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Motivation
Modern HPC software packages are rarely self-contained. They depend on a large number of external libraries, and
many spend large fractions of their runtime in external subroutines. Performance portability depends not only on the
effort of application teams, but also on the availability of well-tuned libraries.

At most sites, the burden of maintaining libraries is shared by code teams and facilities. Facilities typically provide
well-tuned default versions, but code teams frequently build with bleeding-edge compilers to achieve high perfor-
mance. For this reason, HPC has no “standard” software stack, unlike other domains where performance is not critical.
Incompatibilities among compilers and software versions force application teams and facility staff to re-build custom
versions of libraries for each new toolchain. Because the number of potential configurations is combinatorial, and
because HPC software is notoriously difficult to port to new machines [3, 7, 8], the tuning effort required to support
and maintain performance-portable libraries outstrips the available manpower at most sites. Software complexity is a
growing obstacle to performance portability for HPC.
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(a) MPC and its dependency libraries.
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(b) Tested nightly build configurations.

Figure 1: Dependencies and configurations of an LLNL
multi-physics code (MPC).

Overview. In this section we describe an LLNL-
developed multi-physics code, hereafter referred to
as MPC. MPC is a radiation-hydrodynamics code.
Production runs use from 1 to millions of cores.
MPC runs on LLNL and LANL machines. These
include Intel Linux clusters, Blue Gene/Q, and Cray
XE6 systems. It is being ported to LANL’s hetero-
geneous Cray XC30 machine, Trinity.

MPC comprises 47 packages, with complex depe-
dencies (Figure 1a). LLNL-developed packages
include 11 physics packages, 4 math/meshing li-
braries, and 8 utility libraries. MPC also requires 23
open source packages, including MPI, BLAS, and
Python. Together, these packages use a diverse set
of languages: C, C++, Fortran, Python and Tcl. In
all, these packages comprise 2-3 million lines of code.

Table 1b shows build configurations that the MPC team tests nightly. The rows and columns show architectures,
compilers, and MPI versions. The code builds in four different code configurations, each with slightly different
dependencies: current (C) and previous (P) production versions, a “lite” version (L) that includes a smaller set of
features, and a development version (D). Some dependencies are needed to fill gaps on particular platforms, such as
Blue Gene/Q, which does not provide a sufficiently recent version of Python. In total, 36 different configurations of
MPC are built and tested, for a total of around 1,500 different package builds.

Challenges. MPC and other LLNL codes are limited by the manpower required to port, build, and tune software for
new systems. Manually building a new configuration of MPC on a new platform has typically required two weeks of
effort. This severely limits the number of configurations tested. Manual processes introduce more opportunities for
error. Configuration issues, library mismatches, and compiler/MPI incompatibilities dominate porting time.

In the desktop and web computing world, package managers simplify the task of managing large software suites. While
there are many OS- and language-specific package managers, tools that handle the complexities of HPC environments
are in their infancy. Tools are desperately needed to manage combinatorial, multi-compiler, multi-platform builds.
This problem will only grow as new programming models, language features, and runtime systems emerge.
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Addressing the Library Portability Challenge
Recently, there has been broader recognition of the software portability problem in HPC, as well as an increased focus
on reproducible, reliable deployment of applications. A new set of package management tools has emerged, each
attempting to ease the burden of combinatorial HPC software builds [1, 2, 4, 5, 6, 7]. All of these tools encode and
archive build “recipes” for different software packages. Once written, the build process can be executed again, so
developers do not repeat past mistakes. Many of the tools also encode the dependency relationships and automatically
install dependencies with each package. Others parameterize builds, allowing the compiler and build options to be
arbitrarily combined. MPC has successfully used the Spack package manager [5] to manage its dependency stack.

Automation. Initially, only Intel/Linux builds of MPC were automated for nightly runs, and builds on other plat-
forms took days or weeks to set up and debug. Only when the team began using Spack to automate builds did running
all 36 configurations shown in Table 1b become a practical, routine task.

Reuse. Many of MPC’s dependency libraries are shared by other codes at LLNL, and other teams could benefit from
the MPC team’s tuning efforts. However, LLNL libraries are managed by different teams, and some are minimally
maintained due to lack of manpower. Contributing patches back to a library’s mainline repository was difficult when
the library maintainers were not available, or when the library team lacked free cycles to test and verify changes.

Using Spack, the MPC team was able to codify changes to libraries, and to automatically test them without imposing
a burden on the library development teams. Each build recipe can be stored in a file and run by others, and developers
can easily improve existing recipes without reimplementing an entire build. The cost of porting each library is only
incurred once. LLNL teams have created an internal repository of shared builds, further easing the porting burden.

Reproducibility. The performance of large programs depends on how they were built. Tuning builds is a labor-
intensive, error-prone process, and part of reproducing the performance of a given run is reproducing its build and
runtime environments. Often, this type of provenance information is lost or discarded when performance experiments
are run. Automating the build process allow these parameters to be saved for later analysis.

Validation and Testing. After automating their build with Spack, the MPC team was not only able to test more
configurations; they were also able to find more bugs. Allowing arbitrary compilers to be swapped into a build enabled
the team to easily test with Clang, which was not yet supported by the code. This revealed many incompatibilities in
MPC and libraries, well before Clang was actually used as a production compiler.

Conclusions and Recommendations
Using a package management tool to automate the build process has significantly benefitted MPC and other code
teams at LLNL. Builds are now reliable, reproducible, and maintainable, and require far less human effort. Teams test
more frequently and in more configurations, leading to greater software robustness. Most importantly, LLNL teams
now use Spack to share library build recipes, avoiding duplication of effort.

Facility Collaboration. Many packages deployed at LLNL are also deployed at other facilities, and many facilities
share similar machines. Currently, efforts to build and tune libraries are largely confined to particular teams and
facilities. Tools like Spack provide a vehicle for inter-site sharing and collaboration on performance portability.

The Spack project is open source and collaborative. At LLNL, Spack is being adopted by MPC, other LLNL code
teams, tool developers, and facilities staff. We have also seen external interest from other DOE facilities and from
other developers on GitHub. We recommend more collaboration among facilities on Spack, Smithy [2], and other
similar tools [6, 7]. Consistent deployment methodologies across facilities will aid long-term performance portability.

Tool Development. Spack and other HPC package management tools are in their infancy, and build problems
will be even more complex on future machines. HPC package managers need more features and better language,
platform, and compiler support for future exascale systems. We recommend funding these projects, as they can save
countless hours of HPC developer time. Without funding for HPC package management tools, effort will continue to
be duplicated across facilities and code teams, and barriers to portability and performance will remain high.
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