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Last 5 years of HTCondor @CERN
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Negotiator happier than ever

Negotiation Cycle Duration

11.7 min

10 min
8.33 min
6.67 min

5§ min

. IML' | ',-g I !MH.I..‘A AT A |
. T AT g
M :M

0s
2018-10 2019-01 2019-04 2019-07 2019-10 2020-01 2020-04 2020-07 2020-10 2021-01 2021-04 2021-07 2021-10 2022-01 2022-04 2022-07 2022-10 2023-01 2023-04 2023-07

NEGOTIATOR == NEGOTIATORZ2-tweetybird03_cern_ch == NEGOTIATORZ2-tweetybird04_cern_ch NEGOTIATORZ2 NEGOTIATORC-tweetybird03_cern_ch NEGOTIATORC-tweetybird04_cern_ch NEGOTIATORC tweetybird03_cern_ch tweetybird04_cern_ch

20 Sept 2023 HTCondor EU Workshop '23




Top level collector same stor

Daemon Duty Cycle
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Continue to be able to scale with LHC requirements

 Most credit has to go to HTCondor devs
» (also CMS global pool!)

 There are other reasons scaling has been easier too

 CERN batch farm has moved from VMs to "lronic” bare metal. Keeps cloud
APIs but with normal bare metal

* From 8/10/12 core VMS (dependent on NUMA arch) to full nodes

* Reduced nodes by 75% IRON IC

hd Evel’ythlng but defrag getS a b|t eaSIeI’ an OpenStack Community Project

 Most Grid pilots are now 8 core

« ALICE now also predominantly mcore
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mcore up, running jobs stable

cluster  cernprod v experiment  ALICE + ATLAS + CMS + LHCB ~
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What is a job at CERN?

« Physicist with a submit file, sending a job via an AP (all our submission is remote...)
« An experiment’s production jobs, sent by “submission framework” via an AP

« ATLAS sending jobs (real jobs) via Grid to CEs

 ALICE/LHCDb sending non-condor pilots via Grid to CEs

« CMS sending glideins via Grid to CEs

A physicist with a metascheduler sending workers via an AP
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Next scale

Three phases on t )0I'S:
| “?&&U

«* AMW - 2nd floor |

T i, | 3 TR )
* 8MW —1stand 2"¢floor
* 12MW ground floor '

Air cooled racks.with hot-aisle
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Adding 2MHS06

+ 2MHS06

1160 nodes

AMD 7543 (EPYC v3)
[more powerful than extant
models so # cpus fewer In
proportion]

cluster
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71K
cernprod. HEPSPEC.meyrin 7 1.43 Mil
cernprod. HEPSPEC.point8 87 Mil
cernprod. HEPSPEC
cernt0.HEPSPEC
rnt0.HEPSPEC.point8

cernt0.HEPSPEC.wigner
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Managing OS heterogeneity

e Even before the Red Hat / CentOS

announcements, managing OS during ooy
R u n W aS g O i n g to b e a C h al I en g e Maintenance Support 2 1 Extended Life Phase i
~5.5 years ~3.5 years '\ (ongoing) |

« cc7 still primary platform, EoL June 2024

 Given timelines skipping 8 and using 9

 Most LHC experiments & grid workflow
uses containers, and pilots support el9  Red Hat strikes a crushing blow against RHEL

now downstreams
L (Some fixes needed especia”y for mU|t|p|e 0 From now on, only CentOS Stream's source code is available to all
Va“ants |n use) A Liam Proven Fri 23Jun 2023 16:30 UTC

« As ever the long tail of ”local” user
submitted jobs is 80% of the effort
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Conditional containerisation of user jobs

JOB_TRANSFORM_AutoWrapSingularity @=end
NAME AutoWrapSingularity
REQUIREMENTS (JobUniverse =?= 5 && isUndefined(SingularityImage) && !isUndefined(Want0S))
EVALSET MappedImage userMap("JobImages", tolLower(My.Want0S))
EVALSET MappedOS userMap("Job0S", tolLower(My.Want0S))

SET SingularityImage (MappedOS =?= Undefined) ? Error : ((TARGET.OpSysAndVer =!= Mapped0S) ?
((MappedImage =!= Undefined) ? MappedImage : Error) : Undefined)

@end
# Submit Requirement: ValidSingularityJob

SUBMIT_REQUIREMENT ValidSingularityJob = isUndefined(toLower(Want0S)) || (!
isUndefined(toLower(Want0S)) && ! isError(SingularityImage) )

SUBMIT_REQUIREMENT ValidSingularityJob REASON = "The requested 0S is not valid. The currently
available operating systems are: el7, el8, el9"
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Conditional containerisation of user jobs

JobImages:
* el7 /cvmfs/unpacked.cern.ch/gitlab-registry.cern.ch/batch-team/containers/plusbatch/el7-full:latest
* el8 /cvmfs/unpacked.cern.ch/gitlab-registry.cern.ch/batch-team/containers/plusbatch/el8-full:latest

* el9 /cvmfs/unpacked.cern.ch/gitlab-registry.cern.ch/batch-team/containers/plusbatch/el9-full:latest

JobOS:
* el7 Cent0S7
* el8 Cent0S8

* @19 AlmalLinux9

20 Sept 2023 HTCondor EU Workshop '23 15




Contalner creation

« “Contract” that the login nodes (LxPlus) have to look the same as the batch workers
« Containers must maintain pkg list / config of changing puppet managed LxPlus

« DUCC to dump container images to /cvmfs/unpacked.cern.ch/

e https://cvmfs.readthedocs.io/en/stable/cpt-ducc.html

* https://gitlab.cern.ch/unpacked/sync

« Kapitan & some puppetdb hackery to create and maintain images via Gitlab-CI
 https://kapitan.dev

 https://gitlab.cern.ch/batch-team/containers/plusbatch
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https://cvmfs.readthedocs.io/en/stable/cpt-ducc.html
https://gitlab.cern.ch/unpacked/sync
https://kapitan.dev/

CVMFS @

CVMFS_REPOSITORIES='alice-nightlies.cern.ch,alice-ocdb.cern.ch,alice.cern.ch,ams.cern.ch,atlas-condb.cern.ch,atlas-
nightlies.cern.ch,atlas-online-nightlies.cern.ch,atlas-pixel-daq.cern.ch,atlas.cern.ch,cms-bril.cern.ch,cms-
ci.cern.ch,cms-ib.cern.ch,cms-opendata-conddb.cern.ch,cms.cern.ch,compass-condb.cern.ch,compass-
mc.cern.ch,compass.cern.ch,geant4.cern.ch,ilc.desy.de,lhcb-
condb.cern.ch,lhcb.cern.ch,lhcbdev.cern.ch,naél.cern.ch,na62.cern.ch,sft-nightlies.cern.ch,sft.cern.ch

« The above is just alist of the CVYMFS mount points that we monitor

Yes, CVMFS, can break, and yet it’s essential to Experiment workflow

» Containers currently making things worse (zombie mounts etc, though el9 should improve things)

We used to very simply monitor to see if there were any broken (monitored) mounts
« Condor cron -> NODE_MOUNTS_CVMFS={true,false}

The more mounts we have this isn’t feasible

* ilc.desy.de being down can’t prevent an EP taking any jobs

Collectd probe: https://github.com/cvmfs/collectd-cvmfs
« Condor cron -> CVMFS_HEALTHY_REPOS=[list of repos]
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https://github.com/cvmfs/collectd-cvmfs

CVMES requirements for jobs

JOB_TRANSFORM_LhcbCvmfs @=end
NAME LhcbCvmfs

REQUIREMENTS (MY.WantBeer =!= True) && (x509UserProxyVoName =?= "lhcb")
COPY Requirements PreCvmfsRequirements

SET Requirements (NODE_MOUNTS _CVMFS || (stringListMember("1lhcb-
condb.cern.ch", CVMFS _HEALTHY_ REPOS) && stringlListMember("lhcbdev.cern.ch",
CVMFS_HEALTHY_REPOS) && stringlListMember("lhcb.cern.ch", CVMFS_HEALTHY_ REPOS) &&
stringlListMember("sft.cern.ch", CVMFS_HEALTHY REPOS) &&
stringlListMember("grid.cern.ch", CVMFS HEALTHY REPOS))) && PreCvmfsRequirements
@end
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Non-x86

« GPUs & ARM both becoming more important

« GPUs
« Still (for our batch farm) fairly niche — though lots of usage for experiments online farms
* Main use cases:
* Interactive (shell & notebook)
« HTC style batch (long simulation + shorter ie cmsbuild)
« GitLab runners
* Kubeflow / ML
« Hard to know how best to manage finite resource
» Shared k8s pool? If so how best to manage flow from HTCondor

 ARM

« Will have ~1.5k cores by end of year. Real world power etc numbers

20 Sept 2023 HTCondor EU Workshop '23 19




Preventing AFS overloads

 Perennial problem of small subset of
users creating AFS overload

RUNDECK o I3
* Yes, shared filesystems are bad (but convenient) Rl
 Manual process to ban bad users e o e e et b o e
 Too slow to react
« AFS admins sad Potow scuicn
A
« Users with SHOME on same server sad , R
« Automation to “fix” the problem
Area nam a
« Still reactive and yes we still need to wean

people off shared filesystems
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Stackstorm & “hot volume” API

« AFSload is known on the file server side, so they publish stats with volume
’badness” score

« 3 levels of “badness” with 3 actions our automation engine (Stackstorm) takes

 |Ivll (slow): Set ceiling to 75% of running jobs for user (condor_userprio $user —setceil N)

« |vI2 (bad): Actively reduce running jobs to under ceiling (using htcondor.JobAction.Vacate)
 IvI3 (horrid): Set ceiling to O, vacate all jobs

* Per user ceiling controls very handy

« Would be useful to have a few more controls — specifically a per user throttle on job starts might be handy

« The pattern where N jobs start in short period and all request same file on network is tricky for any service
« Per-schedd limit is an indirect method to prevent this issue
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Analysis Facilities

Wallclock time for AGC Coffea « Everyone agrees that we need AFs even as
% e  LYXBATCH via Dask there’s less agreement at what they mean
exactly

 We have some of the tools at CERN and
* continue to improve them

« SWAN (notebook service) now with
Jupyterhub extensions -> coffea /
RDataFrame -> Dask -> HTCondor

« Successfully run RDataFrame & Coffea

10° 1 examples for Analysis Grand Challenge

Dask workers
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SWAN / dask-labextension

— r

File Edit View Run Kemel Spark Hadoop Tabs Sattings Help

B dask/dashboard/7609e99e-bdga-4f8" o | B Temminali x i Task Stream x | i Cpu
bash-4.25 ./run.sh Task Stream
o AGGREGATE TIME PER ACTION processes in fileset: ['ttbar', 'single top s chan’, 'single top t chan’, 'single top tW', 'wjets'] - &

-
pacaci A st o ifoacion s syt R
BANDWIDTH WORKERS. {

" "urls"s [root://eoscns. cern.ch//eos/cns/store/test/agc/datasets/merged/TT TuneCUETPEMI 13TeV-powheg-pythiad/1.root, .
LT R histogram ttbar_nominal 4j1b has been created
ST histogram ttbar_nominal 4j2b has been created
histogram ttbar_scaledown 4j1b has been created
COMPUTE TIME PER KEY histogram ttbar_scaledown_4j2b has been created

Scheduler Address: tls://10.100.28.153:32004 » conTention Eii;g::: EEEZ[:%Ei::';;ﬁ}é:ﬁ:ﬁf:: ﬁ[i;iis
Dashboard URL: http://10.100.28.153:8787/status e

SwanHTCondorCluster 1

histogram ttbar ME var 4j2b has been created
EXCEPTIONS. histogram ttbar PS_var 4j1b has been created

N be f C -1 6 N BERFORMANCE METRICS histogram ttbar PS var 4j2b has been created
umber o ores: histogram single top s chan nominal 4j1b has been created
= . chan_nominal 4j2b has been created
Memory 48.00 GiB histogran single top t chan nominal 4lb has been created
GRU UTILIZATION histogran single top t chan nominal 425 has been created

Number of Workers: 16 histagran single.top i noninal 4j3b has been created ) I I —
- I —

GPU MEMORY histogram single_top

histogram single_top_tw_nominal 4j2b has been created
GROUP PROGRESS histogram wjets nominal 4jlb has been created
histogram wjets_nominal 4j2b has been created

<> SHUTDOWN

CEELTCIE preprocessing took 7.05 seconds
[sppapsnnspny

1 | 36% Completed | 6min @.3s]

NPROCESSING

occupaNCY
PROFILE
= 1o 01 2 % 0 05 0
PROFILE SERVER
FHEITERD s Workers x i# Graph x
RMM MEMORY SWan USTT T 106 TUG SUG S8 144U T0TS. 255100 72 1200 430K 64 W 67N
Task Graph
SCHEDULER SYSTEM Swan /1 1 98% 1.0G 30G 307 48011.0G 40M 00 70 115k 421 K 61 Mi 67N
TASK STREAM Swan /1 1 88% 106 30G 336° 9601 1.0G 62M 0.0 63 99 Mi 418K 44 Mi 67N
WORKERS
] - B released
T Swants1 1 B2% 106806 G34C 601 10G 1TMO0 T2 67MI 255K 191K 975 s s . B memory
Swan s/ 1 0% 10G 30G 336° 1920 9968 3581 0.0 T 67Mi 256K 160K 975 H -
WORKERS DISK ] a W processing
Swan tls/1 1 106% 1.0G 3.0G 33.4' 96.01 1007. 18.01 0.0 83 76 Mi 264 K 128K 959 - L W waiting
WORKERS DISK TIMESERIES = H L
Swan /11 $8% 106 30G 337 95019956 3841 0.0 66  71Mi 257K 128K 873 - queued
UL ERE LRI Swan fis/1 1 1029 1007. 30G 328 1920 1007. 00 0.0 53 8KB 12Ki0 307 - - -
LR (TR T ES Swan s/1 1 1079 1.0G 3.0G 335 96011021, 66M 0.0 56 BiCB 10KIi0 308 . H = L
WORKERS NETWORK Swanfis//1 1 1059 10G 30G 33500 1008215100 62 9KB 14ki0 308 = H .
WORKERS NETWORK TIMESERIES Swan ts1 1 1059106 506 336° 96011008, 2081 00 60 SKS SKS 0 307 . 1 . -
ORKERS TRANSFER Y TEs Swants1 1 1049 10G G0G 308196019940 403100 52 2B 141 2MB 2Mi = H - -
Swantsi1 1 1049 10G 306 306796011008, 2791 00 52 16MI 54K 19 M 165 H -
- - a
CLUSTERS C  + NEW name address event_loop_interval - - -
Total (16) 0.3417577854133351 - -
SwanHTCondorCluster 1 . L ]
Schoduler Addrese: fls7/10.100.28,153:32004 SwarbTCondorChster0:0  s//186.184.163.16:10000  0.019986208869984767 s -
Dashboard URL: htp/10.100.28,153:8787)status SwanHTCondorGluster -1 1s7/188.184.163.18:10001 0.019967716124389647 ] - -
Number of Gores: 16 = -
Memory: 48.00 G SwanHTCongorCluster-0-2 s2/188.184.163.18:10002 0.01099022060662842 H 1
: -
Number of Workers: 16 ‘SwanHTGandorCluster-0-3 15:1/188.184.16.18:10003 0.019962285499572754 = = -
< SHUTDOWN SwanHTCondorChster10  USH1BEIE4IEISI000  0.019990239143371562 1 u =
-
-
‘SwanHTCandorCluster-1-1 tls//188.184.163.13:10001 0.04167275627454122 H ™ -
SwanHTCondorCluster-1-2 1s4188.184.163.13:10002 0.019991936683654784
simple 1@ @ Mem: 1.23/800GB Graph
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AF future work

« SWAN /Dask /HTCondor integration works well and is interactive enough when user/
experiment has enough quota

« Stating the obvious, but user / analysis quota is uneven for LHC experiments at CERN
« Most obstacles are not technical (quotas / priorities / preemption)

« Some thought on how to provide interactive buffer (temp overcommit slots? dedicated buffer?)

e How to transition between interactive / dev to batch use case?

* Login to SWAN, use notebook on small dataset, when happy and ready to submit to batch...?
» Currently: interactive services like SWAN timeout.

» Close laptop, go away, ideally should be able to wait for jobs to complete, reconnect to SWAN and get
results — but where should Dask scheduler run?

« We still have a user kinit in aweb console
* Need to do IDTOKEN via SSO authenticated service (htgettoken type mechanism)

20 Sept 2023 HTCondor EU Workshop '23




eeeeeeeee



Docker autowrap only for subset of grid jobs

JOB_ROUTER_ROUTE_Beer @=end

NAME Beer

MaxJobs = 2000

MaxIdleJobs = 1000

TargetUniverse = 5

SET Requirements (BeerMachine =?= True && HasDocker =?= True)

SET BeerJob true

SET WantDocker true

SET CoreSize ©

COPY Cmd orig Cmd

EVALSET Cmd ifThenElse(regexp("~/", orig Cmd), orig Cmd, strcat("./",orig Cmd))

COPY DockerImage orig DockerImage

EVALSET DockerImage ifThenElse(isUndefined(orig DockerImage), "gitlab-registry.cern.ch/batch-
team/cc7-batchwn", orig DockerImage)

REQUIREMENTS (MY.WantBeer =?= True) || (MY.queue =?= "WantBeer") || (MY.queue =?= "beer")

@end
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Potential Future Scenario: Dual Ecosystem s,
e Ramp up Debian support to match Red Hat / AlmaLinux

- Credible exit strategy for multiple risk scenarios
e Long-term project, major effort from multiple parties

- Requires management approval and commitment End of current RHEL contract

© debian

<,» AlmaLinux

& RedHat
Enterprise Linux
LS3
2023 2026 RHEL contract renegotiation

Arne Wiebalck: CERN IT Linux Strategy (GDB 13 Sep 2023)




Sample future rack layouts

~25 kW - No UPS ~10 kW - UPS ~20 kW - UPS
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Fan-wall deliver
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