
FIGURE 2. a.) The typical web application requires its own data source on which to provide its service.
b.) On the Web of Data, application providers are cleanly separated from the data providers.
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diagrammed in Figure 2b. The clean separation between data and application
providers is already taking place as plenty of interlinked heterogeneous data
currently exists on the Web of Data. A few examples are provided here.
Book data can be found at Amazon.com’s RDF BookMashup and the RDF
representation of Project Gutenberg. Scholarly data is provided by the
Digital Bibliography and Library Project (DBLP), ACM, IEEE, amongst
many others. Finally, various music data sets exist, such as MusicBrainz
and AudioScrobbler. This data is leveraged, as mentioned previously, by
resolving URIs. For example, if one dereferences the URI http://rdf.freebase.
com/ns/guid.9202a8c04000641f800000000001a49d in a standard web
browser, what is returned is a set of RDF statements (as an RDF/XML
document) linking this URI to other URIs and literals. Accessible, interlinked,
structured data is the point of the Web of Data. An ecology of applications
leveraging this data may greatly advance applications and algorithms for
processing data as application developers are no longer burdened by the
cold-start problem of requiring large amounts of data to initiate a successful
service [9]. Nor will consumers be confined to using certain web
applications, as application and data are no longer so tightly coupled.

Linked Process and a Distributed Process Infrastructure
While the Web of Data and the efforts expended by the Linked Data

community have provided a path toward global-scale data management, this
model is lacking one important component: an infrastructure for data
processing. A significant hurdle to overcome for this community is that of
distributed processing on this distributed data structure. Traversing the Web
of Data is not quite the same as traversing the web of documents. For the
human, it is reasonable to traverse from URI to URI exploring the Web of
Data in a manner similar to the way the web of documents is traversed. That
is, a human, using a web browser, can resolve URIs and view the RDF data
returned. Moreover, various human-friendly RDF browsers exist (usually in
the form of web browser plugins) to make it easy for humans to view and
traverse the data on the Web of Data.

However, a machine (an application, an algorithm) can traverse the Web
of Data much faster than a human manually clicking from URI to URI.

Moreover, there will be orders of magnitude more resources and links on
the Web of Data than those found on the web of documents. While a
machine can crawl and pull the data to its local environment for processing,
this strategy becomes inefficient when the data requirements span large
parts of the Web of Data. Again, note that every time a URI is dereferenced,
the resolving server prepares an RDF subgraph and returns it (over the wire)
to the requesting machine. Thus, traversing the Web of Data requires data to
be migrated to the traversing machine and processed remotely from the data
source. This architecture is analogous to the current web of documents
whereby traversing it pulls HTML documents and media to the requesting
machine. For human consumption this transfer is necessary as
data/documents must be rendered where the human is physically located –
remote from the data source. For a machine (a virtual machine) its physical
location need not be a factor in how data is consumed and processed. Thus,
for processing large parts of a distributed data structure, a more efficient
mechanism would be to migrate the process between data providers so that

R O D R I G U E Z , c o n t i n u e d

Feature

T O P O F A R T I C L EC O N T E N T S N E X T PA G E > N E X T A R T I C L E >< P R E V I O U S PA G E



42

B
u
ll
e
ti
n

of
th

e
A

m
er

ic
an

S
oc

ie
ty

fo
r

In
fo

rm
at

io
n

S
ci

en
ce

an
d

Te
ch

no
lo

gy
–

A
ug

us
t/

S
ep

te
m

be
r

20
09

–
Vo

lu
m

e
35

,N
um

be
r

6

R O D R I G U E Z , c o n t i n u e d

Feature

T O P O F A R T I C L EC O N T E N T S N E X T PA G E > N E X T A R T I C L E >< P R E V I O U S PA G E

information is not pulled over the wire, but instead, processed where the
data is maintained. In other words, an efficient mechanism for processing
the Web of Data would be to move the process to the data, not the data to
the process [10].

For the web of documents, the search engine philosophy of “download
and index” has made it possible for end users to find information in a more
efficient manner than by simply surfing and bookmarking. With modern
commercial triple stores scaling to the order of 10 billion triples, centralized
indexing repositories will have to contend with not only the volume of data,
but also the computational complexities of analyzing such data in
sophisticated ways. The Web of Data provides a much richer machine
processable data structure than what is provided by HTML and thus,
antiquated keyword search simply does not take significant advantage of
what the Web of Data is providing. The future of the Web of Data will be
rife with algorithms from many schools of thought such as formal logic,
graph analysis, object-oriented programming, etc. [4]. Many of these
algorithms will compute across various underlying stores of the Web of
Data and will require a distributed Turing complete infrastructure to do so.
For any algorithm of sufficient complexity, there is simply too much data to
pull over the wire and thus, the Web of Data in its current form greatly
reduces what is possible.

This state of affairs is unfortunate. Given the potential role of the Web of
Data as the de facto medium for interconnecting data, a distributed
computing environment is necessary. The Linked Data community needs a
parallel Linked Process effort. In a sense, data providers already expose
their processors for public use by way of their SPARQL-endpoints.
SPARQL serves as an on-site data processing language. However, this
language, being a query language, is not sufficient for representing complex
algorithms. What is needed is a framework that is more general purpose and
that respects the three following basic requirements:

1. Safe: applications must not be able to destroy the integrity of the open
processor or its data set when using this infrastructure.

2. Efficient: applications must run faster in this infrastructure than is
possible when pulling the required data over the wire.

3. Easy to use: application developers must be able to utilize common
programming languages and packages and be relatively blind to the
underlying infrastructure.

Developing a distributed process infrastructure that accounts for these
three factors will ultimately drive its adoption. With the widespread adoption
of such a processing infrastructure by RDF data providers, the Web of Data
will reach a new level of functionality. No longer will the Web of Data be
only a database serving data over the wire to third-party applications, but
instead, a distributed computing environment supporting complex
algorithms that can leverage rich data in ways not previously possible in the
history of computing. The unification of Linked Data and Linked Process in
many ways is similar to cloud computing. However, with the integration of
data sets and hardware processors worldwide, this cloud will be much richer
and more decentralized than that which exists with other cloud providers. In
this form, the Web of Data will afford the world a democratization of both
data and process and may perhaps enjoy a frenzied adoption similar to what
has occurred with its predecessor, the web of documents.

Conclusion
The Web of Data provides an infrastructure that supports an instantiation

of a distributed graph of web resources. This distributed graph is created by
many data providers who represent and interrelate their data. What emerges
from this collective effort is a publicly accessible global database that can
be leveraged by both man and machine to any end they deem appropriate.
However, the current instantiation of the Web of Data lacks one crucial
component: a distributed processing infrastructure. For the web of
documents of common knowledge, the solution to the issue of processing
the vast amount of information has been to literally download the entire
web and index and process it in a single environment. While the content on
the web of documents is distributed, the means by which the information on
the web of documents is analyzed is not. The Web of Data need not fall into
this same model. With the nearly limitless ways in which RDF data can be
processed, it would be a disappointment if the data on the Web of Data were
left solely to centralized repositories to store, index and provide query
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functionality. Beyond disappointment, it would reduce the potential utility
the Web of Data would have given a distributed process infrastructure. By
extending the work of the Linked Data community with Linked Process, the

Web of Data may one day rise to become the de facto medium for representing
and processing data much like the web of documents is the de facto medium
for storing and sharing documents. �
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