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Abstract. The keynote will address various ICT aspects related to fu-
ture platforms, applications and services that may impact and hopefully
improve the way various business and enterprise processes will be orga-
nized in the future. New development tools, easy-to-program powerful
mobile devices, interactive panels, etc. enable users to prototype new IT
systems with much better interfaces, to quickly setup collaborative en-
vironments and easily deploy online applications. However, many people
have not realized how quickly data, computational and networking re-
quirements of these new information systems have increased and what
constraints are behind existing underlying e-Infrastructures. Therefore,
the main aim of this keynote will be to share with the audience example
scenarios and lessons learned. Additionally, various challenges encoun-
tered in practice for future information systems and software develop-
ment methods will be briefly discussed. The keynote will be summarized
by an updated report on existing research e-Infrastructures in Poland
and worldwide.

Keywords: Future Internet, Grid Computing, Cloud Computing, Data
Management, Multimedia.

1 Introduction

Grid computing has been promoted for more than ten years as the global com-
puting infrastructure of the future. Many scientists and others have considered
Grid computing as one of main sources of the impact that scientific and techno-
logical changes have made on the economy and society [18]. This claim is based
on the observation that the usage of large data volumes has become increas-
ingly important to many disciplines, from natural sciences, engineering to the
humanities and social sciences. However, despite significant investments in the
grid concept, the number of users is not increasing. Instead, new concepts (or at
least new terms) like Clouds seem to be replacing the grid computing approach
(or name). Whatever is said about grid computing, it is still a key element of
many global e-Infrastructures. Today, the largest scientific computational collab-
orations have deployed and depend on grid computing infrastructures as their
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production computing platforms. For instance, the high energy physics detec-
tor ATLAS at the Large Hadron Collider (LHC) is recording data which is
distributed within the Worldwide LHC Computing Grid (WLCG) consisting of
more than 140 computing center in 35 countries and the 4 LHC experiments [21].
Fusion research is concentrated on studying the properties of plasmas, which re-
quire a large computing effort that is provided by different grid environments
[6]. Moreover, the grid concept has affected design and development processes
of many innovative IT systems over the last decade, and two of them are briefly
introduced in this paper together with various challenges for future applications
and services delivered on future e-Infrastructures.

The rest of the paper is organized as follows. In Section 2, the InteliGrid
project is presented as a good example how grid technologies can be used to ad-
dress the lack of integrated computing environment for engineering industries.
The InteliGrid case study shows challenging integration and interoperability
needs with a flexible, secure, robust, ambient accessible, interoperable, pay-per-
demand access to information, communication and processing provided by the
e-Infrastructure. Then, Section 3 shows interesting case study aimed at the devel-
opment of open-source, semantic and grid-based technologies in support of post
genomic clinical trials in cancer research. In Section 4, some key computational
challenges in the use of emerging hardware architectures for future applications
are presented. Section 5 introduces another challenging problems related to an
increasing number of users, digital devices and services delivered via the high-
speed Internet and Next Generation Networks. Finally, Section 6 concludes the
paper by defining some challenges for future e-Science e-Infrastructures.

2 The IntelliGrid Project: e-Infrastructure for the
Architecture, Engineering and Construction Industry

In addition to large data volumes distributed processing, one of the key ideas
introduced by Grid computing in the late nineties was the concept of virtual or-
ganization (VO). VO is perhaps best understood through the following: ”... the
sharing that we are concerned with is not primarily file exchange but rather direct
access to computers, software, data, and other resources, as is required by a range
of collaborative problem solving and resource brokering strategies emerging in
industry, science, and engineering. This sharing is, necessarily, highly controlled,
with resource providers and consumers defining clearly and carefully just what
is shared, who is allowed to share, and the conditions under which sharing oc-
curs. A set of individuals and/or institutions defined by such sharing rules form
what we call a virtual organization” [8]. Over the last decade, project-oriented
modes of operation were also becoming ubiquitous in many industrial sectors
as an attempt to provide both increased flexibility and agility to operations,
and one-of-a-kind products and services were becoming a norm rather than an
exception. For instance, building construction or facilities management increas-
ingly required the one-time collaboration of different organizations to consolidate
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Fig. 1. The concept of Virtual Organization with example enterprise and business
applications integrated through the distributed InteliGrid platform

and synergize their dispersed competencies in order to deliver a desired product
or service. This naturally had an implication not only on the way information
(related to the to-be-delivered product or service) was exchanged and shared, but
also on the way in which secure, quick to set-up, transparent (to the end-user)
and nonintrusive for day to day work of an individual/organization. Thus, ICT
was naturally used for this purpose. Consequently, the VO concept defined as ge-
ographically distributed, functionally and culturally diverse, dynamic and agile
organizational entities linked through ICT has been a central research theme in
various research initiatives [12]. The EU-funded project, InteliGrid (2004-2007)
was meant to be a bridge between differing research communities and made
available Grid solutions that are usable by VOs as seen by the Architecture,
Engineering and Construction (AEC) industry [10]. In a nutshell, InteliGrid
combined and extended the state-of-the-art research and technologies in the ar-
eas of semantic interoperability, virtual organizations and Grid computing in
order to provide diverse engineering industries with a platform prototype ensur-
ing flexible, secure, robust, interoperable, pay-per-demand access to information,
communication and processing infrastructure, see Fig. 1. This introduction will
present some of the key findings and developments related to the semantic grid
architecture for virtual organizations and primarily distributed engineering for
the AEC industry. Additionally, the introduction part will present key user roles
that have been identified in the platform as well as crucial end user requirements.
This will be followed by a description of the system architecture including con-
ceptual, service frameworks and key developed components that the platform
offers. In this case, the following main ’5S’ challenges have been identified in
InteliGrid:
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– Security - industry eager to move only to a ground-up secure environment,
– Simplicity - must work seamlessly with current client applications and oper-

ating systems together with personalization and natural user interfaces,
– Standards - a need for stable long-term specifications,
– Service oriente architecture - scalable, adoptable, reuse, agile,
– Semantics - must support rich, domain specific semantics.

Recently, Cloud computing has been promoted as a solution to many challenging
problems listed above. In fact, at both conceptual and technological levels, Cloud
computing has many roots in Grid computing. Nevertheless, with much better
support from various IT and independent software vendors, Cloud computing
could today offer various capabilities needed by enterprises at the production
rather than the prototype level as it was experienced back in InteliGrid. For
instance, Cloud-based solutions provide dynamic or even event-driven configu-
ration capabilities that can be easily reused and adopted to various changing
conditions of business processes. Additionally, Cloud computing has introduced
new system management technologies based on its core technology - virtual-
ization by isolating different applications and operating systems from the un-
derlying hardware. Automatically, virtualization technologies also solved many
previously encountered security problems in Grids related to user-level access
control or firewalls as the whole hosted operating system together with all user’s
applications and data are separated from the underlying core operating system
mechanisms. Cloud computing could also help users scale their software in ag-
gregate conditions. To conclude, it may be stated that Cloud computing wins by
leveraging automation, virtualization, dynamic provision, massive scaling and
multi-tenancy. Even though some new solutions have been proposed, the above-
identified challenging problems are still present. Nevertheless, Cloud computing
has introduced new challenges as advanced technologies development has led
to power (mainly for cooling) and IT administration becoming dominant costs
in data centers. Thus today, many researchers are working on resource man-
agement techniques to support energy efficiency in distributed virtualized IT
systems [16][14][2].

3 The ACGT Project: e-Infrastructure for the Medical
Research and e-Health Platforms

Providing people with personalized treatment, post genomic clinical trials in par-
ticular, was one of the key challenges addressed by another EU-funded project,
Advancing Clinico-Genomic Trials on Cancer (ACGT) (2006-2010)[20]. In this
case, based on an advanced state-of-the-art analysis and obtained results, an-
other two key challenges have been identified. The first important challenge in
carrying out medical research as well as providing better ICT-based services for
an active health monitoring and early diagnosis was an efficient access to and
management of sensitive patient data located in many heterogeneous sources. In
most cases, patient health records have already been collected in various hospi-
tals, clinics or laboratories without the need for further data processing, semantic



Challenges for Future Platforms, Services and Networked Applications 23

Fig. 2. An overall distributed IT architecture of the ACGT platform with main actors
and processes involved

annotation or interoperability. Moreover, patient records were protected behind
many healthcare organizational barriers and shared under legal constraints that
may vary significantly between countries. The second key challenge was related
to an active participation of a patient in the whole process of secure data gather-
ing, sharing and access control, which became extremely difficult with increasing
cross-border patient mobility and the advent of ubiquitous Internet connections
and new services.

Within the ACGT project we have successfully demonstrated an innovative
approach which addresses aforementioned challenges by linking technical exper-
tise in semantic and grid technologies together with legal, ethical and data-
protection issues surrounding patient data. The solution has been defined in the
form of a framework consisting of a combination of technical, organizational and
legal measures. Even if the ACGT project focused mainly on clinico-genomic
trials on cancer, our databases included a wide variety of anonymous data, such
as: symptoms, histology, administered treatment, response to treatment, imaging
data (X-ray, MR, US, CT, etc.), genomic data, or pathology data. To achieve syn-
tactic integration, data access services first need to provide uniform and secure
data access interfaces. This includes uniformity of transport protocol, message
syntax, query language, and data format as well as data protection. Through
the ACGT platform, in particular syntactic access services, data can be queried
over the Internet using SPARQL, thus hiding the different query mechanisms
provided by the underlying databases.

From the technological perspective, a set of interdependent and reusable soft-
ware components, including Grid and Web services and access tools form the
foundation of the entire ACGT platform, see Fig. 2. All security related com-
ponents and message/transfer-level protection mechanisms are largely based on
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a set of proven concepts, technologies and implementations [1]. Thus, risks as-
sociated with purely technological aspects have been limited. However, due to
architecture and design limitations or simply because it is technically impossi-
ble to prevent all cyber attacks and actions, technical security measures leave a
number of open gaps. Therefore, we identified the need for a separate governing
body such as Centers for Data Protection in international collaborative environ-
ments for coordinated technical and procedural auditing, especially in the case
of sustained operational and transnational eHealth services. Owing to innova-
tive and powerful data integration and exploitation tools as well as multi-scale
modeling and large-scale simulations that have been demonstrated in the ACGT
project, we may also envision innovative healthcare services concerning and inte-
grating all levels from the molecular and basic organs to the living organism that
will also be a part of the virtual health records. Thus, not only basic historical
data will be collected in the trusted networks, but also more sophisticated data
structures integrated with personalized computing models for a better predic-
tion and treatment of diseases will be available. Many best practices and lessons
learned from this project could pave the way for new ICT approaches for future
platforms, especially in the e-Health domain, fostering bio-medical knowledge
acquisition and offer better health care services at the regional, national and
international scale [3].

4 The CaKernel Project: A Tool for Emerging Complex
Computing Architectures

According to the famous Moore’s law, the number of transistors on a chip will
double approximately every two years. In fact, capabilities of most digital elec-
tronic devices are strongly linked to Moore’s law: processing speed, networking
bandwidth, memory capacity, sensors or even a resolution of multimedia dis-
plays. All of these have been improving at roughly exponential rates and dra-
matically enhanced the impact of digital electronics in nearly every segment of
the world economy. Processors vendors always tended to implement their own
benchmarks by optimizing applications and programming models for their new
IT systems delivered to the market. However, there are some well-known appli-
cation benchmarking suits that were commonly accepted to evaluate the overall
computing power over the last twenty years, in particular LINPACK [11]. Fig.
3 shows the exponential growth in Top500 supercomputing power measured by
the LINPACK application benchmark and the networking bandwidth in Internet
backbone.

One should understand that the computing power has increased by a factor
of one million over the last forty years reaching the level of 10 000 000 000 000
000 FLOPS (10 Peta FLOPS) in 2011. For comparison, a hand-held calculator
performs relatively few FLOPS, whereas majority of personal computers are
capable of performing at the level of hundreds of Giga FLOPS.With the available
100GB/s optical networking connections, in fact using simultaneously multiple
connections, users are able to move 1 petabyte from one place to another in
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Fig. 3. The improvement at roughly exponential rates of capabilities offered by dig-
ital devices, for instance a) growth in supercomputing power, b) growth in Internet
backbone

about few hours. One petabyte of data is roughly equivalent to few billion good
quality digital photos and Google processes more than twenty petabytes of data
per day [9].

The Moore’s law can also be of relevance in the case of yet another comput-
ing paradigm shift. Many users have not noticed a huge shift behind the tran-
sition from single-core to multi-core CPUs in 2005. From smartphones, through
desktops, up to huge supercomputers, processing units have been permanently
transformed into heterogeneous computing clusters. All the changes in hard-
ware design have also an enormous impact on the software stack, from operating
systems to software languages, programming tools and finally applications. A
single compute intensive application will need to harness the power of hetero-
geneous cores, and in practice it means for software developers that majority of
applications have to be reimplemented from scratch based on new parallel data
structures, algorithms and synchronization routines. Metaphorically speaking,
the Moore’s law hit the wall in 2005 and since then has kept many software de-
velopers busy with application redesigning, reimplementation, and performance
testing. Moreover, to effectively exploit new capabilities provided by multi-core
processors, their modern architectures and low level APIs, software developers
must be aware of many factors that will impact the overall performance of their
applications. From the hardware perspective, one should take into account not
only the clock rate and a number of cores, but also check the memory bandwidth,
efficiency of communication channels, cache topologies, etc. On the other hand,
from the software perspective, it has become extremely important to understand
data dependencies, data structures and synchronization among multiple parallel
tasks for a given problem as all these factors will play a critical role during the
execution [13].

With the recent advent of new heterogeneous computing architectures, there
is still a lack of parallel problem solving environments that can help scientists
to use existing computing facilities easily and efficiently, in particular new hybrid
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supercomputers. For instance, many scientific simulations which use structured
grids to solve partial differential equations in fact rely on stencil computations.
Stencil computations have become crucial in solving many challenging problems
in various domains, e.g. engineering or physics. Although many parallel stencil
computing approaches have been proposed, in most cases they solve only partic-
ular problems. As a result, scientists are struggling when it comes to the subject
of implementing a new stencil-based simulation, especially on high performance
hybrid supercomputers. Therefore, in response to the presented need, an example
of parallel programming framework for different parallel programming environ-
ments will be presented, in particular recently created the CaKernel framework
[5]. In a nutshell, the framework is a tool that simplifies the development of
parallel applications on emerging hybrid computing architectures. CaKernel has
been built on the highly scalable and portable Cactus framework. In the CaKer-
nel framework, Cactus manages the inter-process communication via MPI while
CaKernel manages the code running on GPUs and interactions between them.
As a non-trivial test case, the performance and scalability of the automatically
generated code from CaKernel will be presented.

5 The Platon Project: e-Infrastructure for the e-Science

Nowadays, an advanced analysis of complex, large-scale, multidimensional data
sets is recognized as a key component in many e-Science areas, including com-
putational fluid dynamics, medical imaging, life science, and computational en-
gineering. Modern supercomputers, as it was briefly discussed in the previous
section, especially hybrid clusters based on accelerated graphics, have recently
reached the level of petaflops and are able to easily produce petabytes of data.
In the near future so called Big Data will be obtained from huge scientific in-
struments, such as satellites, telescopes, or large-scale sensor networks, accel-
erators, but also from a large number of commonly used instruments as their
prices have dropped significantly, e.g. high-resolution CT medical scanners or
gene sequencers. Additionally, recent developments in the fields of High Defini-
tion (HD), 4K, 8K or even 16K video capture and projection, rich multimedia
devices, high-speed data networks and storage hardware, and advanced digital
image compression algorithms, are making ultra high digital broadcasting, on
demand visualization, video streaming and digital cinema feasible and in the fu-
ture easily available for everyone [7]. Moreover, there are expected to be 1 trillion
new mobile devices, with high-speed networking interfaces and high resolution
panels, connected to the Internet in the near future, which will help drive even
more exponential growth by the year 2020. One should note, that the exponen-
tial growth in Big Data poses significant scalability and performance challenges
for traditional data analytics, social media monitoring and business intelligence
solutions. Deriving knowledge from large data sets presents specific scaling prob-
lems due to a large number of items, dimensions, sources, users, and disparate
user communities. A human ability to process visual information can augment
the analysis, especially when analytic results are presented in real-time iterative
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and interactive ways. What we are witnessing is another shift in computing gen-
erating information out of distributed data sets in real-time. There will be many
e-Science communities that will benefit from this advancement.

Fig. 4. The successful deployment of five key e-Science PLATON services on the top of
PIONIER high-speed optical network with the 100Gb/s backbone inside Poland and
up to 40Gb/s cross-border connections to different countries

Over the last decade, the successful development of the national high-speed
optical PIONIER network allowed researchers to design and deliver innovative
e-Science services to support researchers in Poland [17]. Thus, the main goal
of the follow up PLATON project (2009-2012) was to deliver a set of key ICT
services [4] [19] [15]: videoconference, eduroam, campus clouds, archiving and
science HD TV services to foster research and scientific collaboration within and
outside Poland, see Fig. 4.

– Videoconference Services: realized by building a high-quality, secure video-
conference system in the PIONIER network enabling point-to-point con-
nections, as well as simultaneous connections among multiple locations in
Poland, giving the possibility of recording and replaying particular video-
conferences from remote data archiving services.

– Eduroam Services: easy to manage, secure roaming and single-sign-on solu-
tion for people from the scientific and academic communities in Poland by
launching model secure systems of access to the wireless network in every
MAN network and HPC centre.
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– Campus Services: Cloud services offered on the top of an innovative com-
puting infrastructure consisting of a large number of small clusters deployed
on campuses which deliver applications on demand thanks to virtualization
technologies, capable of providing a wide range of campus users, mostly stu-
dents and researchers, an elastic and scalable access to specific applications,
both in MS Windows and Linux systems.

– Archiving Services: available at a national level, offer remote archiving and
backup capabilities as a value added to the national, academic and research
PIONIER network. Archiving services, which increase the real-time data
protection, are one of the elements necessary to increase reliability of func-
tioning of each unit, and are targeted at academic environments, including
the higher education system, research and development units and clinics
dependent on universities and medical universities.

– Science HD TV Services: a set of a national level services offering interac-
tive science HD television based on high definition digital content for both
education and popularization of science and telemedicine.

6 Conclusions

Recently published the Cyberinfrastructure Framework for 21st Century Sci-
ence and Engineering (CIF21) presents a set of key complementary and over-
leaping components that are critical to effectively address and solve the many
complex problems facing science and society [22], [23]. Core components include
data, software, campus bridging and cybersecurity, learning and workforce devel-
opment, grand challenge communities, computational and data-enabled science
and engineering, and scientific instruments. It is clear that e-Science is increas-
ingly based on global collaborations that need access to different resources (e.g.,
people, instruments, libraries, data, computations, software, algorithms, etc.)
across different science communities (e.g., Research Infrastructures, Grand Sci-
ence Challenges, Societal Challenges) which are at different levels of maturity
and of different sizes and impact (e.g., niche high-end science, campus science,
citizen science, etc.). To deliver sustainable e-Infrastructure across all of these
areas, it is necessary to engage with representative stakeholders from across
all of these areas. It is vital to understand their usage scenarios and result-
ing requirements from which a multi-year plan that identifies and delivers the
operation, maintenance and development of the key common components that
can be agreed across the communities. A sustainable future for the digital sci-
ence community that allows for maximal science return through easy controlled
sharing between domains requires at the global scale solutions to the following
challenging problems in the near future:

– easy access to e-Infrastructure providers and their core services at the na-
tional and international levels,

– the dynamic provisioning of high-performance networking,
– the services and tools needed to provision and use e-Infrastructure,
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– people should not use directly Big Data, but information created on-demand
via appropriate tools and services,

– the data services of curation, discovery and movement are needed.

Each of these areas will continue to evolve along different timelines and costs
associated with them. To ensure long-term sustainability for what will be a
multi-year plan where continuity and vision is essential, engagement with policy
makers and funders.

The service-driven Information System domain becomes a new complex do-
main, which requires new interdisciplinary approaches. If and how all the identi-
fied and briefly discussed challenges for e-Science as well as lessons learned from
the past research will influence specific business and enterprise processes are
still open questions. Nevertheless, to deal with the increased complexity of inter-
organizational and intra-organizational processes it is worth to be aware of inno-
vative ICT solutions successfully implemented and deployed on e-Infrastructures
to be able better design, implement, deploy and integrate your own IT solution.
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