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1 SECTION THE SPECIFICATION PROCESS 

The NEXOF-RA Project has adopted a top-down production process to better 
support the production of a set of inter-related patterns.  Starting from the 
production of top-level patterns, i.e. the most general and abstract patterns, 
other patterns are produced with respect to other already-committed patterns. 
This way, the problem they address and the context where they are applicable 
are clearly and well-defined. This approach makes the verification of the 
consistency of the overall set of patterns as well as the instantiation of concrete 
architectures easier and more controllable. 

 

The next figure gives a very high-level description of the pattern development 
process. 
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Figure 11: Patterns Development Process  

When an architectural issue, related to SOA infrastructures, is identified, the 
NEXOF-RA Project expert people start working on the elaboration of new 
architectural patterns. This activity is performed within the research tracks of 
the Project and can be supported by means of external contributors (i.e. 
Investigation Teams). Contributors must use the pattern template document to 
produce the pattern description document.  

After new patterns have been produced, they are submitted to the specification 
development workgroup (WP7) to check their relationships to the other patterns 
of the specification, the compliancy to the pattern template and the consistency 
of functionality requirements and assumptions with respect to the stated 
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relationships. This checking action is called ñformal verificationò though it is not 
based on any formal logic. It mainly deals with constraints on the format of the 
pattern description and takes it apart from the content validation that evaluates 
the quality of the patternôs architectural choices.  If the formal verification is not 
ok, WP7ôs feedback is returned to team working on the elaboration of the 
pattern, where an update version of the pattern will be elaborated. This cycle 
can be repeated several times till the pattern succeeds WP7 verification. 

Once WP7 verification is achieved, those patterns that address challenging 
architectural problems of SOA Infrastructure design are selected to be validated 
through proof-of-concept actions. In any case all the patterns are submitted to 
the NEXOF-RA Architectural Board (AB) for the validation of the content. In this 
phase, the pattern is evaluated with respect to its architectural design added-
value, originality and innovation. If it is validated by the architectural board, the 
pattern will be added to the NEXOF-RA Specification, otherwise the pattern and 
the negative feedbacks will be returned back to the development team for 
further improvements. 

To better explain the above process, next figure depicts all the various states a 
pattern can be during its development process. 

 

Figure 12: Pattern States 

 
As shown by the previous figure, a pattern can be in one of the following states: 

 in-conception: to refer to a pattern that has been identified and qualified 
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only by means of the architectural problem it addresses. The architectural 
solution proposed by a pattern in this state has not been elaborated yet. 

 in-elaboration: to refer to a pattern that is under development. A draft of the 
architectural solution proposed by a pattern in this state is available. 

 formally-consistent: to refer to a pattern that has been already elaborated 
and has succeeded the formal verification. 

 proved-by-poc: to refer to a pattern that has been successfully proved by a 
proof-of-concept action. 

 part-of-the-specification: to refer to a pattern that has succeeded the 
formal verification and has received the final approbation of the NEXOF-RA 
Architectural Board to be part of the NEXOF-RA Specification. 
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EXECUTIVE SUMMARY  

This deliverable is dedicated to lay the principles and the baseline for the 
creation of NEXOF-RA Specification. It mainly fixes rules and restrictions for the 
formal aspects of the specification, such as the format, the structure and its 
development approach. As far as it concerns architectural solutions, this 
document does not state any restricted principle, since it is well-known that 
NEXOF Reference Architecture is domain and technology independent. A part 
from the restriction on the very general domain of SOA Infrastructures, any 
concern, problem and solution related to this domain generally is interesting for 
the project. 

In the first section this document provides a description of what the NEXOF 
Reference Architecture is, what it is useful for and what its overall structure is. 
This section if fundamental to understand all the principles and baseline 
introduced afterwards. 

The second section gives a list of principles used for the development of the 
specification. They have been selected as guidelines for the specification 
process in order to produce an open and easily evolvable specification. 

The third section is dedicated to the introduction of the idea of constructional 
patterns as the basic mechanism (baseline) that is used to develop the overall 
specification. 

Finally, the last section is devoted to the description of the Pattern Development 
Process. This process is a part of the overall specification process and covers 
the development of each individual pattern. 
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2 THE NEXOF REFERENCE ARCHITECTURE  SPECIFICATION  

This section gives a brief explanation of NEXOF Reference Architecture before 
focusing on the specification. This is necessary to clearly present what the 
NEXOF-RA Specification is. Furthermore, it will be described how NEXOF 
Reference Architecture is expected to be used.. The last subsection presents 
the structure of the NEXOF Reference Architecture and introduces the NEXOF-
RA Specification by describing it with respect to the other parts too.  

2.1 What NEXOF Reference Architecture is 

An initial characterization of NEXOF Reference Architecture is the following: 
ñNEXOF Reference Architecture is a set of instruments designed to help the 
construction of well-architected distributed SOA software infrastructuresò. This 
initial characterization shifts the focus towards one of the most fundamental 
questions: ñwhat is a distributed SOA infrastructure?ò The answer to this 
question is the key to fully understand what NEXOF Reference Architecture is, 
the type of instruments it is composed of and how it helps constructing these 
kind of software systems. 

SOA is not a specific technology or predefined solution but rather a paradigm or 
architectural style that is used to improve the scalability and decentralization 
within distributed, heterogeneous, cross-business-domains IT environments. It 
is an approach to deal with an environment in which processes and systems are 
becoming more and more complex and IT landscapes are rapidly changing. 
SOA aims at closing the gap between business and IT in these environments in 
order to flexibly and efficiently exploit business opportunities. 

Characteristics of a deployed service-oriented system are unique within each 
business company. Therefore there is not a one sized SOA solution that fits all 
situations and a SOA solution needs to be adapted for each individual context. 
However, a SOA solution is always characterized by the usage of technologies 
and platforms that specifically support the creation, execution, and evolution of 
services.  

Like all other software system architectures, Service-Oriented Architectures can 
be captured by means of models, specifications and accompanying material. 
Based on these instruments a concrete implementation can be built. 

The term ñsoftware system architectureò traditionally addresses the 
organizational structure of all elements that are part of a software system [3]. 
However, a software system can be differentiated into different types of 
elements, whose structure can be described by different architecture 
documents. A system provides an operational environment that allows for the 
deployment of applications and processes. Accordingly these systems can be 
divided into the infrastructure and the operative elements that can be deployed 
in order to focus on business objectives. 
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Figure 1: Architecture terminology in the NEXOF context 

The SOA paradigm introduces the notion of a specific infrastructure on which 
services can be deployed and executed in a distributed manner. The NEXOF-
RA Project will produce the reference architecture for such kind of 
infrastructures. The project only addresses the architecture of the infrastructure. 
Concrete applications and services are not in the focus since the reference 
architecture should be domain independent and open. The infrastructure 
architecture addresses the hardware infrastructure architecture as well as the 
software infrastructure architecture. Thus, this infrastructure, the NEXOF-RA 
Infrastructure can be perceived as an operating environment for services and 
service-oriented applications. 

Concluding, the ñNEXOF Reference Architecture is a construction kit that 
will aid system architects in the construction of specific architectures of 
SOA Infrastructuresò. If the architecture of a SOA Infrastructure follows the 
suggestions from NEXOF Reference Architecture, it will be called a NEXOF 
Compliant Infrastructure (NCI). Based on this NCI, instances of service-based 
systems can be built, which from now on are called NEXOF Compliant System 
(NCS).  

2.2 The Purpose of the Reference Architecture 

The NEXOF Reference Architecture does not provide a typical system 
architecture description but define a meta-level description providing a set of 
different alternatives from which concrete solutions can be derived as it is 
shown in the next figure. 
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NEXOF Reference Architecture is domain independent and will be 
accompanied with a sound methodology and tools to be properly instantiated 
within different contexts for a broad range of end-user communities (including 
Large, Medium, and Small Enterprises), and by means of different technologies. 

The design of a NEXOF Compliant Infrastructure starts with the identification of 
the requirements addressing the needs and demands to be fulfilled in each 
specific context. These requirements address both the functional and non-
functional properties of the system to be built and deployed. The system 
architect then matches these requirements to the propreties of the reference 
elements captured in the Reference Architecture. Through this matching, the 
architect will select, and combine patterns to design the architecture of the 
system to be built and deployed. 

Several different system architectures, that are NEXOF Compliant 
Architectures, can be derived from the NEXOF Reference Architecture. A 
NEXOF Compliant Architecture can be the architecture of several service-based 
software systems that are NEXOF Compliant Systems. According to this 
approach, NEXOF Reference Architecture will allow the building of a NEXOF 
Compliant Infrastructure. 

2.3 The Structure of the Reference Architecture 

The NEXOF Reference Architecture is composed of several parts as shown in 
the next figure, capturing the information necessary to design service-oriented 
software systems.  
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Figure 2: The NEXOF Reference Architecture Structure 

 

The main constituents of the Reference Architecture are: 

 The Guidelines and Principles: these captures the principles underlying 
the construction of the framework, the set of reference-properties associated 
with each of the components and patterns in the NEXOF Reference 
Architecture, and the guidelines used to instantiate a specific system 
architecture according to its requirements 

 The Reference Architecture Model: this is the Conceptual Model which 
describes the essential entities that constitute service-based systems, as 
well as the relationships between these entities and the key elements in the 
context. In addition, it contains also the NEXOF-RA Glossary [8] which 
defines the terms used across the whole NEXOF-RA Project. This glossary 
has been built and will be maintained under the auspices of the NEXOF-RA 
Architecture Board in which representatives of all NESSI Strategic Projects 
are included 

 The Reference Architecture Specification: This contains three collections: 

o The NEXOF-RA Standards Catalogue: the standards referred to in the 
Reference Architecture are described in this catalogue. Each standard is 
linked to the relevant elements of the Guidelines and Principles as well 
as to the concepts it addresses 

o The NEXOF-RA Component Catalogue: the level of granularity 
considered in the Reference Architecture is that of components, which 
roughly correspond to coherent sets of functionality delivered as software 
products or software components which can be configured separately. 
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This catalogue groups both abstract descriptions of components (e.g. an 
UDDI registry) and product or software-based components (e.g. the 
jUDDI library). Each description refers to the standards it implements, the 
concepts it addresses, as well as its behavioural characteristics 

o The Pattern Ensemble: the actionable part of the Reference Architecture 
is represented by the patterns, which define various ways of realizing 
some functionality by associating components and other patterns in a 
defined manner. 

The NEXOF-RA Specification defines a system of patterns (cf. Alexander, C. 
[3], and Buschmann et al. [5],[1]) that includes three types of patterns: top-level 
patterns which describe the characteristics of SOA platform families, abstract 
design patterns which refer to abstract components and patterns, and 
implementation design patterns which refer to at least one concrete component. 
Relationships between patterns (e.g. ñextendsò or ñisPartOfò) are explicitly 
described. Each pattern description also refers to the standards it implements, 
the concerns it addresses, as well as its behavioural characteristics. 

The conceptual view plays a decisive role within the creation of the 
specifications itself as well as in the design of NEXOF Compliant Architectures 
since it allows the communication about the relevant components on a higher 
abstraction level. It is important to understand on a conceptual level what has to 
be specified as well as the general relationships between those elements. This 
conceptual view will be captured by the NEXOF Reference Architecture Model 
comprising also the glossary which represents the terminological definitions. 
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3 SPECIFICATION PRINCIPLES  

The NEXOF-RA Specification is developed using a semi-formal approach, i.e. 
its parts (software architecture patterns) are provided by mixing natural 
language descriptions and UML specification techniques. While this approach 
lacks some of the rigor of a formal specification method, it offers the advantages 
of being more intuitive and pragmatic for most system architects and 
practitioners. 

The following items summarize the principles followed to build the NEXOF-RA 
Specification: 

 Modularity ð This principle of strong cohesion and loose coupling is 
applied to group parts of the specification into different categories (i.e. SOA 
Domains). Describing architectural problems in terms of patterns adheres to 
the concept of modularity especially since components included in these 
pattern will be separated by well-defined interfaces. 

 Layering ð Layering is applied to separate top-level architectures 
descriptions (i.e. architectural patterns) from the more specific and detailed 
parts (i.e. design and implementation architectures descriptions). 
Furthermore, the concept of layering can be found in different patterns as 
architectural choices to address specific problems. 

 Partitioning ð Partitioning is used to organize conceptual areas (i.e. SOA 
concerns) within the same layer. All concerns that have been identified in 
the model will be addressed by patterns of all layers.   

 Extensibility ð The NEXOF Reference Architecture is developed in a way 
that it can be easily extended and enhanced. In particular, the specification 
will be constituted of related parts. These relationships will make possible to 
have parts that refine others or provide an alternative solution to others. This 
way, it will be always possible to extend the specification by adding new 
parts without affecting the already included ones. 

 Reuse ð It is possible to add new parts to the specification by reusing parts 
that are already included into it. 
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4 SPECIFICATION BASELINE  

One of the fundamental principles of software engineering that is largely used 
when designing a software system is known as the ñseparation of concernsò. In 
short, this principle states that a larger problem is more effectively solved when 
decomposed into a set of smaller and independent problems or concerns. This 
gives software engineers the option of partitioning solution logic into 
capabilities, each designed to solve an individual concern. Related capabilities 
can be grouped into units of solution logic. The main benefit to solving problems 
this way is that a number of the solution logic units can be designed to solve 
immediate concerns while still remaining agnostic to the greater problem. This 
provides the constant opportunity for us to reuse the capabilities within those 
units to solve other problems as well. 

The approach adopted in NEXOF-RA Project is also based on the separation of 
concerns principle. NEXOF-RA Project objective is to address the problem of 
specifying SOA-based software system architectures by partitioning the overall 
solution into several pieces of designing solution: patterns. In particular, we 
recognize the need for a development methodology to develop large-scale 
complex systems and, at the same time, learn from the experiences of other 
systems designers in solving recurring design problems. 

Usually a pattern, as it stands, describes the architecture of a system, 
providing details about which parts the system is composed of, the role of these 
parts, how these parts are integrated and cooperate, forces and consequences, 
and guidelines for implementation [3]. Furthermore the solution provided by a 
pattern is given in terms of architectural choices and statements that claim how 
these architectural choices affect the quality attributes of a system that is 
compliant to such a pattern. NEXOF-RA Project approach is also focused on 
how to compose these patterns together to develop complete systems 
[13][14]. A complete system cannot, nor will ever, be built from a single pattern. 
It is the integration and composition of patterns that makes a whole system. 

A pattern can be considered as a design element with interfaces (i.e. the 
interfaces of the system it describes), in this sense it can be used to represent 
the system it describes. For this reason, our approach will adopt patterns as first 
class design elements. I.e. they can be used in the designing of a system as 
any other design element: class, module, component etc. These kinds of 
patterns are called constructional-patterns. This way, patterns can be 
designed as a composition of other patterns. Accordingly, ña pattern describes a 
system that is designed through the composition of systems described by other 
patternsò. 

Specifying a pattern as a design element leverages the value of a pattern to a 
higher design level that hides later design details and preserves consistency 
with lower levels. 

Patterns constitute the mechanism that WP7 has chosen to develop the 
NEXOF-RA Specification. In particular the constructional-pattern-based 
approach adopted in the NEXOF Reference Architecture constitutes the proper 








































