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Goals for this presentation

« Why you might want containers

« What containers are

« How to build and run containers on Summit

« Some pitfalls when building and running containers

e Where containers are not useful
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Containers in HPC: Why even bother?

o Containers package your application along with its software
environment

- Removes dependence on host system’s stack
— Finer control over system level libraries also

e For some software, container is the only option
e Potentially easier to port to cloud or other systems*

e Just hand a container image to a new user on your project
— Save time setting up their environment from scratch

*Provided they're the same architecture
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Alphatold?

e alandmark protein folding
application that predicted
protein structures with DL

e Required Bazel, which
hardcoded compiler
paths

e Built with Podman and
Singularity, scaled on
Summit with Dask

o GT + ORNL studying
environmentally relevant
proteomes w/ Alphafold?2
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Deep learning has contributed to major advances in the prediction of protein struc
fundamental problem in structural bioinformatics. With predictions now approachil
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art deep learning models, providing a wealth of new data for systems biology applications. Here we describe
our efforts to efficiently deploy the AlphaFold2 program, for full-proteome structure prediction, at scale on



What are Containerse

Modules
MPI lib CDF lib
[ o
Host
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What are Containerse

Modules Modules
MPI lilo CDF lib MPI lilb CDF lib
|| HDFS HDFS
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MPI lib
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Container Os libs
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What are Containerse
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RUN apt install cdf =
RUN apt install
mpich hdfs

RUN make app
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What are Containerse

Modules
Modules Modules
. . . . MPI lib CDF lib
MPI lib CDF lib MPI lib CDF lib
“ i BLAS
II HDFS 1% | HDF5
3 || CDFlib
CDF lib '
A1 merio
MP! lib ;
! HDF5
nbrs / Contai OS libs
: ; : ontainer
Container O libs ! —
N I 1-! HOST B ./.-/'
Host HOST\\ :/: ' \"\..\__\ P -
= / "\..\_.\ /.‘/./
\"\-\ RUN apfinstall cdf |
S RUN apt install
™~ openblas hdf5
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Terminology

« Container image (or) image — The file or set of files that
encapsulate your application and libraries.

— Equivalent to your binary executable you get from compiling code

« Container — The actual running process on the machine that is
doing the work

— Equivalent to the process that is started when you run your binary
executable

« Docker/Podman/Singularity — names of container software
- These software give you the ability to build images and run containers
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Summit’'s Container Infrastructure

« We use a combination of Podman and Singularity
- Podman to build the image
— Singularity o run it

« We provide a Summit base container image
— Best practice to start with this base image for your builds

« Containers are built and run with no root privileges

— If you encounter any permission related issues during your build, emaill
help@olcf.ornl.gov
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Prerequisites to building

e The storage.conf file

— Necessary for Podman to
build images correctly

e Specifies a location in the
NVMe to store Podman
Image layers

e Podman will throw errors
without it

%OAK RIDGE gg@%lﬁu:ﬁng
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~/.config/containers/storage.conf

[storagel
driver = "overlay"
graphroot = "/tmp/containers/subil"

[storage.options]
additionalimagestores = [

]

[storage.options.overlay]
ignore_chown_errors = "true"
mount_program = "/usr/bin/fuse-
overlayfs"

mountopt = "nodev,metacopy=on"




Prerequisites to building

~/.config/containers/storage.conf

» The storage.conf file [storage]
driver = "overlay"
— Necessary for Podman to graphroot = "/tmp/containers/subil"

build images correctly
[storage.options]

« Specifies a location in the additionatinagestores = |
NVMe to store Podman
imoge Idyers [storage.options.overlay]
ignore_chown_errors = "true"
« Podman will throw errors mount_program = "/usr/bin/fuse-
‘ . overlayfs"
without it mountopt = "nodev,metacopy=on"

[storage.options.thinpool]
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Steps to build your container image

build with Podman
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Dockerfile Podman
image
\/_
export layers
to single tar
file with
l Podman
. : - | Podman
S|rwsg|:JFu]lg|Jr|Ty convert to SIF file with image tar
e Singularity file




Steps to build your container image

Dockerfile

“

\/_

/

Singularity
SIF file

<

build with Podman

Podman
Image

export layers
to single tar
l file with

Podman
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Step 1: Writing your Dockertile

« Defines your container image that you want to build.
« Specifies a base image, and a list of commands that execute
to install packages, compile code, etc

FROM quay.io/centos/centos:stream8
RUN dnf -y install epel-release && \
dnf -y install fakeroot
RUN fakeroot dnf upgrade -y && \
fakeroot dnf update -y
RUN fakeroot dnf install -y wget hostname
ENTRYPOINT ["/bin/bash"]
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Writing your Dockerfile

LEROM quay.io/centos/centos:stream8
RUN dnf -y install epel-release & \

dnf -y install fakeroot
RUN fakeroot dnf upgrade -y && \

fakeroot dnf update -y
RUN fakeroot dnf install -y wget hostname
ENTRYPOINT ["/bin/bash"]
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Writing your Dockerfile

Best suited when starting
from scratch

LEROM quay.io/centos/centos:stream8
RUN dnf -y install epel-release & \

dnf -y install fakeroot
RUN fakeroot dnf upgrade -y && \

fakeroot dnf update -y
RUN fakeroot dnf install -y wget hostname
ENTRYPOINT ["/bin/bash"]
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Writing your Dockerfile

FROM quay.io/centos/centos:stream8
RUN dnf -y install epel-release && \
dnf -y install fakeroot
RUN fakeroot dnf upgrade -y && \
fakeroot dnf update -y
RUN fakeroot dnf install -y wget hostname
ENTRYPOINT ["/bin/bash"]
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Writing your Dockerfile

FROM quay.io/centos/centos:stream8
RUN dnf -y install epel-release && \
dnf -y install fakeroot
RUN fakeroot dnf upgrade -y && \

fakeroot dnf update -y
RUN fakeroot dnf install -y wget hostname
ENTRYPOINT ["/bin/bash"]
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Writing your Dockerfile (if you're using MPI and/or GPUs)

FROM code.ornl.gov:4567/olcfcontainers/olcfbaseimages/mpiimage-

centos—cuda: latest

RUN mkdir /app

COPY mpiexample.c /app

RUN cd /app & mpicc —o mpiexample mpiexample.c

B S

%OAK RIDGE EEEEEEEEEE
LlTY

al Labor:




Writing your Dockerfile (if you're using MPI and/or GPUs)

FROM code.ornl.gov:4567/olcfcontainers/olcfbaseimages/mpiimage-

centos—cuda: latest

RUN mkdir /app

COPY mpiexample.c /app

RUN cd /app & mpicc —o mpiexample mpiexample.c

B S
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Steps 1o build your container image

build with Podman
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Dockerfile Podman
image
\/—
export layers
to single tar
file with
l Podman
. : - | Podman
S|rwsg|:JFu]lg|Jr|Ty convert to SIF file with image tar
e Singularity file




Building your container image with Podman

$ module load gcc/9.1.0

$ podman build -v $MPI_ROOT:$MPI_ROOT —f \

mpiexample.dockerfile -t mpiexample: latest .
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Building your container image with Podman

required for MPI support

$ module load gcc/9.1.0

$ podman build -v $MPI_ROOT:$MPI_ROOT —f \

mpliexample.dockerfile —t mpiexample: latest .
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Building your container image with Podman

Mounts the MPI root directory info the
container during the build process

$ module load gcc/9.1.0

$ podman build|-v $MPI_ROOT:$MPI_ROOT|—f \
mpliexample.dockerfile —t mpiexample: latest .
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Steps to build your container image

build with Podman

)
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Dockerfile Podman
image
\/_
export layers
to single tar
file with
l Podman
. : - | Podman
S|rwsg|:JFu]lg|Jr|Ty convert to SIF file with image tar
e Singularity file




Podman images

« Check that the Podman image has been created

$ podman image ls

REPOSITORY TAG IMAGE ID CREATED SIZE
localhost/mpiexample latest d0OOb64738858 3 hours ago 14.3 GB
code.ornl.gov:4567/olcfcontainers... latest 24fd3853c2f8 9 months ago 14.3 GB
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Podman images

« Check that the Podman image has been created

$ podman image ls

REPOSITORY TAG IMAGE ID CREATED SIZE
localhost/mpiexample latest d0OOb64738858 3 hours ago 14.3 GB
code.ornl.gov:4567/olcfcontainers... latest 24fd3853c2f8 9 months ago 14.3 GB

« Podman images are layered Layer 4 | file A*

. Stored in /tmp/containers Layer3 fle B
Layer2 | file A

» Not accessible from compute nodes | qyer Centos

e Layers not supported on NFS or GPFS
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Steps to build your container image

Dockerfile ouild with Podman Podman
image
\/_
export layers
to single tar -
file with
l Podman
: : -« | Podman
S'HS?FU]L?”W convert to SIF file with Image tar -
e Singularity file
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Convert your Podman image to a tar file

$ podman save -0 mpiexampleimage.tar localhost/mpiexample: latest
$ s

mpiexample.cC
mpiexample.dockerfile
mpiexampleimage.tar
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Convert your Podman image to a tar file

$ podman save -0 mpiexampleimage.tar localhost/mpiexample: latest
$ s

mpiexample.cC
mpiexample.dockerfile
mpiexampleimage.taF]
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Steps to build your container image

build with Podman

Dockerfile Podman
Image
\/_
export layers
to single tar
file with
\ l Podman
. : - | Podman
S|rwsg|:JFu]lg|Jr|Ty convert to SIF file with image tar
e Singularity file



Convert tar file to Singularity sif file

$ singularity build —-—-disable—cache mpiexampleimage.sif \
docker—archive://mpiexampleimage. tar

$ 1s

mpiexample.cC
mpiexample.dockerfile
mpiexampleimage.sif
mpiexampleimage. tar
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Convert tar file to Singularity sif file

e [f you get a message saying ‘Killed’, you probably hit the
cgroup memory limif

e TOo avoid this, start an interactive job and run:

$ jsrun —n1l -c42 -brs singqularity build ——disable-cache \
/gpfs/path/mpiexampleimage.sif \
docker—archive://mpiexampleimage.tar

$ ls /gpfs/path
mpliexampleimage.sif
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Convert tar file to Singularity sif file

e [f you get a message saying ‘Killed’, you probably hit the
cgroup memory limif

e TOo avoid this, start an interactive job and run:

$ jsrun —n1l —-c42 -brs singqularity build ——disable-cache \
/gpfs/path/mpiexampleimage.sif \
docker—archive://mpiexampleimage.tar

$ ls|/gpfs/path
mpiexamp leimage.sif
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Running your containers (With MPI + GPUs)

#BSUB —-P STF0@7

#BSUB -W 0:30

#BSUB —-nnodes 2

#BSUB -J singularity
#BSUB -0 singularity.%J
#BSUB —e singularity.%J

module purge
module load DefApps
module load gcc/9.1.0

source /gpfs/alpine/stf007/world-shared/containers/utils/requiredmpilibs.source

jsrun -n 8 -r4 —gl1 singularity exec \
——nv \
——bind /gpfs/alpine/stf@07/proj—-shared/data:/data, $MPI_ROOT:$MPI_ROOT \
/path/to/mpiexampleimage.sif \
/app/mpiexample

\
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Running your containers (With MPI + GPUs)

#BSUB —-P STF0@7

#BSUB -W 0:30

#BSUB —-nnodes 2

#BSUB -J singularity
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\
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Running your containers (With MPI + GPUs)

#BSUB —-P STF007

#BSUB -W 0:30

#BSUB —-nnodes 2

#BSUB -J singularity
#BSUB -0 singularity.%J]
#BSUB —e singularity.%J]

module purge
module load DefApps
module load gcc/9.1.0

source /gpfs/alpine/stf007/world-shared/containers/utils/requiredmpilibs.source

jsrun -n 8 -r4 —gl1 singularity exec \
——nv \
——bind /gpfs/alpine/stf@07/proj—-shared/data:/data, $MPI_ROOT:$MPI_ROOT \
/path/to/mpiexampleimage.sif
/app/mpiexample

\
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Running your containers (With MPI + GPUs)

#BSUB —-P STF0@7

#BSUB -W 0:30

#BSUB —-nnodes 2

#BSUB -J singularity
#BSUB -0 singularity.%J
#BSUB —e singularity.%J

module purge
module load DefApps
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Running your containers (With MPI + GPUs)

#BSUB —-P STF0@7

#BSUB -W 0:30

#BSUB —-nnodes 2

#BSUB -J singularity
#BSUB -0 singularity.%J
#BSUB —e singularity.%J

module purge
module load DefApps
module load gcc/9.1.0

source /gpfs/alpine/stf007/world-shared/containers/utils/requiredmpilibs.source

jsrun -n 8 -r4 —gl1 singularity exec \
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——bind /gpfs/alpine/stf@07/proj—-shared/data:/data, $MPI_ROOT:$MPI_ROOT \
/path/to/mpiexampleimage.sif
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Running your containers (With MPI + GPUs)

#BSUB —-P STF0@7

#BSUB -W 0:30

#BSUB —-nnodes 2

#BSUB -J singularity
#BSUB -0 singularity.%J
#BSUB —e singularity.%J

module purge
module load DefApps
module load gcc/9.1.0

source /gpfs/alpine/stf007/world-shared/containers/utils/requiredmpilibs.source

jsrun -n 8 -r4 —gl1 singularity exec \
——nv \

—bind /gpfs/alpine/stf@07/proj—shared/data: /datafEIdlalolonmEuI M elo) BN
/path/to/mpiexampleimage.sif
/app/mpiexample

\
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Running your containers (With MPI + GPUs)

#BSUB —-P STF0@7

#BSUB -W 0:30

#BSUB —-nnodes 2

#BSUB -J singularity
#BSUB -0 singularity.%J
#BSUB —e singularity.%J

module purge
module load DefApps
module load gcc/9.1.0

source /gpfs/alpine/stf007/world-shared/containers/utils/requiredmpilibs.source

jsrun -n 8 -r4 —gl1 singularity exec \
——nv \
——bind /gpfs/alpine/stf@07/proj—shared/data: /datafEil ooy el ams{elon)
/path/to/mpiexampleimage.sif
/app/mpiexample

\
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Interlude: Binding MPI libraries

Modules
HDFS CDF lib
MPI lib
\ i
“. bindhost I
"\ libraries into |
» container |
\ |
host MPI | » Network
lib
Hbrs OS libs
Container CDFlib
Host
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Running your containers (With MPI + GPUs)

#BSUB —-P STF0@7

#BSUB -W 0:30

#BSUB —-nnodes 2

#BSUB -J singularity
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module purge
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jsrun -n 8 -r4 —gl1 singularity exec \
——nv \
——bind /gpfs/alpine/stf@07/proj—-shared/data:/data, $MPI_ROOT:$MPI_ROOT \
/path/to/mpiexampleimage.sif

\
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Running your containers (With MPI + GPUs)

#BSUB —-P STF0@7

#BSUB -W 0:30

#BSUB —-nnodes 2

#BSUB -J singularity
#BSUB -0 singularity.%J
#BSUB —e singularity.%J

module purge
module load DefApps
module load gcc/9.1.0
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——nv \
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\
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Gotchas: PowerPC Limitations

e You Will still face limitations because of Summits PowerPC
architecture

 YOU can't just take any old base image from a registry
- many images don’'t support PowerPC.

o A package install that works on your x86 machine may not
work on your Summit container

- Many conda packages only have x86 arch support

- You may have to build something you need from source within the
container with the necessary libraries
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Example: Trying to install RAPIDS

{) rapidsai / rapids 221200 TS
¢ ey O TPEEII s
RAPIDS Suite - Open GPU Data Science conda
%OAK RIDGE | 5t
National Laboratory | FACILITY




Example: Trying to install RAPIDS

{) rapidsai / rapids 221200 TS
4 114199 ) ’ ’ llml::-‘:;::ﬁm
RAPIDS Suite - Open GPU Data Science conda
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Example: Trying to install RAPIDS

(D rapidsai / rapids 221200 linux-64

4 114199 linux-aarch64

RAPIDS Suite - Open GPU Data Science conda

STEP 5: RUN source /conda/etc/profile.d/conda.sh && conda activate && conda install -y -c rapidsai

rapids

Collecting package metadata (current_repodata.json): ...working... done

Solving environment: ...working... failed with initial frozen solve. Retrying with flexible solve.
Collecting package metadata (repodata.json): ...working... done

Solving environment: ...working... failed with initial frozen solve. Retrying with flexible solve.

PackagesNotFoundError: The following packages are not available from current channels:
— rapids
<truncated text>

Error: error building at STEP "RUN source /conda/etc/profile.d/conda.sh && conda activate && conda
install -y —-c rapidsal rapids": error while running runtime: exit status 1
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Example: Trying to install RAPIDS

(D rapidsai / rapids 221200 linux-64

4 114199 linux-aarch64

RAPIDS Suite - Open GPU Data Science conda

STEP 5: RUN source /conda/etc/profile.d/conda.sh && conda activate && conda install -y -c rapidsai

rapids

Collecting package metadata (current_repodata.json): ...working... done

Solving environment: ...working... failed with initial frozen solve. Retrying with flexible solve.
Collecting package metadata (repodata.json): ...working... done

Solving environment: ...working... failed with initial frozen solve. Retrying with flexible solve.

PackagesNotFoundError: The following packages are not available from current channels:
— rapids
<truncated text>

Error: error building at STEP "RUN source /conda/etc/profile.d/conda.sh && conda activate && conda
install -y —-c rapidsai rapids": error while running runtime: exit status 1
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Gotchas: Building Your Image

 Your Podman image layers are stored on the login node NVMe
— This NVMe location isn’t shared between login nodes
— Can get purged on reboots or when filled up, no storage guarantees

e If build in progress — log back in to the same login node to reuse
Podman layers

« Once build is complete — immediately convert it to the
singularity sif file so you can save itin on /ccs or /gpfs
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When are containers on Summit not useful

e You dlready have a well understood workflow for building and
running on Summit

— Don’'t fix what isn't broken!

 YOu need to run software that doesn’t support PowerPC
— Containers won't magically fix that problem

 YOoU need to run the same application in different centers with
no changes

— Can help somewhat, but you might find yourself doing center specific
changes anyway

- e.g. A Summit container image won't run as is on Perlmutter
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IN Summary

« Containers are useful for packaging up applications and their
dependencies

o Useful when building natively is difficult or application requires
using containers

« We use
— Dockertfiles to define our container images
- Podman to build container images
— Singularity to run the containers

e Detailed documentation on docs.olcf.ornl.gov -> Software ->
Containers on Summit

e Write to help@olcf.ornl.gov for additional assistance
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