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Abstract
As mobile devices have been steadily overtaking the per-
sonal computer as a primary computing platform, mobile
applications deliver increasingly complex functionality. Fur-
thermore, for next generation mobile applications to be
proactive in their functionality, they need to be able to col-
lect and process massive amounts of context-sensitive in-
formation on the fly. Leveraging high-end computing re-
sources offers a promising avenue to address these emerging
computational needs of mobile computing, both improv-
ing performance and saving battery power. These computa-
tional resources can now be conveniently accessed via stan-
dardized cloud-based interfaces. However, several research
challenges must be addressed to be able to seamlessly use
mobile devices as convenient interfaces for steering cloud-
based high-performance computations. This position paper
presents our view of the research agenda that must be fol-
lowed to achieve these objectives as well as reports on our
initial efforts in this endeavor.

Categories and Subject Descriptors H.3.3 [Systems and
Software]: Distributed Systems; C.2.4 [Distributed Sys-
tems]: Distributed applications

General Terms Design

Keywords HPC, Mobile Computing, Cloud Computing

1. Introduction
We foresee that next-generation mobile applications will be
proactive in their functionality and thus will collect and pro-
cess massive amounts of context-sensitive information. To
improve performance and save battery power, mobile appli-
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cations will need to be able to leverage high-end computing
resources including cloud infrastructures and computational
science & engineering software, even though adopting the
legacy code in computational science & engineering soft-
ware can be non-trivial. We see automated refactoring tech-
niques as a powerful tool [2], capable of streamlining the
process of adopting extant computational science & engi-
neering codebases for next-generation mobile applications.

Leveraging high-end computing resources in mobile ap-
plications presents both challenges and opportunities. The
challenges lie in the necessity to evolve the legacy com-
putational science codebases for the requirements of next-
generation mobile applications. The scientific and engineer-
ing domains are characterized by massive volumes of legacy
code that needs to be maintained and evolved. The key op-
portunities that we identify are in applying automated soft-
ware refactoring techniques and tools for the needs of com-
putational science & engineering in mobile applications.
State-of-the-art software refactoring techniques and tools
hold a huge promise as a means of increasing programmer
productivity in mobile software development. This position
paper describes our vision for leveraging high-end com-
puting resources for next-generation mobile applications
through automated software refactoring and tools.

2. Our Vision
In the following discussion, we outline our vision for next-
generation mobile applications.

2.1 Leveraging HPC Resources
Our vision for the technological future is that the software
engineering research agenda will be dominated by the needs
to support next-generation applications such as a Personal
Mobile Assistant (PMA). These applications will collect and
process massive amounts of context-sensitive information on
the fly, and hence will need to be able to leverage high-end
computing resources for their efficient execution.

We also observe that leveraging high-end computing re-
sources in the mobile domains presents both challenges and
opportunities. The challenges lie in the necessity to adapt
the legacy codebases for the requirements of future comput-
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ing systems, which remains an elusive goal despite multiple
targeted research efforts. The primary opportunities that we
identify is in developing and applying automated refactor-
ing techniques that can streamline the process of adapting
both existing mobile and computational science/engineer-
ing codebases, so that they can be harmoniously bridged to-
gether to enable the next generation of PMA applications
expeditiously and cost-efficiently.

Hence, in summary, the software engineering research
challenges that need to be addressed to realize this vision
are (1) enabling mobile applications to seamlessly access
high-end computational resources, (2) developing effective
refactoring techniques that can adapt the massive volumes
of legacy code, both mobile and high-end computing, for the
new requirements and execution environments.

2.1.1 Automated Software Refactoring
In the last decade, the productivity of desktop application
programmers has been significantly increased due to the de-
velopment of software tools such as Eclipse, Microsoft Vi-
sual Studio, NetBeans, and IntelliJ IDEA. Software refactor-
ing is the process of changing source code without chang-
ing its semantics, in order to improve non-functional aspects
of the software. Aside from readability and maintainability,
many other aspects (e.g., performance, responsiveness) can
benefit from refactoring technologies.

We have been working in the area of automated refac-
toring for utilizing high-end computing resources. We intro-
duced a novel cloud offloading approach that leverages the
resources of cloud-based servers to execute portions of a mo-
bile applications functionality [1]. Then, we created novel
refactoring techniques that facilitate the process of transi-
tioning existing applications to make use of cloud-based re-
sources [2].

2.1.2 Offloading Local Computations
The idea of computation offloading has been widely ex-
plored to improve the performance of local applications [1].
The concept behind computation offloading is relatively sim-
ple: When a local application identifies some functional-
ity as “hot” (that is, computation intensive), it transforms
to a distributed application and offloads the required data
to a cloud server, which executes the hot functionality and
then transfers back the results. Recently, cloud offloading
has gained prominence to reduce the energy consumption
of mobile applications, whose functionality sets and com-
putational needs expand continuously. Furthermore, devel-
opments in mobile hardware and software technologies in-
creasingly enable the integration of complex computational
science algorithms into mobile applications. However, their
functionality is often limited by the shortage of mobile hard-
ware resources, including the CPU, storage, and battery.
Computation offloading can help address these limitations.

2.1.3 Adopting Legacy Code in the Cloud
The scientific and engineering domains are characterized by
massive volumes of legacy code that needs to be maintained
and evolved. One of the evolutionary thrusts is adopting
the legacy code for modern computing environments. Cloud
computing has been shown to deliver tangible benefits in
the enterprise domain by providing massive computing re-
sources at scale and at cost. Leveraging cloud computing for
the needs of computational science & engineering has great
potential benefit, even though adopting the legacy code for
the cloud computing interfaces can be non-trivial [2].

2.1.4 Dynamically Adapting Execution Patterns
The quality (e.g., performance, energy-efficiency) of mo-
bile applications accessing cloud-based high-end comput-
ing resources highly depends on the underlying hardware
and execution environments (e.g., latency, bandwidth, net-
work connectivity such as WiFi or cellular). Thus, our vision
hinges on the ability to adaptively change execution patterns
at runtime based on the current environmental conditions
to further improve the QoS of mobile applications. To that
end, middleware presents a promising target by dynamically
adapting various facets of distributed functionality (e.g., data
compression and transmission) and mobile execution (e.g.,
limiting or deferring executions) in response to fluctuations
in runtime conditions [3].

3. Conclusion
It is commonly the case that many application developers
have limited experience with computational science soft-
ware, which is created, maintained, and used by domain
experts (i.e., scientists) and runs in high-end computing re-
sources. Thus, the dichotomy between the intrinsic difficulty
of high-end computing and the non-expert status of many
application developers is a major bottleneck in developing
proactive mobile applications safely and efficiently. Thus,
automated software refactoring and tools will be able to keep
improving the productivity of mobile software developers
as well as the performance and energy efficiency of next-
generation mobile software.
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