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SCEC Broadband Platform: System Architecture
and Software Implementation
by Philip J. Maechling, Fabio Silva, Scott Callaghan,
and Thomas H. Jordan

Online Material: Text-based (BBP) input and output files and
figures of goodness of fit; seismogram comparisons and source
model illustrating the BBP validation of the Loma Prieta
earthquake.

INTRODUCTION

The Southern California Earthquake Center (SCEC) Broad-
band Platform (BBP) is an open-source software distribution
that contains physics-based ground-motion models capable of
calculating earthquake ground motions at frequencies above
10 Hz across regional distances. In addition, the BBP contains
software tools for evaluating ground-motion models and
comparing simulation results to observed ground-motion re-
cordings and against ground-motion prediction equations
(GMPEs). The BBP also includes software utilities that help
users run large numbers of ground-motion simulations and
manage the simulation results. Several of the ground-motion
simulation methods included in the BBP are described in
related articles in this special focus issue. In this article, we
describe how the BBP system architecture and software im-
plementation support the scientific and engineering processes
needed to assess ground-motion models for use in engineering
applications.

BBP SYSTEM AND SOFTWARE REQUIREMENTS

The BBP design and development was initiated after a number
of promising broadband ground-motion simulation methods
were developed (e.g., Atkinson and Boore, 2003; Boore and
Atkinson, 2008; Graves and Pitarka, 2010; Mai et al., 2010;
Schmedes et al., 2010). Researchers were interested in compar-
ing ground-motion simulation results between methods and in
comparing simulation results to observations and to GMPEs.
Such comparisons can be difficult because alternative methods
often require different input parameters or specify input param-
eters in dissimilar formats. Fair comparisons between methods
are only possible once multiple methods can input equivalent
problem definitions and output comparable results. Based on
previous experience evaluating simulation methods, seismolo-
gists and earthquake engineers recognized a need for a software

tool to support the evaluation of the newly emerging broadband
simulation methods. Drawing on discussions with both seismol-
ogists and engineers (e.g., Jordan and Maechling, 2003; Maech-
ling et al., 2009; Bielak et al., 2010; Somerville et al., 2011), we
identified the following list of essential capabilities of the re-
quired tool. The BBP should do the following:
• implement multiple ground-motion simulation methods

capable of outputting ground-motion seismograms;
• enable multiple ground-motion methods to run exactly the

same problem and produce directly comparable results;
• produce repeatable results;
• provide seismogram postprocessing methods to support

analysis of simulation results;
• be extensible, so that ground-motion simulation methods

and postprocessing software utilities can be easily added or
modified;

• be constructed using open-source software tools, such as
the GNU compilers, and run in a Linux operating system
computing environment; and

• be released as versioned open-source software so users can
examine the source code and results can be attributed to a
specific version of the platform.

The goals of the Southwestern United States Ground Mo-
tion Characterization (SWUS) and Next Generation Attenu-
ation for Central and Eastern North America (NGA-E)
projects described in this special focus issue added additional
BBP requirements. For SWUS and NGA-E, it was important
that the BBP be capable of the following:
• separate common input parameters, such as the source

description and velocity model used by all methods, from
method-specific parameters used by individual methods;

• allow each method to define region-specific configuration
parameters and provide tools to determine which configu-
ration parameters work best for a given region;

• support comparison of simulated ground-motion ampli-
tudes to observed ground-motion amplitudes;

• support comparison of simulated ground-motion ampli-
tudes to ground-motion amplitude ranges given by existing
GMPEs;

• support large suites of scenario ground-motion simula-
tions as needed in evaluation processes by running many
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simulations quickly using high-performance com-
puters; and

• support collaborative scientific and engineering ground-
motion simulation evaluation processes.

In the remainder of this article, we describe how we
designed and implemented the BBP to meet these user
requirements.

BROADBAND PLATFORM CONCEPTS AND
TERMINOLOGY

A set of concepts and related terminology has developed
around the BBP. These terms, once defined, make communi-
cations about the platform easier. To begin, we describe the
BBP as a platform to communicate the fact that the BBP is
more than a single scientific application program. In SCEC
terminology, a “computational platform” is a well-integrated
collection of validated scientific software and geophysical mod-
els that can perform a useful research calculation. The BBP im-
plements a component-based software architecture. Within the
BBP, a “component” is a scientific computer code or program
that has been integrated into the platform, accepts BBP format
inputs, and produces BBP format outputs. A “method” is a col-
lection of one or more components that can perform a ground-
motion simulation. “Workflows,” or “pipelines,” are equivalent
concepts that refer to a sequence of calculations that may in-
clude both ground-motion simulations and validation process-
ing, in which the output of one component is used as input to
the next processing stage. A “simulation” is the basic unit of
work for the BBP. A simulation represents an invocation of the
platform using a specific source description, site list, velocity
model, and method that produces one or more output seismo-
grams. Practical use of the BBP typically requires running many
simulations. A “scenario” is a general description of an earth-

quake as observed by a particular set of stations and for a speci-
fied velocity model. A scenario defines the earthquake magnitude,
fault dimensions (length, width, depth, and segmentation), and
fault geometry (strike, dip, and average rake). A scenario does not
define the details of the rupture history (slip distribution, slip
time function, and rupture speed) and does not define hypocen-
ter location. Earthquake source definitions, given as a part of a
scenario, are elaborated into distinct source realizations. Source
realizations may differ by initial stress distribution, slip distribu-
tion, slip time function, hypocenter location, and rupture veloc-
ity. Source realizations are created in the platform by changing
source parameters, a numerical seed parameter, or both, in the
source definition file. In BBP usage, “verification” involves com-
parison against expected results, whereas “validation” involves
comparison against observations. Figure 1 shows an example
of a BBP validation workflow to illustrate the concepts we are
presenting. Using these concepts, we can more easily describe
the capabilities of the current BBP system.

DATA FLOW PROCESSING MODEL WITH FILE-
BASED DATA EXCHANGE FORMATS

The BBP was constructed by integrating a collection of inde-
pendently developed scientific software programs (e.g., Zeng
et al., 1994; Atkinson et al., 2009; Graves and Pitarka,
2010, Mai et al., 2010; Schmedes et al., 2010). The availability
of these existing open-source scientific codes led to a modular-
ized BBP system architecture that separates BBP processing into
multiple small stages. By assembling the BBP from multiple
software programs, we avoid a monolithic software program
that is difficult to understand and modify. However, with this
modular approach, multiple software programs must be used to
implement a basic BBP ground-motion calculation, and most
of the independently developed scientific codes used in the BBP
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▴ Figure 1. Overview of a Broadband Platform (BBP) simulation workflow showing how a ground-motion simulation is implemented in
three processing stages (blue circles), followed by two stages of postprocessing (green circles). The ground-motion simulation method
shown is implemented using three components: a rupture generator, a low-frequency ground-motion simulation, and a high-frequency
ground-motion simulation. In the first postprocessing stage, ground-motion time series are converted to peak pseudospectral acceler-
ation (PSA) at different periods. In the second postprocessing stage, BBP validation processing compares observed ground motions
against ground-motion simulation results.
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were not developed with interoperability in mind. Our basic
approach for making the BBP codes interoperable is to define a
BBP calculation as a specific sequence of programs in which
files output by one processing stage are used as inputs by sub-
sequent processing stages. BBP developers describe this as a da-
taflow architecture with file-based data dependencies. BBP
users may refer to this as a workflow or pipeline processing
approach.

As mentioned above, the BBP uses file-based data exchange
between processing stages. File-based communication between
programs is slower than several other possible approaches, but
it is easily implemented and reduces the need to modify the
components involved. The BBP defines standard text-based file
formats as interfaces between components. BBP components
are configured to read files in BBP format and to output results
in BBP file format. Internally, components can use their own
input and output formats and may use method-specific input
files such as Green’s functions (GFs), but they must convert
their internal formats to BBP formats at component interfaces.
This format conversion approach works as long as native file
formats contain the information required by the BBP standard
format.Ⓔ Examples of standard BBP file formats are available
in the electronic supplement to this article. A list of standard
BBP file formats is provided below:
• Source (SRC): A source file contains simple rectangular

fault geometry, an earthquake magnitude, and a hypocen-
ter location. There are no time parameters, such as origin
time or rise time, in the SRC file source description.

• Site list (STL): A site list contains a list of one or more
sites for which ground motions will be calculated. Both
the site list and the SRC file contain geographical loca-
tions, and the relationship between the SRC hypocenter
location and the site locations determines the distance
from the event to the sites of interest.

• Velocity model (VMOD): A velocity model file contains a
list of velocity layers, their thickness, and VP , VS , density,
QP , QS for each layer, assumed to be in the geographical
region of interest. For methods that use GFs, the input 1D
velocity model must match the 1D velocity model used to
generate the GFs.

• Standard rupture format (SRF): A rupture generator com-
ponent converts a simple SRC file into a SRF file based on
seismological rules implemented in the rupture generator.
The SRF format describes the earthquake source in a time-
series format.

• BBP seismograms: The BBP outputs ground-motion seis-
mograms in a three-component time-series format. BBP
seismogram timestamps are given relative to event origin
time, not arrival time or absolute time, as found in most
observational data formats. The BBP seismogram format is
used for multiple ground-motion types, including acceler-
ation, velocity, and displacement. BBP seismogram format
is used as the standard input and output format for many
BBP components and utilities.

In addition to these BBP exchange formats, there are two
more standard file formats used within the BBP. These two text

formats are important to the operation of the BBP platform,
but they are not, strictly speaking, data exchange formats.
• XML workflow: The BBP defines each simulation in an

XML workflow format that defines the components that
will be run, and the input files to be used in each stage.
The BBP XML format defines a directed acyclic graph, a
common workflow definition form.

• Observational ground-motion time-series data: BBP valida-
tion processing requires management of observational data
sets. The BBP can process observed ground-motion seis-
mograms in Pacific Earthquake Engineering Research
Center seismogram format, or alternatively, in BBP seismo-
gram format.

The BBP implements its multistage computing capabilities
using two important software constructs. First, the BBP defines
an XML workflow specification format to describe the input
files and computer programs needed to run a ground-motion
simulation and any required postprocessing stages. Second, the
BBP provides a software framework that interprets these XML
workflow specifications and executes the given list of programs,
using the given input files, in the correct order. With these two
constructs, the BBP can flexibly support multistage ground-
motion simulation calculations, making it easy to add or
remove computational stages without changes to the BBP
infrastructure. BBP XML files are important metadata for
BBP calculations because they define the exact inputs and pro-
grams used to calculate a particular result. Given a working
copy of the BBP software and the required input files, a
BBP XML workflow specification can be used to rerun a spe-
cific BBP ground-motion simulation. The number and type of
processing stages in a particular BBP simulation depends on the
specific research calculation defined in the XML file. Figure 2
shows the data file inputs and processing components defined
in a BBP XML workflow specification needed to implement
the BBP workflow in Figure 1. Ⓔ An example of a BBP
XML workflow specification is available in the electronic sup-
plement to this article.

SCIENTIFIC SOFTWARE COMPONENTS

The BBP performs its processing by running a series of BBP
components. Each component accepts file-based inputs in
one of the BBP standard formats and outputs the results in
one of the BBP standard formats. A summary of current
BBP ground-motion simulation methods, showing the compo-
nents used to implement each method and two common post-
processing components, is provided in Table 1.

BBP components are implemented, at their outermost layer,
as a Python language software program. An example BBP com-
ponent is shown in Figure 3. Some BBP components, such as
postprocessing utilities, are written completely in Python. For
many more-complex BBP components, a BBP Python language
software program calls a software executable written in a com-
piled programming language, such as C or FORTRAN. In this
case, we call the Python language program a “Python wrapper,”
and the BBP component is composed of the Python wrapper and
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▴ Figure 2. This workflow diagram shows how a BBL XML workflow specification defines a BBP validation simulation based on the SDSU
method. Input files needed for a validation simulation are shown as red boxes, BBP components are shown as yellow ovals, and BBP
output files are shown as blue boxes. The SDSU method uses the rupture generator and low-frequency components of the Graves and
Pitarka (GP) method but also includes its own high-frequency component that generates broadband seismograms. Output validation data
products produced by the BBP are produced using software that is shared by all methods.
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the compiled language program together. Python wrappers are
an important design technique used to build the platform. By
constructing each component as a Python language program, the
overall BBP framework calls only Python programs, hiding the
use of other programming languages and executables. Wrappers
enable us to integrate programs in a variety of languages into the
platform with a minimum of modifications. To reduce modifi-
cations to scientific programs, component wrappers often per-
form file format conversion processing, converting BBP format
inputs to the native input format of the scientific codes, then
converting the native output format of the scientific code to
BBP format before the component processing completes. In this
way, minimum modifications to the original scientific codes are
required.

To accrue the benefits of this software architectural ap-
proach, we accept a number of disadvantages. Reformatting in-
put files requires additional processing time, increases the

disk-based input/output requirements of the platform, and in-
creases the data storage requirements by introducing duplicate
files in alternative formats. We currently accept these ineffi-
ciencies, but recognize that BBP performance can be improved
in each of these areas by minimizing duplicate files and process-
ing in future versions.

Within the platform, we distinguish between BBP compo-
nents used to implement ground-motion simulation methods
and BBP components used to implement common postprocessing
stages. Examples of BBP components used to implement ground-
motion methods include rupture generators, low-frequency deter-
ministic waveform processing, and high-frequency stochastic
components. As described earlier, a method may be implemented
by combining components from different sources. For example,
the Graves and Pitarka (GP) low-frequency ground-motion
simulation component is used in both the GP method (Graves
and Pitarka, 2010), when combined with the GP stochastic

Table 1
Broadband Platform (BBP) Ground Motion Simulation and Postprocessing Components

BBP Ground Motion
Method Name

Rupture
Generator

0–1 Hz
Motions

1–100 Hz
Motions

Time-Series
Postprocessing

Goodness-of-Fit
Postprocessing

GP Gen_Slip JB_Sim HF_Sim RotD50 Bias Plot
SDSU Gen_Slip JB_Sim BB_Toolbox
UCSB UCRMG Syn1D
EXSIM EXSIM
CSM Simula

Table columns describe BBP ground-motion method names and three ground-motion simulation stages and two common
postprocessing stages. Table rows show how selected BBP simulation methods are implemented in one or more processing
stages within the BBP and how the common postprocessing programs are used to analyze results from all simulation methods
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▴ Figure 3. Example of how the BBP component-based architecture is implemented by wrapping scientific codes, such as JbSim and
WCC2BBP, into a Python language component, called GP JbSim. Only Python language components are called with BBP simulation work-
flows, hiding the use of the scientific codes written in other programming languages. BBP components input and output BBP format files (left,
red rectangles; right, teal blue rectangles), but they may use internal file formats (center, green rectangles) to perform their processing.
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high-frequency component, and in the San Diego State Univer-
sity (SDSU) method (Mai et al., 2010), when combined with
the SDSU stochastic high-frequency component.

All BBPmethods produce output seismograms. In some BBP
uses, such as scenario simulations, seismograms are the desired
end product. However, if additional postprocessing is desired,
the BBP provides a set of common postprocessing programs,
and the same postprocessing programs are used regardless of
the ground-motion simulation methods involved. Currently,
the BBP provides common postprocessing components that
can integrate and differentiate time series, components that
can calculate amplitude values such as peak acceleration, spec-
tral acceleration at various periods, and specialized ground-
motion amplitudes such as RotD50.

Several BBP methods make use of random numbers as they
model stochastic processes. Use of random numbers can lead to
difficulty providing reproducible results. To support both the
use of random numbers and reproducible results, the BBP
makes use of numerical seed values defined in input SRC files
to initialize a random number generator used in BBP calcula-
tions. As long as the same numerical seed value is used, the
random number generator used by the BBP will produce
the same sequence of random numbers. Currently within
the platform, numerical seed values are used to (1) randomize
the slip distribution in the rupture generators, (2) seed the scat-
tering wavelets calculation in the SDSU high-frequency compo-
nent, (3) provide random numbers for the GP high-frequency
component, and (4) initialize some aspects of extended finite-
fault simulation (EXSIM) processing. Details of how numerical
seeds values are used are method dependent. From the platform’s
perspective, numerical seed values are used as inputs to methods
to provide both reproducibility of results and variability in re-
sults. If the platform runs a method twice using the same seed
value, the platform produces the same results. If the platform
runs a method twice using different seed values, the platform
produces different results.

BBP DATA PRODUCTS

Users can view the BBP as a software black box that inputs
configuration files, consumes computer-processing time, and
outputs file-based data products. The file-based data products
produced by the BBP vary, depending on the type of simulation
the user performs. When a user runs a BBP simulation, the BBP
assigns a unique simulation ID (or SimID) to the simulation
and creates a data directory using that SimID to organize the
inputs, temporary files, and outputs produced by that simula-
tion. Output data products for a simulation are found in the
output data directory when the simulation run completes.
Organizing results into simulation-specific directories separates
results from different simulations and ensures that results from
one simulation do not overwrite the results from a previous
simulation.

We can categorize output BBP data products into two
types: standard data products and comparison data products.
Standard BBP format output data products can be produced for

both validation and scenario simulations, and some standard
output products are optional and user selectable. Standard
BBP output data products include seismogram files in BBP for-
mat, seismogram plots in PNG format, SRF slip plots, spectral
response plots, and fault and station maps. Comparison data
products are produced when the platform is used in validation
mode. In this case, the platform will produce the standard data
products, as well as data files and plots that compare simulation
results against observed data. Comparison data products in-
clude seismogram comparison plots, goodness-of-fit (GoF) bias
plots, and GMPE comparison plots. Examples of BBP data
products for scenario simulations are shown in Figure 4. Fig-
ure 5 displays BBP data products for validation simulations,
and Figure 6 shows GoF data products that the BBP can pro-
duce for validation simulations. Ⓔ Additional examples of
BBP output data products are available in the electronic supple-
ment to this article.

BROADBAND DISTRIBUTION AND INSTALLATION

SCEC distributes the BBP as a collection of Python language
scripts, C and FORTRAN language source codes, configura-
tion files, GF data files, test cases, and observational data files.
Most of the scientific codes used within the BBP must be com-
piled before the platform can be used. The BBP distribution
separates the Python codes and compiled programs into sep-
arate directories. The platform distribution includes a top-level
makefile that invokes a series of method-specific makefiles that
build all required executable programs when run on a properly
configured Linux system. The target development and runtime
environment for the BBP is a 64-bit Linux computing environ-
ment with GNU and Intel compilers and tools. The BBP plat-
form uses an open-source software policy to provide transparency
into the scientific codes, ensuring that users can review and test
any of the methods or software utilities within the platform.
When SCEC releases a new BBP distribution, users need to re-
trieve the new distribution from the BBP website (http://scec.usc
.edu/scecpedia/Broadband_Platform; last accessed November
2014), install the platform on their Linux computer, configure
the installation properly, build the executables, and test the new
installation before using it for research purposes.

Currently, new releases of the BBP are distributed in multi-
ple separateTAR files that we call “packages.”We have separated
the BBP into multiple packages because the size of all packages
combined exceeds 8 GB and because not every BBP user needs
all the packages. We assign version numbers to SCEC software
using a date-based versioning scheme in aYear.Month.Revision-
Number format. So, BBP v13.6.0 is a version of the BBP software
released in June 2013. BBP v13.6.1 is the first revision of the
v13.6.0 release. Each BBP distribution package (source code
package, velocity model package, and validation package) has
its own separate version number. This allows us to update indi-
vidual packages without having to rerelease the entire set of files
every time a modification is made. The BBP source file package
version number identifies the official BBP version, such as
v13.9.0 or v14.3.0. In some cases, we associate a version of
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▴ Figure 4. Examples of output data products produced by a BBP scenario simulation. Output BBP data products include a map showing
a projection of the fault plane on the surface and the location of stations (top left), a standard rupture format slip plot (top right), and
ground-motion time-series data as velocity (bottom left) and as acceleration (bottom right).
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▴ Figure 5. Examples of output data products produced by a BBP validation simulation. When the BBP is used to simulate well-observed
historical earthquakes, the output BBP data products can include plots showing comparisons between observed and simulated ground-
motion time series and the integral of Arias intensity as a function of time plots for both the simulated and observed seismograms (top).
The BBP can also produce PSA (5% damping) comparison plots that compare ground-motion simulation time-series PSA response against
the pseudospectral response of observed historical earthquake recordings (bottom). The vertical red lines in these plots indicate the
maximum long-period response of the instruments that recorded the observed seismograms.
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▴ Figure 6. Examples of goodness-of-fit (GoF) plots generated by the BBP, comparing ground-motion simulation results against observed
earthquake ground-motion recordings and ground-motion prediction equation (GMPE) models. The BBP can generate GoF by period,
distance, and location and can plot results from the 2008 Next Generation Attenuation (NGA-08) GMPE models (Abrahamson and Silva,
2008; Boore and Atkinson, 2008; Campbell and Bozorgnia, 2008; Chiou and Youngs, 2008) against observed and simulated ground-motion
time series. Bias plots compare the spectral response of the BBP simulations from short-to-long periods (0.01–10 s) against multiple
ground-motion observations (top left) and against NGA-08 GMPE models (top right). Map-based GoF plots (bottom left) and distance-
based GoF plots (bottom right) help evaluate directional amplitude bias at multiple periods.
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the Broadband Platform with a validation and review exercises.
For example, the BBP v13.6.1 release was used in the 2013
SWUS validation exercise, and the BBP v14.3.0 release was used
in the NGA-East validations exercise (Dreger et al., 2014).

The BBP source code package contains the main Broadband
Platform files, including the scientific codes, method-specific
data and configuration files, plotting utilities, and testing codes
used to ensure the Broadband Platform is properly installed and
generating expected results. Along with the source code pack-
ages, users need to install at least one velocity model package.
The BBP v14.3 distribution includes one velocity model package
for each of the supported regions, which currently include the
Los Angeles Basin, Mojave, northern California, western Japan,
central Japan, eastern United States, and eastern Canada. In ad-
dition to the standard BBP format velocity model file defined for
the region, each of these packages includes GFs for the GP (Graves
and Pitarka, 2010) and the UCSB (Schmedes et al., 2010) meth-
ods, region-specific files required by other methods, such as EX-
SIM (Motazedian and Atkinson, 2005; Atkinson et al., 2009) and
composite source model (CSM) (Zeng et al., 1994), and a con-
figuration file that lists all region-specific parameters for each of the
scientific methods. Because velocity model packages are large,
around 1–2 GB each, each region is distributed separately, allowing
users to download and install only the packages they need. BBP
users need to install validation packages only if they want to run
validation simulations. Validation packages contain carefully se-
lected observational data recorded for the earthquake being stud-
ied. Each BBP validation package is distributed separately so users
only need to download the validation events of interest. The full
procedure for installing a BBP distribution is described in the BBP
users manual, available on the SCEC BBP website.

Once the required set of BBP files are installed, the BBP plat-
form uses two types of automated software test suites (unit tests
and acceptance tests) to ensure the platform is working correctly
before is it used in a research calculation. Once the unit test suite
passes, it confirms that the BBP has been installed correctly and
that individual components are producing the same results on
the deployment computer as they produced on the development
systems at SCEC. When the BBP acceptance tests pass, it shows
that, at a minimum, the platform has run one end-to-end earth-
quake simulation using each method, and each method produces
ground-motion amplitudes that match the development system
results within acceptable tolerance established by scientific and
engineering users at the time the code was released.

In general, we recommend researchers use the most recent
public release of the BBP software because the ground-motion
models and computational infrastructure continue to improve
rapidly. In some cases, however, users may want to reproduce
results from versions of the platform that have been reviewed
by an evaluation panel. SCECmaintains an archive of previously
released versions of the BBP platform to support such usage.

RUNNING THE BBP

Once the platform is installed and running correctly, as estab-
lished using the unit tests and acceptance tests, a BBP user can

configure and run a ground-motion simulation through a text-
based interface that presents the user with a series of questions
and creates a BBP workflow based on the user’s responses. Once
created, the user can run the workflow immediately or save
the workflow as an XML file, which can then be used to
run the calculation repeatedly without respecifying the work-
flow. The BBP software is designed to separate the command
line user interface, used to construct the workflow, from the
workflow engine that runs the processing sequence defined
in the XML file. The example command line (below) shows
how a user can run a BBP simulation that will execute the
processing sequence defined in a specific BBP XML workflow
file. $ run_bbp.py -x northpalmsprings-gp-0000.xml

Currently, all the programs in the BBP are single-threaded,
serial programs that run on 64�bit × 86 computers. The plat-
form has been run successfully on computing clusters, such as
the USC high performance computing cluster, using unmodi-
fied XML files. When BBP calculations are run on a computer
cluster, the cluster is treated as a collection of stand-alone Li-
nux computers. Modern computer clusters often have multiple
nodes, the nodes contain multiple processors, and the processors
contain multiple cores. On such a cluster, many BBP simulations
can be run simultaneously, typically one BBP simulation per
core. Use of a cluster can speed up a BBP calculation that in-
volves many simulations, but it does not speed up individual
BBP simulations, because each simulation is implemented as a
serial process.

BBP DEVELOPMENT AREAS AND PLANNED
IMPROVEMENTS

From the software development perspective, close collabora-
tion with scientific and engineering users has greatly improved
the capabilities of the BBP, making the software development
more efficient, and helping to prioritize the software develop-
ment tasks. So, we expect that future BBP development will be
driven by the needs of the emerging BBP user community.
In the following sections, we describe several planned BBP im-
provements based on recent discussions with scientific and en-
gineering groups.

With new ground-motion models under development and
existing models continuing to improve, we expect to integrate
new ground-motion simulation components into the BBP, in-
cluding alternative rupture generators and new ground-motion
simulation methods that perform all processing stages. Compu-
tational methods that include nonlinear site response processing
stages are also under development. We also expect to add addi-
tional validation events into the platform. Adding a new valida-
tion event to the BBP typically involves developing scientific
consensus on how to parameterize the source description,
how to define the 1D velocity model, and how to select
ground-motion observations to be used in GOF evaluations.

Engineering users would like simulation methods within
the BBP to model multi-segment ruptures, which are often
needed to simulate very large earthquakes. Scientists and engi-
neers continue to develop and refine evaluation procedures for
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engineering use of ground motion simulations, so we expect
additional post-processing and GoF methods will be required
in the future. Several existing BBP methods depend on precal-
culated GFs, defined for specific 1D velocity models, and BBP
simulations are currently limited to using these predefined,
provided, 1D models. We plan to remove this limitation by
integrating code into the BBP that can calculate GFs for arbi-
trary 1D models. At some point in the future, the BBP may be
modified so it can make use of 3D low-frequency seismograms,
rather than the current 1D low-frequency seismograms. How-
ever, 3D ground-motion simulations require high-performance
computers (HPC). So, initial BBP support for 3D simulations is
likely to be based on importing externally calculated 3D seis-
mograms rather than on integrating 3D HPC simulation codes
into the platform.

We have identified several software engineering improve-
ments that we believe will improve the BBP user experience.
Anticipated BBP improvements include the following:
• refine and improve the standard BBP data exchange file

formats to improve their usability;
• document the individual components within the platform

so the components are easier to use as stand-alone
programs;

• develop a more flexible interface for constructing work-
flows that improves upon the current command line
interface;

• distribute the platform in ways that make it easier for users
to install and run the BBP in their own computing envi-
ronment;

• help users contribute new methods by clearly defining the
required input parameters and providing example results;

• establish a persistent, searchable, data archive of BBP re-
leases and associated evaluation results; and

• provide researchers with complete descriptions of standard
reference ground-motion simulation problems that can be
used to evaluate new ground-motion simulation methods.

CONCLUSIONS

The SWUS and NGA-E ground-motion simulation evaluation
processes show that the BBP successfully enables nonseismol-
ogists to run multiple, complex simulation methods, using a
specific software version for each code, and to process results
from all methods using a common suite of postprocessing al-
gorithms for the generation of statistics and plots. As a result of
a careful software integration and evaluation process, the BBP
software now allows users to run simulations without detailed
knowledge of how a particular method is implemented, making
it possible for nonscientists and third parties to run ground-
motion simulation models and produce useful results. The
BBP also provides a working implementation of ground-motion
simulation evaluation processes defined by seismologists and
earthquake engineers to qualify ground-motion simulations for
engineering use. By providing these tools and capabilities, the
BBP has developed into a system capable of supporting the sci-
entific and engineering ground-motion simulation evaluation

processes needed to widen engineering use of ground-motion
simulations.
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