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Abstract. The anticipated advent of personalised healthcare is pred-
icated on sophisticated computer modelling of individuals’ physiomes,
but the integration of the many diverse computational services, operat-
ing across scales and domains, remains a major hurdle. We present the
Living Human Digital Library, a project in the biomechanics domain
where semantic web services will help manage and integrate the services
which provide both technical and community support functionality. The
semantic services approach is intended to satisfy both short-term project
requirements, and develop the technical underpinnings for multi-domain
integration with other physiome projects.

1 Introduction

The practice of medicine will soon be radically altered by the cheap sequencing
of individual patients’ genomes and computer modelling of the interaction of
that genome the environment and medical interventions [1]. While the genome
hogs the limelight, for the clinician and patient it is the outcome for the whole
organism—the physiome—that is the ultimate concern. Physiology is the study
of the physical and mechanical as well as the bio-chemical behaviour of organ-
isms. Consider that mice subjected to mechanical vibrations alter their bone
density positively in response [2], a result with implications for astronauts and
the Earth-bound suffering from bone loss. Although the cause and effect occur
at a macro scale, they are mediated by processes involving proteins and genes.
To fully understand these processes, multiple data sources and algorithms repre-
senting diverse scales and subsystems must be integrated, a task which has been
identified as an informatics ‘Grand Challenge’.

These ‘virtual physiological humans’ (VPH) will be built for specific purposes
from components which will be developed and maintained by separate commu-
nities focused on particular physiological subsystems. This paper outlines the
programme of the Living Human Digital Library (LHDL) project [3], which is
collecting data and developing infrastructure to model the human musculoskele-
tal system (section 2). As well as providing ongoing support to the biomechanics
research community, LHDL will investigate the techniques for constructing the
virtual physiome: we believe semantic web services (section 3) are best placed
to handle the interoperation of services within and between communities. LHDL

presents many challenges for semantic services research (section 4), and differs
significantly from other projects in bioinformatics (section 5).



2 The Living Human Digital Library

LHDL will establish a distributed fabric of community tools, data repositories
and algorithms for medical researchers and clinical workers in biomechanics:
one of the partners is the Istituti Ortopedici Rizzoli, a centre of excellence in
orthopaedics research and treatment. The immediate objective of LHDL is to
ease the sharing of data and computational facilities within the biomechanics
community by using web and Grid technologies, supplemented by semantics.
The longer-term ambition is to extend this approach to the integration of other
communities and their systems. Such integration must work across scales and
between disciplines (e.g. chemistry, biomechanics, clinical) and sub-systems (e.g.
renal, cardiac, orthopaedic). VPH is about coordination: the intention is not to
create a single federation of services that define a single VPH, but rather a
framework to enable the integration of services to suit particular requirements—
even to the point of modelling individual humans for clinical purposes.

The principle desktop tool is LhpBuilder [4], an application which enables a
user to create, store, and manipulate Virtual Medical Entities (VMEs). VMEs
are collections of data such as MRI images, gait analysis data or finite element
analysis results. LhpBuilder can perform operations such as extracting two-
dimensional slices from volume data, virtual palpations, or combining motion-
capture data with bone images. LHDL is a community of experts as much as a
group of technologies, so we provide community services such as forums, mailing
lists and file storage: these are accessed at Biomed Town (www.biomedtown.org)
via a web browser.

The LHDL project has identified semantic web services as the key to achieving
its short and long term aims. The storage facilities of Biomed Town will be
made available as web services, and LhpBuilder will be made network aware to
take advantage of the storage grid. LhpBuilder’s own computational functions
will similarly be exported as services on a computational grid. The community
services are to be semantically annotated, too: processes such as user registration
and authentication will be semantically enabled, making easier single sign-on
between services, for example, or compliance with security and privacy policies.

3 Semantic web services

Semantic web services [5] extend the benefits of semantic web technologies to the
provision of services. By marking-up services semantically, software can reason
about them, and automate many of the complex, time consuming and error-
prone tasks that otherwise must be done by the scientist or clinician: workflow
planning, service selection [6], mediation between services and data formats,
process monitoring, and ensuring permissions for access to data are met [7].

The Web Services Modelling Ontology (WSMO) [8] is a leading semantic
web services framework, similar to OWL-S [9]. WSMO has four key concepts:
domain ontologies, goals, web services, and mediators. Domain ontologies cap-
ture the users’ conceptualisation of the objects and relations of interest. Goals



represent user intentions, while services are available software systems which
can be invoked to satisfy goals. Goals have four principle components: precondi-
tions and postconditions, predicates which must hold on the inputs and outputs
respectively; and assumptions and effects, which are conditions on the world
which should hold true before and after respectively. WSMO insists on a clear
distinction between user goals and their realisation by web services, thus en-
abling capability-based invocation. Mediators intervene in several places where
otherwise heterogeneity would cause incompatibility: between ontologies, OO-
mediators perform ontology mapping wherever necessary; WW-mediators al-
low web services to interact correctly, primarily addressing choreography mis-
matches; user goals are mapped to web services by WG-mediators; and GG-
mediators allow the creation of new goals by composing others.

The Internet Reasoning Service III (IRS) [10], in its current implementation,
adopts and extends the epistemological commitments of WSMO. The IRS has
been used in several domains including business process management, e-learning,
and e-government. It can call web services exposed via SOAP, XML-RPC, or
HTTP GET, publish legacy code written Java and Common Lisp as web services,
and can itself be invoked via SOAP or HTTP GET requests (thus supporting the
REST philosophy). A process of ‘elevation’ deals with mapping the XML messages
of services to internal ontological representations expressed in OCML [11].

4 Challenges

The development of LHDL is in its early stages, but several issues are already
apparent:

Quantity of data Biomechanics not only deals with large volumes of data, it
deals with large quanta, too. A single VME may be hundreds or thousands of
megabytes in size. This is sometimes solved by third-party transfers, where the
controller initiates a data transfer from a source to its final destination but does
not itself participate, but then semantic mediation cannot happen. Conversely,
funnelling such information flows through centralised brokers, which will often
be required to massage the data formats, may not scale. We will need to examine
mechanisms for truly distributed semantic middleware (in the sense of service
registries, ontological shim, message buffers, process monitoring and others).

Interaction modalities The nature of the applications is often different to
the traditional workflow orientation: interactive manipulation of models, for in-
stance. This will require sophisticated choreography and state management.

Laws and ethics Genetics research typically operates on publicly accessible
databases which do not identify anyone. In the LHDL domain, biomechanics,
much of the data is recovered from cadavers whose identity must be protected,
and many of the applications will be clinical and thus concern individual patients.

Metadata maintenance VMEs might be very long lived, and contain impor-
tant patient data. They are also associated with metadata that must be kept in
synchrony with current ontology and software versions, either through modifi-
cation or by some process of mediation.



Integration across scale and domain The heterogeneity here is immense, and
the mediation involved will be important. The multiple domains bring their
own ontologies; different scales of space and time complicate orchestration and
choreography; and the range of services required will make it difficult for any
single human to be sufficiently expert to select the most appropriate services.
Finally, the research communities themselves must be knit together to make the
user experience acceptable.

5 Related work

The notion of integrated modelling of the human physiome is first proposed
in [12]. The development of a database-centric model for the physiome idea is
developed in [13], but it underestimates the importance of computational services
and has been obsoleted by the web services [14] approach. In the service-oriented
era, there are three large, informatics-centric life sciences programmes which
demand mention: myGrid and BioMOBY and GEMSS. Grid Enabled Medical
Simulation Services (GEMMS) [15] explored the feasibility of providing compu-
tationally intensive medical applications using the Grid, primarily for practising
clinicians. These services included bone structure capture for facial reconstruc-
tion surgery, optimising radiation propagation paths for radiosurgery, and com-
putation of drug inhalation patterns. Semantic issues were not addressed.

myGrid [16] is a large programme providing geneticists with workflow tools
for web services. While myGrid has focused on retrofitting semantics to existing
web services and tools, BioMOBY [17] set out to create a unified ontology, with
services strictly adhering to the standard terminology and XML message struc-
tures. Despite the ontology itself being developed collaboratively, in an ‘open
source’ way, this approach precludes incorporation of legacy services and third-
party annotation. In both projects, familiarity of the practitioners was considered
more important than the expressiveness of the ontology languages. myGrid and
BioMOBY target a community which had long used distributed data stores and
computation: in essence, they automated a manual task, incorporating ad-hoc
service semantics which suit their users’ needs. LHDL has a commitment to ap-
plying a comprehensive semantic web services framework to a field which has
not historically much benefitted from web or grid services, with the intention
that the technologies developed there will scale to support the cross-domain,
multi-scale simulations of the future.

6 Conclusions

LHDL is an application of semantic web services driven by researchers in biome-
chanics who have believe semantic technologies will provide them with tangible
benefits. LHDL is concerned with biomechanics, leading to a different set of
concerns from the usual bioinformatics fare of DNA or protein analysis. Interac-
tivity and visualisation become more important, as do ethical issues relating to
the handling of medical records of identifiable individuals. We intend to apply



proven general-purpose semantic web technologies in this domain, and extend
them to deal with the peculiar difficulties of the field.
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