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GPI-Space development:

1 GPI-Space runtime system

monitor

2 GPI-Space integrated do-
main specific graphical deve-

lopment and execution
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As mentioned, GPI-Space separates domain
expert and parallelization expert knowl-
edge, allowing each specialist to focus on
the field of his expertise.

In a first step, the parallelization experts
will — together with the domain expert —
build up an understanding of the specific
requirements of the given domain and de-
fine basic components for the user library,
such as parallel I/0. They also configure
GPI-Space with the specific parallelization
patterns for the data type used, and add
data management and improved fault tol-
erance for ultra-scale machines.

For some domains, like seismic, these steps
have already been performed and GPI-Space
is ready to be used from day one. Ask us,
which domains we have already covered.

For all these steps. Fraunhofer experts will
be on your side. We guide you through the
process of deploying GPI-Space into your
organization and make sure, the transition
to the new approach is as smooth as possi-
ble.

Once these steps have been executed, the
domain user can start expanding the library
with his own components.

Users typically deal with very complex algo-
rithms with various dependencies. In a first
step, a logical decomposition of this algo-
rithm into independent modules is per-
formed. Those modules will then become
part of the user library.

As part of the user library, they can be
used to recreate the same algorithm as a

workflow which can then be executed in
parallel by GPI-Space without further effort.
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GPI-Space

GPI-SPACE

GPI-Space is Fraunhofer’s integrated solution to solve big problems on ultra-scale machines.
GPI-Space is used for interactive seismic imaging, for reverse time migration (RTM), for fi-
nancial services, for sorting huge amounts of data, and for live streaming data analysis.
GPI-Space is a general purpose system that can be specialized to your domain by adding
knowledge about your data, its parallelization patterns, and how to handle it.

In GPI-Space, the user can easily express arbitrary parallel workflow patterns, including cy-
clic dependencies. Workflows are formally verified and targets for a large number of well-
founded optimizations. It's way more than just Map & Reduce!

The application independent virtual memory layer of GPI-Space is based on GPI, Fraun-
hofer’s scalable, fast and efficient PGAS layer. Data stored in the virtual memory can be
accessed by arbitrary applications and hardware resources like CPUs, NVIDIA GPUs, and
Intel XEON Phi. It's much more than just Spark!

Besides dynamic load balancing and fault tolerant execution on ultra-scale machines, GPI-
Space allows to execute arbitrary legacy codes. There is no need, to learn parallelization,
the automatic parallelization in GPI will do it.



GPI-Space use cases:

1 Financial service:

portfolio evaluation

2 Life science: phylogenetic

tree analysis

3 Engineering:

structural optimization

4 Seismic imaging work-

flows and migration

The speed-up of today’s compute systems
is mostly generated by the massive use of
parallelism which is also essential for the
ability to solve large scale problems in the
first place. This parallelism and factors that
come along with it, increase the complexity
of creating efficient applications for those
systems to a level, a domain user can no
longer master. Thus Wirth's Law will prevail
if an approach does not bridge this gap.

Programmers are facing an ever increasing
gap between the need to focus on their
domain and create solutions, and the in-
creasing challenge to make this solution
efficient in a parallel environment.

GPI-Space bridges this gap between do-
main user and HPC expert and takes the
parallelism burden off the domain user.

Sources of complexity are manifold. Some
factors that contribute to a high level of
complexity are:

= parallel systems with a large number of
cores per compute node,

= distributed systems with large numbers
of nodes,

= interconnectivity between the nodes
grows with O(n?) in worst cases,

= uncertainty, i.e. the more components in
a system, the more likely resource failures
become,

= heterogeneity of components, such as
CPUs, GPUs, hardware accelerators etc.,
and reliability requires redundancy and
separate levels of logic.

GPI-Space is a great solution for all classic
large scale HPC problems and is already
widely used in various industries to speed
up calculation time by efficiently using the
available resources, and to make the pro-
cess more failure tolerant so a system error
does not lead to a complete loss of weeks
or months worth of processing time.

Companies from the oil and gas industry
are using GPI-Space for speeding up seis-
mic imaging algorithms, and scaling them
to higher resolutions in order to find oil
and gas deposits to ensure our energy sup-
ply for the future.

In life sciences, GPI-Space is used to analyze
the human genome in order to find cures

to diseases like Alzheimer's, cancer, MS and
many others, millions of people suffer from.

Taking GPI-Space to the next level of possi-
bilities, batch and speed layer of the Lambda
Architecture have been unified within a sin-
gle framework, allowing new approaches to
existing big data challenges. A data stream
from any source can be processed in memo-
ry with any kind of topology and written to
a fast parallel file system. Batch data from a
file system can be loaded simultaneously
and combined with the streaming data.

With this functionality, real time data anal-
ysis projects can be realized without leav-
ing the familiar development environment
of GPI-Space, which can also be used to
feed data into today’s big data systems.

GPI-Space uses modular workflows to exe-
cute each task from simple to most com-
plex. Each such workflow is comprised of
independent components and can again
be used as such a component itself.

The foundation for this workflow approach
is a library of such components which comes
with the domain specific configuration of
GPI-Space. Over time, simply by using it, us-
ers will expand this library and it will contain
more and more reusable components, each
solving one individual problem. This means,
solutions only have to be implemented once
and not over and over again.

Examples for such individual components
are: loading/storing processes for given data
patterns, pre-processing and processing
components, but also legacy modules either

as source code or in form or existing binaries.

Internally, GPI-Space uses a local, concur-
rent and reversible theoretical modeling
language (Petri Nets) to describe work-
flows. But there are domain specific graph-
ical workflow editors to compose new
workflows by adding data dependencies
between existing components.

The more GPI-Space is used, the faster the
library will be filled with reusable compo-
nents and the faster users are able to create
new solutions just by plugging a new piece
of code in between existing components.
This way, rapid parallel prototyping is possi-
ble because the user can focus on his prob-
lem and doesn’t have to worry about the
challenges and traps of parallelism, because
that part has already been solved.
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GPI-Space tools:

1 Interactive salt dome

modification

2 Direct connection with

XTreemView



