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Abstract
There are significant benefits in relieving individual information systems from the complexities of
implementing interoperability in the environment where interdisciplinary cooperation is key to
scientific understanding. These include increased information access and use, sustainability of crossdomain discovery and facilitating future technology insertion in a consistent manner. The Brokering
approach to interoperability uses a central mechanism to converge disparate vocabularies, promote
translatable standards and enable uniformity of search and access in divergent operating environments.
The broker approach and implementation is maturing rapidly with embedded capabilities to include
new technologies. Already, the Brokering approach can address web 2.0 interfaces, support for model
webs and advanced information flows. As a proposed element of an Earth Cube Data Infrastructure, we
argue that the Broking approach supports the current and future needs of the science and applications
communities.

Introduction
Applying the SOA approach
The development of multi-disciplinary cyberinfrastructures that build on existing capacities is
becoming more and more essential to studying the Earth system, addressing global change, global
multi-disciplinary analyses and supporting decision makers. In recent years, many important programs
and initiatives have tried to address these ambitious objectives. These programs recognize the needs of
three main stakeholder types within the science and broader communities:
1. Users;
2. Data/Information Producers;
3. Cyber(e)-Infrastructure Architects and Managers.
The goal of Infrastructure Architects is to interconnect Users and Data/Information Producers in
diverse communities and contexts. Almost invariably these architectures resemble the Service Oriented
Architecture (SOA) archetype: Users play the role of service consumers, Data Producers of service
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providers, while the cyberinfrastructure acts as a service clearinghouse or service registry (see Figure 1
a). In keeping with SOA, this approach applies the following principles:
 Keeping the cyberinfrastructure level as simple as possible;
 Use of a common data model;
 Using a few select international standards for interoperability protocols (i.e. Web
services protocols).

(a)

(b)

Figure 1. Implementation/maintenance load for current Multi-disciplinary CybeInfrastructure (a) and Brokering approach (b)

According to this approach, a multi-disciplinary cyberinfrastructure consists of a set of common
standards and rules (e.g. best practices) adopted by both Data Producers and Users to publish available
resources, discover them and bind to them. Infrastructure registry services and a general portal acting
as user interface are commonly implemented at this infrastructure level.
Architectures implementing this pattern are known as Federated Architectures. In fact, they are
based on the concept of "common/federal data model" and "common federal interoperability
protocol(s)". Most Spatial Data Infrastructures (SDIs) around the world are based on this model (see
for example the National Spatial Data Infrastructure in the USA 1, and INSPIRE2 in Europe. Examples
in the geosciences are GEON3, CUAHSI4 and OneGeology5).

SOA shortcomings
The SOA approach works well in consistent and controlled frameworks (e.g. enterprise environments),
or where the approach is embedded in a strong legal framework that makes it mandatory for
stakeholders to adopt the agreed standards and protocols (e.g. the NSDI for US federal government,
and INSPIRE in Europe). Even in these strongly controlled environments, the transition from the
discovery of information resources to their access and use (particularly if in multi-national, and multicultural contexts) increases the importance of semantic interoperability, along with the challenge of
establishing agreed policy frameworks for data access and use. Another impediment stems from the
nature of SOA: a rather complex technology mainly focused on machine-to-machine connections,
lacking intuitive human-guided service interactions and compositions. An additional significant
1
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challenge is the level of effort required by both data producers and consumers to participate in SOA
and upgrade their capabilities with evolving technologies and needs. These challenges apply both to
generic SDIs and to special-purpose systems designed to serve a particular scientific community.

Entry Barriers
It has become apparent that regional and global Earth Science/Observation frameworks demand
complex infrastructures that cannot be managed as enterprise environments. Important lessons have
been learned by cross-disciplinary initiatives like GEOSS (Global Earth Observation System of
Systems) 6 which has faced difficulties in getting participants to utilize the infrastructure that has been
put in place.
Keeping the cyberinfrastructure level as simple as possible, for example by advocating a
common data model and few interoperability protocols, entails loading the infrastructure complexity
almost entirely on Data Producers and Users . Such burdens are known as Data Producers and User
entry barriers and reduce participation. For most of the existing multi-disciplinary cyberinfrastructures,
these barriers are quite high; both Producers and Users do not seem to be willing to invest precious
resources to become compliant. On the contrary, they are focused on developing disciplinary and
thematic capacities that increase the need for cross-organizational, multi-disciplinary infrastructures.

The Brokering approach
To lower the entry barriers to both Data Producers’ and Users, it is important to address the
complexity at the cyberinfrastructure level. This approach requires extending the SOA archetype by
introducing a new component: the Broker (see Figure 1 b). Discovery and binding complexity due to
heterogeneity are addressed by the Broker component, thus easing Users’ and Producers’ burden.

Principles
The Brokering approach applies the following principles:


Keep the existing capacities as autonomous as possible by interconnecting and mediating
standard and non-standard capacities.



Supplement but not supplant systems mandates and governance arrangements.



Assure a low entry barrier for both resource users and producers.



Be flexible enough to accommodate existing and future information systems and
information technologies.



Build incrementally on existing infrastructures (information systems) and incorporate
heterogeneous resources by introducing distribution and mediation functionalities to
interconnect heterogeneous resources.

Thus, Brokering components are needed to realize all the necessary mediation, adaptation,
distribution, semantic mapping, and even quality checks required to address the complexity of the
cyberinfrastructure.

6
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Brokering service types
The introduction of the Broker component shifts the SOA binding architecture from a two-tier
(User-Provider) to a three-tier (User-Broker-Producer) solution. Like an "application server," Brokers
can do much more than just facilitate discovery and access of available resources: they may implement
new capabilities for Users and Data/Information Providers such as:
 Advanced/semantic discovery;
 Resource tagging and clustering of results;
 Quality control;
 Data pre-processing and transformation (not only download);
 Work flow management.
In a cyberinfrastructure, different Brokers can be developed to facilitate different capabilities
such as: Discovery, Access, Semantic interoperability, Service Composition, etc. This facilitates initial
implementation, future upgrades and long-term evolution.
The EuroGEOSS project7 has investigated in depth the Brokering approach by implementing: a
Discovery Broker, an Access Broker, and a Semantic Discovery Broker. A service Composition Broker
is under development in the framework of another project: UncertWeb8. Incorporating both OGC and
other international discovery standards, the Brokering approach has been used by several communities
such as Meteo-Ocean, hydrology, climate, etc, to access THREDDS and other resources through a
standard OGC CSW interface. Continued application development in Europe is being funded by the
GEOWOW project.

Broker Functionalities
A Broker is a service component that implements the following functional modules:
a. User's request Distribution (e.g. searches and Composition of services) in an asynchronous way
(providing consistent feedbacks to Users);
b. Mediation (e.g. translation from the many Producer and Users service models to the broker
internal model, and vice-versa);
c. Adaptation (e.g. between the many Producer service protocols and the Users' ones, and viceversa);
d. Specific Added-value functionalities.
A Broker implements added-value functionalities related to its specific scope: Discovery, Access,
Semantic expansions, etc. For instance, the EuroGEOSS Discovery Broker achieves tagging and
clustering of all the heterogeneous results returned by the many brokered data providers. In the
GeoViQua project9, the Discovery Broker will implement quality check and ranking. These are
application-level services are provided by the infrastructure to enrich the basic brokering
functionalities. This is a unique capability offered by the Brokering approach, in comparison with other
architectural solutions.

7
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Additionally, a broker must also implement functional modules for:
e. Sessions management;
f. Configuration (brokering parameters configuration at the level of single provided resource);
Through these functionalities, the Broker makes it possible to connect information resources from
multiple domains, building bridges among scientific communities and supporting the multi-disciplinary
scientific enquiry, which is key to the progress of science.

Discussion
This white paper proposes that Earth Cube focus on translating and adapting these brokering
services for the geoscience research community to yield capabilities and benefits beyond what
traditional SOA architectures can deliver. For example, brokering services can be an important bridge
with Web 2.0 resources. In the EuroGEOSS the discovery broker implements well accepted profiles of
OpenSearch (the Web 2.0 discovery protocol); thus, Web 2.0 users may utilize the Broker to access
"traditional" Web products (e.g. ISO/OGC resources) and vice-versa. From the work in UncertWeb,
brokering solutions are advancing the capabilities that address an important challenge for Geosciences:
environmental model access and interoperability. What is most important in moving toward a Brokerbased infrastructure is that it offers a greater level of flexibility than other architectural solutions. This
adds not only an avenue for innovation with technology evolution, but also provides the potential for
interoperability with cultural, social and economic information that will ultimately play a role in
decision making and transferring the impacts of science and research.
The Brokering approach lowers User and Data Producers entry barriers considerably. This
approach can offer the opportunity to support real button-up infrastructure, building on existing
capacities (supplementing and not supplanting them). The Brokering approach is mature: discovery
Broker solutions are used by several Communities (e.g. Meteo-Ocean, Hydrology, Climate, etc.) to
access THREDDS10 resources through standard ISO/OGC interfaces. Recently, the GEO Architecture
and Data Committee decided to include the EuroGEOSS Broker to augment the capabilities of the
GEOSS Common Infrastructure. In fact, a brokering solution doesn't impose any common/federal
model but is able to implement different federal/common solutions and mediate between them. Hence,
the brokering solution may provide a clear advantage over federated and other SOA solutions.
We recognize that with the brokering approach there is a single point of failure in the
information system. However, this risk is present in most of the "ultimate" and successful platforms,
including: GoogleMap/Earth; Eye on Earth, Cloud Computing platforms, etc. In fact, they apply almost
the same principles recognized by the Brokering approach: to shift complexity from Users and
Resource Providers to the infrastructure/platform. Their experiences showed that this risk is addressed
by developing better and more reliable infrastructures (e.g. adopting caching technologies,
computational scaling solutions, Web optimizations, declarative approaches, modular software
components).
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