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/'/ This is not a talk about containers.

This is a talk about one application team’s experience adopting
containers as a delivery mechanism.

The application is ALEGRA, a multiphysics shock-
hydrodynamics code managed by the Computational
Multiphysics Department (1443) at Sandia National Labs, but
the lessons learned may be applicable to other code teams
interested in similarly using containers.




//THE PROBLEM
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‘ALEGRA'’s dependency graph is complex

*Building ALEGRA is not trivial

*Porting ALEGRA to new systems is time consuming and painful
*Recent adoption of Spack helps, but does not eliminate our problems
*Devops team are engineers/physicists who do devops out of necessity
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//A SOLUTION?

Build a stripped down container with ALEGRA

*\WWe have total control of the build environment

*We can build ALEGRA on our desktops and run it on HPC resources
Integrate containers in to our existing Cl processes

*Customers run the same executables that developers and nightly tests run
*We don’t have to port ALEGRA to new systems




//CONTAINERIZED ALEGRA BUILD: OVERVIEW

74 *Write a Docker manifest with instructions to build
/ ALEGRA

‘Build ALEGRA in a container using Docker on laptops
*Push container to GitLab container registry

*Convert Docker container image to Singularity Image
Format (SIF)

*Run container on HPC resources using Singularity
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*Post process simulation results as usual




//CONTAINERIZED ALEGRA BUILD: MULTI-STAGE BUILD

/

FROM ubuntu:20.04 as builder L _ , .
/ In this first build stage, a base image containing

RUN t-get .. Install d 1 tool : :
AP CE i AR SYEIEEr LBe-= compilers, MPI, and other developer tools. Init,

COPY . /usr/src | | the entire ALEGRA application dependency
RUN /usr/src/toolset/bin/nevada install alegra graph is built.

The second FROM instruction starts a new
build stage. The COPY --from=Dbuilder line
copies the 3D ALEGRA executable from the
build stage. All of the developer tools and
intermediate artifacts are left behind.

FROM ubuntu:20.04 as alegra3d
COPY --from=builder /usr/bin/alegra3d /usr/bin/
RUN apt-get .. # Install MPI and BLAS libraries

FROM ubuntu:20.04 as alegrazd Likewise, the third FROM instruction starts a
COPY --from=builder /usr/bin/alegra2d /usr/bin/ new build stage for the 2D ALEGRA executable.
RUN apt-get .. # Install MPI and BLAS libraries



P,/CONTAINERIZED ALEGRA BUILD: BUILD AND RUN
/

Build the container image

/ $ docker build --target alegra2d --tag alegraZ2d-master
$ docker build --target alegra3d --tag alegra3d-master

Post the image to a GitLab registry

$ docker login gitlab.com:1234
$ docker tag alegra2d cee-gitlab.sandia.gov:1234/alegra:alegra2d
$ docker push cee-gitlab.sandia.gov:1234/alegra:alegra2d

Convert to Singularity SIF

$ singularity build --docker-login alegra2d.sif \
docker://cee-gitlab.sandia.gov:1234/alegra:alegra2d

Run ALEGRA using Singularity

$ mpiexec -np 64 singularity exec \

-B "S(pwd)", /projects/alegranevada \
alegra3d.sif alegra3d -a <runid>




//FREQUENTLY ASKED QUESTIONS
/" How big is the container image?
4 — The resultant SIF file is smaller than the standard ALEGRA executable

How do simulation runtimes compare?

— Our initial testing has shown that simulations run with the containerized
ALEGRA can be faster than with natively built executables.

Is it portable?

— Yes, we build the container images on our Apple laptops and
run them on Sandia’s HPC resources.

Whats the catch?

— See next slide...




P,/PODMAN FOR ON-PLATFORM CONTAINER BUILDS
e

/+ Sometimes need to build containers directly on
HPC plathrmS or dedicated SyStemS podman build -t "gitlab.doe.gov/atse/astra: 1.2.4" .

o Laptop may not look like target supercomputer
o Cannot use Docker due to root-level requirements

* Podman (and Buildah) provide rootless container
builds while maintaining user-level permissions

o CLI equivalent to Docker — easy to use!

o User namespaces and shadow-utils = trusted
o Qverlay & FUSE for mounting

> Ongoing collaboration with Red Hat

* Prototyped solution on Astra/Stria

* Rolling out Podman on production build and tes
systems




THERE IS A PERFORMANCE-PORTABILITY CONTINUUM

Portability Performance

How do we strike the right balance?

« Portable container images can be moved from Performant container images can run at near-
one resource deployment to another with ease native performance compared to natively built

licati
« Reproducibility is possible apptications

— Everything (minus kernel) is self-contained
— Traceability is possible via build manuscripts
— No image modifications

Requires targeted builds for custom hardware
— Specialized interconnect optimizations
— Vendor-proprietary software

e Performance can suffer - no optimizations
— Can’t build for AVX512 and run on Haswell
— Unable to leverage latest GPU drivers

Host libraries are mounted into containers
— Load system MPI library (glibc issues!?)
— Match accelerator libs to host driver

Not portable across multiple systems a
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