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1 Introduction

History repeats itself. Since the invention of
the programmable computer, numerous computer
scientists keep dedicating their professional lives
to the design of “the single, best” programming
model, whereas programmers “vote” by choosing
their favourite languages and tools.

Interestingly, these choices have always been
guided by non-functional properties. For program-
ming a single computer, the most widely used models
have become object-oriented and component-based
programming, a choice driven by their high abstrac-
tion level, leading to high programmer productivity.
For parallel computers, the winner turned out to be
message passing, providing by far not the highest-
possible abstraction level, but the closest match be-
tween machine architecture and programming model,
leading to efficient program execution.

For grids, the race is still open. Here, additional
non-functional properties like fault-tolerance, secu-
rity, and platform independence enter the scene. In
this work, we explore the scope of grid programming
problems and argue for a palette of programming ab-
stractions, each suitable for its respective problem do-
main.

2 Grids

Grid computing had once been introduced via the
analogy to the electrical power grid: the idea of “plug
and run” suggested that grids could execute user pro-
grams on some unknown, remote resource, without
any further user intervention of effort. Reality turned
out to be different. Users typically have to spend lots
or efforts to make their applications suitable for grids.

Grids turned out to be highly complex environ-
ments, with frequent variations of resource availabil-
ity and operativeness. Due to the combination of mul-
tiple, independent administrative domains, along with
different security policies and deployed middleware,

writing and deployment of grid applications turned
out to be a challenging task.

To address this problem, many grid programming
environments have been introduced, the authors of
many, if not all of them, are claiming that their tool
provides the single, right way of writing grid applica-
tions.1 2

This is an extended abstract of a full paper, pub-
lished in [4]. In Section 3, we list typical application
requirements. In Section 4, we map the different types
of grid applications and tools to appropriate program-
ming environments.

3 Requirements of grid applications

Figure 1 shows the perspective of the application
developer. We distinguish required functional prop-
erties (“What applications need to do.”) from non-
functional properties (“What else needs to be taken
care of.”).

3.1 What applications need to do

• Job submission, spawning, and scheduling

• Access to file and data resources

• Inter process communication

• Application monitoring and steering

3.2 What else needs to be taken care of

• Performance

• Fault tolerance

• Security and trust

• Platform independence

1This, of course, also includes the author.
2However, these claims typically need to be taken with a “grain

of salt.”
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Figure 1: The application developer’s view on an
application and its interaction with the grid environ-
ment.

4 Types of grid programs and their pro-
gramming environments

Different kinds of grid applications require dif-
ferent programming models, interfaces, and environ-
ments. We discuss possible application types in top-
down order.

• Legacy codes
are such applications that have been written
without grids in mind and which can not be
modified to become grid-aware or at least paral-
lelized by a grid-enabled environment. Running
such codes in a grid environment requires vir-
tualization of the machine for which the codes
once had been written, as, e.g., proposed in [2].

• Parallel applications
are written in order to achieve fast execu-
tion by using many compute resources together.
For running parallel applications in grids, they
need to be programmed by explicitly using
a grid-enabled, parallel programming environ-
ment. Prominent examples of such environments
are MPI, ProActive [5], or Satin [6].

• Grid-aware codes
are those application programs that are pro-
grammed (or re-programmed) to use grid re-
sources explicitly, like spawning off jobs to other
machines or using remote files and data bases.
These programs are best written using a simpli-
fied API like SAGA [3] that restricts the pro-
gramming environment to application needs, ab-
stracting away such features needed to monitor
or manage services and resources.

• Support tools
More experienced application developers fre-
quently start writing their own application sup-
port tools. As such tools are operating across

multiple services and resources, they need to ab-
stract from the individual entities in a grid. They
still need detailed control, for example of secu-
rity policies or performance information. These
tools are thus best programmed using a service
and resource abstraction layer like the GAT [1].

• Service and resource management
Software for management and administration of
resources and services needs full control over
status and features of the grid middleware. This
type of software will best be programmed di-
rectly using the respective service API’s.

5 Conclusions

Programming for grids is hard. There is no sin-
gle, “one size fits all” programming model for grid
software. Different problems require different ap-
proaches in order to cope with non-functional aspects
of programming that in fact determine the right choice
of tools. There will always be some trade-off between
programmer productivity (by good abstractions) and
program efficiency or resilience to failures and chang-
ing environments. What is the best grid programming
model? “It depends!”
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