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Reproducible and reusable science

Data storage

When testing new theories, building on previous : ¥/
data analyses is necessary, but very challenging X [y
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HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.
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Scientific workflows represent the complex flow of data that
N . o through various steps of collection, transformation, and
P =0 2 o ] analysis produces published results.
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https://doi.org/10.1038/533452a
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Declarative HEP analysis workflows

: Workflow input

Workflows

e A workflow is a recipe explaining how to compute results
from the input data i filelist1 filelist2 filelist3 filelist

e \What is needed?

O Input data runpoet1 runpoet3 runpoets
o Code

o Computing environment
o Workflow steps

e Each step can use different container images
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e Steps can be described by means of declarative workflow S A — L ome

languages P -+
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Workflow output
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REANA: reusable analyses

CLI UI

$ reana-client create -w roofit
roofit.S
$ reana-client upload -w roofit
File /code/gendata.C was successfully uploaded. fD /
File /CME{ $ reana-client logs -w roofit N /
$ reana-clid__ workflow engine logs Workflow controller Job controller /
roofit has Y591-93-01 07:59:15,676 | root | MainThread | INFO | Publishing -
$ ”ea"a“he’code/gendata.C(zeeea,"results/data.root")', total steps 2 to MQ . e . | @ /
'W‘i RUN_{021-93-01 07:59:24,803 | root | MainThread | INFO | Publishing g e s N 1 /
roofit 4 |'code/fitdata.C("results/data.root”, "results/plot.png")’, total . !
§ Gaineatin e o RSt pLot:pnes ; 5 / Kubernetes
NAME 2021-93-01 07:59:33,842 | root | MainThread | INFO | : - e B ,REST API
code/gendatdsers/e60e58da-3F12-4c76-bd2a-799d4304876b/work flows /45e75d61 5 . 1 7
code/fitdaty . .
$ reana-clig . . | /
NAME RUN .
roofit 4 |==> Job logs : . | /
¢ reana-clid==> Step: gendata : . v /
results/plot|==> Workflow ID: 45e75d61-e139-424b-a709-37fd4e8e8dfe = . 4
> Compute backend: Kubernetes = .
==> Job ID: reana-run-job-e674c8b1-d275-436e-8582-b6ad66b0170b 5 / myschedd
==> Docker image: reanahub/reana-env-root6:6.18.04 . o
==> Command: mkdir -p results && root -b -q . JOb gl —
‘code/gendata.C(20000, "results/data.root")" . @
. controller
: \
Web UI . N
. A \
reana : I \ sbatch
. \ HTCondor
© roofit 5 finished in 28 secons . | %
: I \
dolep  Cworspxe D Soecasen . [Femp—— | \
. o DD ) e ———“— [§ oy a4 o @ \
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Current solution: Kubernetes API

class KubernetesJobManager(JobManager): Workflow controller Job controller

@JobManager.execution_hook
def execute(self):
"nnExecute a job in Kubernetes."""
backend_job_id = build_unique_component_name("run-job")
self.job = {
"kind": "Job",
"apiVersion": "batch/vi1",
"metadata": {
"name": backend_job_id,
"namespace": REANA_RUNTIME_KUBERNETES_NAMESPACE,

I
"spec": {
"backoffLimit": KubernetesJobManager.MAX_NUM_JOB_RESTARTS,
"autoSelector": True,
"template": {
"metadata": {
"name": backend_job_id,
"labels": {"reana-run-job-workflow-uuid": self.workflow_uuid},
}
REANA job controller uses native Kubernetes Job API and necessitated custom
developments for efficient and fair workflow scheduling.
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New kids on the block?
Kueue: Kubernetes-native batch scheduling system %% m

UD NATIVE

COMPUTING FOUNDATION

| - - x‘ -~ -~ \
- et -~
I— - =~ ~ > N
ResourceFlavor ResourceFlavor ResourceFlavor
nodelabel: standard nodeLabel: highMem nodelLabel: gpu
label: standard label: standard label: highMem label: gpu
Node Node Node Node

- AN VARN N\ )
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Kueue evaluation setup

4 Namespace: REANA R

4 N\ N\
LocalQueue1 LocalQueue?2

[ ClusterQueue 1 @ f ClusterQueue
Workflow J‘ @ @ 'L Job

Borrow from Jobs

@ @ Borrow from WF

./ 00 J

Workflow Few workloads Many workloads Workflow
Shared Resources for WF Long lives Short lives Shared Resources for Jobs
Jobs \\ 7\ - ) Jobs
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Typical evaluation experimen

Context: default
Cluster: reana-summer
User: admin
. . : v0.27.4
apiVersion: batch/vl
kind: Job
metadata: Pods( )[433]
namespace: reana # Job under reana namespace NAME t PF READY RESTARTS STATUS CPU MEM %CPU/R %CPU/L %MEM/R

generateName: sample-job-
annotations:
kueue.x-k8s.1io/queue-name: lgq-jobs # Point to the LocalQueue

spec:

parallelism: 1 # This Job will have 1 replica running at the same time
completions: 1 # This Job requires 1 completion
suspend: true # Set to true to allow Kueue to control the Job when it starts
template:
spec:
containers:
- name: dummy-job
image: gcr.io/k8s-staging-perf-tests/sleep: latest
args: ["5s"] # Sleep for 5 seconds
resources:
requests:

reana-run-batch-39b55ble-58af-412c-8648-6ca455d7be60-gqfdx e 2/2
reana-run-batch-40a4572a-32c9-47fd-abb9-2b32c8a2774c-5mf2j
reana-run-batch-46d81a79-de2f-451b-aa31-139d5cObf55b-4tsw7
reana-run-batch-48cdb861-0e94-4121-83ac-ed2d8b195ff8-rro4l
reana-run-batch-48d67496-1e91-4026-bf5a-3cda7d953650-4pvhr

reana-run-batch-52f5f39¢
reana-run-batch-58a95e65
Y t e 61

reana-run-batch-59d134c4
reana-run-batch-59df1c27

reana-run-batch-63f1983¢c
reana-run-batch-64ded25¢
reana-run-batch-68b1225¢c
reana-run-batch-79df5ac?
reana-run-batch-82cc@5c4

€ t z t 34 \
reana-run-batch-84c70861
reana-run-batch-84d91c6€
reana-run-batch-86d10c1¢

Running 0 0 n/a n/a n/a
n/a n/a n/a
n/a n/a n/a
n/a n/a n/a
n/a n/a n/a

0

2/2 @ Running
2/2 @ Running
2/2 @ Running
2/2 @ Running

Q
Q
Q
0

Node @ All v
v Network 1/O pressure

Network 1/O pressure

400 MB/s

200 MB/s _—,’/_’_’_/—’\_%
0B/s

-200 MB/s ——\w

-400 MB/s

21:00:00 21:00:30 AR H 21:01:30 21:02:00 21:02:30 21:03:00 21:03:30 21:04:00 21:04:30

v Total usage

cpu: “"4m" ) Cluster memory usage Cluster CPU usage (1m avg) Cluster filesystem usage
memory: "150M" ‘ c
L. y reana-run-batch-92b0e898
limits: reana-run-batch-92c630ac
cpu: "Am" reana-run-batch-92f7714c
memory: "150M"

restartPolicy: Never

Used Total Used Total Used Total

22.06 408.00 982.86cie 3.987is

336.50GiB  728.73 GiB
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First results
reana

REANA-Summer-Cluster

O Kueue succeeded on several demo examples for
sl ¢ askedtostart thousands of submissions
pending
1504 ° ﬁangd o
S sl T panne Encountered a few corner cases when submitting
B ! a high number of jobs
N ! » Kueue UUID job allocation issues
.. ||' * Unresponsive when overloaded with 20k jobs
25 |J Error from server (InternalError): error when creating "Workflows/wf-
“ f 999.yaml": Internal error occurred: failed calling webhook
0 L — ""mjob.kb.io": failed to call webhook: Post "https://kueue-webhook-
SP 39 service.kueue-system.svc:443/mutate-batch-vl-job?timeout=10s": dial tcp
«399 N$Q9 10.254.242.140:443: connect: connection refused

Error from server (InternalError): error when creating "Workflows/wf-
9990.yaml": Internal error occurred: failed calling webhook

:2()() |(f| . . ” | 4165 (j ""mjob.kb.io": failed to call webhook: Post "https://kueue-webhook-
Wor OWS runnlng In para el on noaes service.kueue-system.svc:443/mutate-batch-vl-job?timeout=10s": dial tcp

10.254.242.140:443: connect: connection refused
Error from server (InternalError): error when creating "Workflows/wf-

Kueue is promising... but still maturing
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Thank you
Questions?

xavier.tintin@cern.ch

https://www.linkedin.com/in/xavier-tintin/

) @reanahub

=¥1. CERN
1, openlab 10


mailto:xavier.tintin@cern.ch
https://www.linkedin.com/in/xavier-tintin/
https://github.com/reanahub

