of the output WCS-T 

<string> - identifier of the netCDF-U dataset with distribution/summary statistics result 

4.1.2.3 Business Process Activity 
 [access:wcs] WCS Access 

o Invoked once per each environmental layer ($M times) 

o access each WCS input datasets and publish it as a <URL> 

o Input 

 <URL, string> - URL to the Capabilities document of the input WCS and 

identifier of environmental layers to be retrieved 

 <string> $AOI  A bounding box describing the Area of Interest 

o Output 

 <URL> - reference to a NetCDF-U dataset (NetCDF file with Uncertainty 

conventions) 

  [processing:datamanipulation:montecarlorealization] UTS to realizations (UTS-1) 

o Invoked once per each environmental dataset ($M times) 

o Input 

 <URL> - reference to a NetCDF-U dataset (NetCDF file with Uncertainty 

conventions) 

 <int> $N - number of realizations 

o Output 

 <URL> - reference to a realisation NetCDF-U dataset (NetCDF file 

containing $N realization layers) 

 [utils:multiplexerU] Multiplexer 

o Invoked once per each environmental dataset ($M times) 

o Input 

 <URL> $SOURCE - reference to a realisation NetCDF-U dataset (NetCDF 

file containing $N realization layers) 

o Output 

 <list<URL>> - list of the realisation NetCDF-U datasets URLs 

o Activity 

 Download $SOURCE 

 Create $N coverages, one per each realisation contained in $SOURCE 

 [utils:scrambler] Scrambler 

o Input 

 <list<list< ? >> - list of $M lists of arity $N 

o Output 

 <list<list< ? >> - list of $N lists of arity $M 

o Activity 

 Check that all the $M list items have the same arity $N 

 Scramble the list elements 
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 [publisher:raster] Publisher 

o Input 

 <list<URL>> $SOURCE - reference to a realisation NetCDF-U dataset 

(NetCDF file containing $N realization layers) 

 <URL> $OWCS - WCS-T 1.1 used to publish 

o Output 

 <list<$OWCS, string>> - realisation set with the absolute identifiers (WCS 

URL and coverage ID) of the realisation NetCDF-U datasets 

o Activity 

 Publish each of the coverages to the $OWCS WCS-T 1.1 (i.e. GI-WCS) 

  [processing:geoprocessing:thematic:gpc:ehabitat] eHabitat 

o Invoked once per each realisation set ($N times) 

o Input 

 <string> $PA - Protected Area identifier 

 <list<URL>> - WCS describeCoverage URLs of the $M realisation 

coverages 

 <string> $AOI - The bounding box describing the Area of Interest 

o Output 

 <URL> - NetCDF dataset with the Mahalanobis distance results 

o Activity 

 Check that $M == 3 (was an eHabitat constraint when the business process 

was designed) 

 Invoke eHabitat, that will retrieve the coverages in geoTIFF format (current 

eHabitat constraint) 

 Convert eHabitat geoTIFF result to NetCDF 

 [utils:demuiltiplexer] Demultiplexer 

o Input 

 <list<URL>> - list of $N NetCDF datasets with the Mahalanobis distance 

results 

o Output 

 <URL> - NetCDF-U realisation dataset 

o Activity 

 Aggregate the $N result NetCDF files in one realisation NetCDF-U dataset 

  [processing:datamanipulation:statisticsextraction] UTS Statistics extraction (UTS-2) 

o Input 

 <URL> - NetCDF-U realisation dataset 

o Output 

 <URL> - reference to a NetCDF-U dataset with distribution/summary 

statistics 

o Activity 

 Send the input dataset to the UTS (embedded in a WPS request) 

 [publisher:reaster] Publish result on WCS-T 

o Input 

 <URL> - reference to a NetCDF-U dataset with distribution/summary 

statistics 

 <URL> $OWCS - URL to the Capabilities document of the output WCS 

o Output 

 <string> - identifier of the NetCDF-U dataset with distribution/summary 

statistics result 

o Activity 

 Publish the input dataset to $OWCS 
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4.1.3 UPS 

The UPS serves as a proxy service for non uncertainty-enabled WPS that encapsulate a model. It is 

able to parse and generate the encodings described in section 3.1. 

The main task is to run Monte Carlo simulations over the underlying Model WPS to estimate the 

uncertainty propagation between the model inputs and outputs. This task can be executed either by 

the UncertWeb architecture framework or the UPS allowing more flexibility in uncertainty enabled 

service chains. 

The UPS offers one process named "ExecuteMonteCarloSimulation" that has a fixed set of inputs 

and outputs. The inputs are pre-processed according to the needs of the model and the process will 

perform Monte Carlo simulations, i.e. execute the model-WPS, a specified number of times. The 

outputs of the Monte Carlo simulations are gathered, post-processed and send back to the user. 

Depending on the inputs and desired outputs of the process the UTS (see section 4.1.4) will be 

involved in the pre-processing as well as the post-processing of the data. 

4.1.4 UTS 

This service, exposed as a WPS or SOAP/WSDL interface, allows the conversion between 

UncertML types. The current prototype of the UTS supports the conversion from a Gaussian 

distribution to samples and the conversion from a set of samples to descriptive statistics like mean 

or variance. In the next phases of the project, the UTS will undertake conversions that require 

assumptions to be made, for example going from a set of realisations to a distribution. 

The UTS uses the Information Model API for the parsing and writing of UncertML, netCDF-U and 

O&M-U. It will link to R or Matlab, which are both software for doing statistical and mathematical 

calculations, for the conversion of uncertainty types. 

4.2 FERA use scenario 

This scenario is composed of a set of models for predicting land-use and crop yield response to 

climatic and economic change. There are a total of three models in this scenario, two of which are 

currently included in the business process. The first model, Land Capability Classification, 

generates a set of transition matrices describing the likelihood of a field transitioning from one crop 

to another. The second model, Landsfacts, uses this transition data to simulate field crop allocations 

over a five year period. As the Land Capability Classification model generates uncertain transition 

matrices, an intermediate sampling service is required. 

4.2.1 Business Process Specification 

The following BPMN diagram depicts the Business Process of the FERA scenario prototype. The 

following sections detail its input, output and activities. 

4.2.1.1 Business Process Input 
 <URL>  - input data file (historical crop observations) 

 <URL>  - input data files (field texture observations) 

 <URL>  - input data files (field area observations) 

 <int> $Nr  - number of transition matrix realizations 

 <int> $Ns  - number of Landsfacts simulations 

4.2.1.2 Business Process Output 
 <List<URL>>  - simulated crop allocations (arity $Nr x $Ns) 
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Figure 14 – BPMN diagram of the FERA scenario 

 

 

4.2.1.3 Business Process Activity 
 [land-cap] Land Capability Classification 

o Input 

 <URL> - HistoricalCropObservations - list of OM_TextObservation with 

result in [BA1 BP FH FSA FXLI GR OA1 OAR OLA OSR PO1 SU1 VAS 

WH WOOD] 

 <URL> - FieldTextureObservations - list of OM_TextObservation with result 

in [Clayey Loamy Peaty Sandy] 

o Output 

 <List<XML>> - CapabilityClassification - 4 TransitionMatrixes, one for 

each [Clayey Loamy Peaty Sandy] 

 [uts3] Uncertain Transition Matrix Sampler 

o Doesn‟t support less than 4 samples  

o Input 

 <List<XML>> - UncertainTransitionMatrix - 4 TransitionMatrixes, one for 

each [Clayey Loamy Peaty Sandy] 

 <int> - $Nr - number of samples 

o Output 

 <List<XML>> - UncertainTransitionMatrix - 4 x $Nr 

 [landsfacts] Landsfacts 

o Invoked once per each sample ($Nr times) 

o Input 

 <List<XML>> - UncertainTransitionMatrix - 4 
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 <URL> - FieldTextureObservations - list of OM_TextObservation with result 

in [Clayey Loamy Peaty Sandy] 

 <URL> - FieldAreaObservations - list of OM_TextObservation with result in 

m
2
 

 <int> - $Ns - number of simulations 

o Output 

 <list<XML>> - CropAllocation 
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5 Conclusions  

The present document describes the UncertWeb service composition framework for modelling 

resources, characterized by a Composition-as-a-Service (CaaS) approach. 

 

The solution addresses technical requirements on service composition and orchestration, with 

particular focus on integration of geospatial systems; UncertWeb focus on uncertainty support 

introduces the need for additional specifications and capabilities. 

 

The solution is designed according to the extended SOA (broker-based) and the System-of-Systems 

approach, in compliance with the GEOSS Model Web architecture. It supports the reuse and 

integrations of existing resources. 

 

The UncertWeb project will further elaborate on the CaaS architecture and prototype in the context 

of its different Work Packages: WP2 will develop a reference implementation; WP3 will extend the 

UncertWeb service library for improved decision making; WP4-8 will apply and validate the 

benefits of UncertWeb approach on a number use-scenarios. 

5.1 Open issues and future work 

The following issues have not been investigated in this version of the CaaS architecture and may be 

addressed in the future: 

 The present version of the Preprocessor is able to detect, and solve if proper components 

exist, mismatches between two components at a structural/syntactic level. One of the main 

future enhancements of the CaaS Preprocessor is the implementation of interoperability 

arrangements to achieve a semantic interoperability between components. This will require 

the integration of a semantic broker component in order to detect possible mismatches 

between parameters with the same structure (encoding format, CRS, etc.) but with different 

contents (e.g. monthly average temperature and air maximum temperature); 

 The implementation of value-added services on top of (possibly remote) data sources is 

likely imply performance/usability problems (e.g. network latency); 

 The harmonization of the data models of interest for the processes realized by the CaaS (e.g. 

maps, features, observations, coverages) may be unfeasible or unpractical in the general 

case, due to data crosswalk issues. 
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Appendix A. BPM technologies 

The following technologies have been considered for some aspects of the UncertWeb CaaS 

implementation. Several of them have been briefly evaluated, as commented below. 

 

 DFD (data flow diagram) 

o Intuitive notation for expressing simple workflows 

 JBPM 4 

o Based on JPDL (proprietary XML) 

o Project discontinued 

 JBPM 5 

o Based on BPMN 2.0 

 JOpera 

o Many features for workflow management 

o Graphical editor integrated in Eclipse 

o External execution engine integrated in Eclipse? 

 Kepler 

 OWL-S 

 Taverna 

o Many features for workflow management 

o Graphical editor 

o External execution engine (Taverna Server) 

o SCUFL2 workflow language (recently released) 

o Big community of users (http://www.myexperiment.org/workflows) 

 Vienna VCL / VRESCo 

o Based on proprietary technologies (Microsoft Oslo, Microsoft MGrammer, Windows 

Workflow Foundation) 

 XSRL (XML service request language) 

 XPDL 

o Encoding of BPMN 1.0, for “diagram portability” 

o Does not seem to be executable 

 YAWL 

o BPMN models can be mapped to the YAWL via the BPMN2YAWL component 

o Support for workflows that are loosely structured 

o Support for dynamic workflows 

o Open source workflow language/management system, based on a rigorous analysis 

of existing workflow management systems and workflow languages. Unlike 

traditional systems it provides direct support for all of the workflow patterns 

(http://www.workflowpatterns.com) 

o Supports the control-flow perspective, the data perspective, and is able to interact 

with web services declared in WSDL 

o Distributed, web-friendly infrastructure 

 WS-BPEL 

o Restricted to SOAP/WSDL services 

o Reported complexity and portability issues 


