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1 EXTENDED ABSTRACT

Many scientific simulations produce vast amounts of data that is
stored in parallel filesystems or large-scale databases to be ana-
lyzed later. For example, the climate community requires petabytes
of storage to save simulation outputs. The European Centre for
Medium-Range Weather Forecasts (ECMWEF) alone had an archive
of 100 PiB in 2015, which experienced an annual growth rate of
45% [6]. This means, that by 2020, the ECMWF archive will be near
a Zettabyte. Similarly, groups of astrophysicists unite to experiment
with large-scale simulations using trillions of particles to better
understand the universe [7]. A single such simulation creates more
than 20 PiB output and virtual observatories often store thousands
of simulation results for which the accuracy (in terms of timesteps)
is limited by the available storage [3, 8]. Astrophysics and climate
are just two communities that are facing large-scale simulation data
today but as we proceed into the age of simulation [10], such big
data problems will soon affect the majority of sciences.

The data produced by such hero-runs is extremely valuable and
is analyzed by thousands of researchers over the course of decades.
Scientists are used to a data-backed analysis workflow where the
data exists in files or databases. Specifically, this workflow addresses
two requirements: (1) data can conveniently be analyzed with any
traversal pattern (e.g., time-reverse or random access) and (2) the
exact same data can later (often years) be re-analyzed to reproduce
the results. Even in-situ analysis techniques [4] cannot always sat-
isfy the trajectories that analysis tools require and it is often not
possible for thousands of researchers to re-run the whole simula-
tion. Furthermore, reproducibility is often mandated by regulatory
bodies especially in climate science. Thus, the data-backed analysis
has been established as the de-facto standard for data analysis.

Yet, storing the massive amounts of ever-growing simulation
output data is a large part of the big data challenge in scientific
computing. This is primarily due to the high storage costs and the
fact that compute capabilities grow faster than storage capacities
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and bandwidths. Furthermore, traditional storage schemes are sub-
optimal for long-term archiving [2] and we need to find alternatives
that allow us to store data redundantly at reasonable cost.

Fortunately, simulation output data is different from data that is
collected by sensors in the field because the scientific application
that initially produced the data can be used to re-create it at any
point. Since computation can be significantly cheaper than storage,
it is worth exploring the computation-storage tradeoff for large-
scale scientific data. This is especially attractive because datacenters
have a fixed storage capacity and scientists are simply not able to
store the output of some simulations. Yet, a system that only stores
a subset of the simulation data and recreates the remaining data on
demand could enable simulations and analyses that are impossible
today. This would not only enable new scientific breakthroughs
but the system’s cost would shrink with the computation costs.

In this work, we introduce SDaVi, a Simulation Data Virtualizer,
a system that virtualizes offline-data access by automatically re-
running simulation for computing data that is not on disk.

The proposed workflow consists in having scientists setting
up the initial simulation in order to produce the restart files. The
amount of restart files to produce is a simulation parameter, hence
the required storage can be tuned. Later, different analysis tools ac-
cess the virtualization layer through standard data-access interfaces
such as netCDF [9] or HDF-5 [5]. Wrappers to such interfaces are
provided in order to enable data virtualization. The system can work
in a fully-transparent way, accepting requests from off-the-shelf
analysis tool, that are not aware of the virtualized environment.
Otherwise, additional info on the access pattern can be provided by
virtualization-aware tools. Also, analysis tools can be grouped in
synchronized sets to minimize the re-simulation computing time.

If the requested data is not available in the SDaVi-managed
caching hierarchy, a new simulation is launched in order to re-
create the data. We remark that simulations can be restarted on
different devices than the original simulation, e.g., smaller GPU
systems, because the simulated time intervals are less demanding.
SDaVi keeps track of the analysis tools’ access patterns and apply
prefetching strategies in order to minimize the re-simulation time
and increase the aggregate simulation bandwidth (i.e., the analysis
tool consumes the data faster than it is produced).

This approach requires that the simulations can be re-started and
produce bit-reproducible outputs. We remark that most simulation
tools already support checkpoint/restart to recover from system
failures. Bit-reproducibility is required for good scientific practice
and can be added relatively easily using standard techniques [1].

Overall, SDaVi offers a viable path towards exa-scale scientific
simulations, by exploiting the growing computing power and re-
laxing the storage capacity requirements.
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