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Collaborators

Apologies for the lack of logos!

CMS is a huge collaboration of multiple institutes and
universities all over the world

We wouldn’t have been able to do what we do without
their support and effort!
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HTCondor: CMS Experience

This talk covers an overview of how CMS utilizes
HTCondor in its grid computing infrastructure

So basically...

What is CMS?! What is our use case? —i.e. what are we
trying to solve? What is our solution? —i.e. the CMS global
pool! How well is the solution working?
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HTCondor: CMS Experience

CMS
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HTCondor: CMS Experience

* CMS (Compact Muon Solen0|d) is a particle physics
experiment at CERN LHC

* Millions of protons collide every second at a very high
energy

* CMS detector records collisions which the experiment

deems interesting. These are called “events”
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HTCondor: CMS Experience

. -""h‘ North Area

* CMS keeps billions of such events

* Disentangling what happened in each individual event
takes “minutes of CPU time

Billions of events each needing several {tens, hundreds,
thousands} of minutes = need for high throughput
computing!
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HTCondor: CMS Experience

* CMS runs various different types of workflows (GEN-
SIM, MC-RECO, DATA-RECO, USER Analysis) submitted

* Compared to the last run, the beam energy is almost
double i.e. more collisions, more data to
analyze/process, more jobs

* More jobs also imply the need for more ‘machines’ to
process them
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HTCondor: CMS Experience

* CMS runs various different types of workflows (GEN-
SIM, MC-RECO, DATA-RECO, USER Analysis) submitted

* Compared to the last run, the beam energy is almost
double i.e. more collisions, more data to
analyze/process, more jobs

* More jobs also imply the need for more ‘machines’ to
process them

Enforcing global priorities
Flexible provisioning of resources

Compact | :
Muon (’MS/
Solenoid | A
experiment at | -:’_;
8 CERN’s LHC # T —" |



CMS Global pool

A global queue was formed in 2014 to simplify operations
and enable global prioritization, especially in order to
flexibly use the entire set of resources available to CMS
for any kind of workflow

The submission infrastructure is pilot based and is a
combination of:
* HTCondor

* GlideinWMS (Glidein based Workflow Management
System)
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HTCondor: CMS Experience

Central Manager

{Collector(s) +
Negotiator(s)}

HTCondor

Schedd
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CMS Global pool

* There are two different tenants of the global pool: central
production and user analysis.
* The analysis and central production use cases rely on agents
(ultimately daemons written in python) collecting, building
and submitting jobs
O CRAB3 (CMS Remote Analysis Builder) collects user jobs
and handles job submission, retries, data stage out

O WMAgent (Workflow Management agent) handles
requests from physics groups for simulation or data
reprocessing

* Site whitelists, requested memory, requested number of cores
and required wall time determines where a job gets to run.
Later, a global priority determines who runs first.
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HTCondor: CMS Experience

HTCondor
Schedd

Central Manager

{Collector(s) +
Negotiator(s)}

WMAgent

HTCondor
Schedd
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CMS Global pool - GlideinWMS
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GlideinWMS is a pilot based workflow management system that works on
top on HTCondor . Independent of the underlying batch system of a site,
from the VO perspective glideinWMS constructs a uniform HTCondor pool

— essential for making a global pool.
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HTCondor: CMS Experience

GlideinWMS
Frontend

HTCondor

Schedd Central Manager GlideinWMS
{Collector(s) + Factor
Negotiator(s)} .

WMAgent

HTCondor
Schedd
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HTCondor: CMS Experience

GlideinWMS
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HTCondor: CMS Experience

GlideinWMS
Frontend

HTCondor
Schedd
Central Manager GlideinWMS
f {Collector(s) + Factory
WI\/IAgent / Negotiator(s)}
HTCondor
Schedd
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HTCondor: CMS Experience

GlideinWMS
Frontend

/

HTCondor
Schedd

WMAgent / Negotiator(s)}
HTCondor
Schedd

Central Manager

{Collector(s) + GlideinWMS

Factory
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HTCondor: CMS Experience

GlideinWMS
Frontend

/

HTCondor

Schedd Central Manager

{Collector(s) + GlideinWMS

' ) Factory
WMAgent / Negotiator(s)}

HTCondor
Schedd

Site CE

Glidein Glidein Glidein Glidein
(pilot) (pilot) (ellle]y (pilot)
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HTCondor: CMS Experience

GlideinWMS
Frontend

HTCondor

Central Manager
{Collector(s) +
Negotiator(s)}

GlideinWMS
Factory

HTCondor
Schedd

HTCondor HTCondor HTCondor HTCondor
Startd Startd Startd Startd

Site CE
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HTCondor: CMS Experience
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CMS Global pool

* |n the first stage of matchmaking, glideinWMS frontend
matches jobs to their desired sites and requests the
glideinWMS factory to send glideins (properly
configured condor tar ball)

* The 2" stage of matchmaking is when a job gets
matched to a slot once the condor starts on the worker
node and makes itself available in the pool

* Glidein pulls in the job and then GLExec is used to
switch to central production or analysis user’s
credentials
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CMS Global pool

A
apdashbe Running job Cores
30 Days from 2016-01-29 to 2016-02-29
160.000 | ] T T

140,000

120,000

100,000

S0.000

@000

40,000

A.000

i}
A 16-02-401 A1e-02404 A1e-02-07 A1g-02-10 A16-02-13 M16-02-16 Aig-02-19 Alg-02-22 H1e-02-25 Alg-02-28

W Tl US_FNAL W T2_US_Wisconsin W T2_CH_CERN m T2_DE_DESY M T2_CH_CERM_HLT
W TZ_US_MIT M T0_CH_CERN W T2_US _Caltech B T2_Us_UCSD W T2_US_Purdue
B T2_EE_Estonia M T2_US_Nebraska B T1_IT CMAF B T2_PL_Swierk B T2_DE_RWTH
B T2 FR_GRIF_LLR B TZ_IT Pisa [ T2_US_Florida [ T2_UK_Londaon_IC W T1_DE_KIT
B T2_FR_GRIF_IRFU M T1_FR_CCINZP3 B T2 IT Legnaro [ T2_IT_Bari B T2_UK_London_Brunel
B T1_RU_JINR I T2_CH_CSCS B T2_US_Vanderbilt B TI_UK_RAL MW T2 BE_IHE
W T2 ES_IFCA B T2_ES_CIEMAT B T1_ES_PIC B T2_FR_CCINZP3 B T2_AT Vienna
B T2_US_NotreDame B T2_FR_IPHC B T2 IT Rome W T2 _BE UCL B T2_RU JINR
M T2 BR_SPRACE B T2_UK_SGrid_RALPP B T2_CN_Eeijing I T2_AU_IHEP B T2_HU_Budapest
B T2 US_Colorado [ T2_UE_SGrid_Bristal B T2_KR_ENU B T2_PT_NCG_Liskon ... plus 3% more

Maximum: 158,397 , Minimum: 0.00 , Aversge: 124,992 , Current: 37,285

In the global pool we have successfully been able to ramp up Compact |~

beyond 150k occupied cores Solenoid |

experiment at
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W T1_US_FMAL - 10.94% [167,993)
[0 T2_US_Mebraska - 5.05% (77.431)
[0 T2_Us_Caltech - 4.40% [67.634)
B T1_FR_CCINZP3 - 3.00% (46,087)
B T2_DE_DESY - 2.49% (38,210}

B T2_IT_Legnaro - 2.14% (32 ,821)
E T1_ES_PIC - 1 61% {24,792}

B T2_FR_IPHC - 1.17% (17,929)

B T2_IT_Pisa - 1.01% (15.452)

T T? AR SPRACF -1 95% (14 5471

CMS Global pool

Completed jobs (Sum: 1,535,768)

TO CH CERN - 10.93%

T1 US FNAL - 10.94%

B T0 CH_CERN - 10.93% {167.936) H T2_US Wisconsin - 5.54% (85,135)
| ] T2_US_MIT - 4.75% (72,897) | T2_US_UCSD - 4.45% (68.279)

B T2_US_Purdue - 3.36% (59,.316) B T2_CH_CERM_HLT - 3.45% (53,034)
=5 T2_EE_Eshbonia - 2.76% (42,450) O TL_RU_JIMR - 2.70% {41,479}

B T2_CH_CERM - 2.43% (37,343) B T1_UK_RAL - 2.25% (34,47E)

[ | T2_US_Florida - 2.13% {32,777}) O T2_UE_London_IC - 1.9%% {29,093}
] TL_IT_CHAF - 1.56% (24,022) = T2 _CH_CSCS - 1.30% (21,372)

B T2 BE |IHE - 1.14% (17,558) B T2_US Vanderbilt - 1.03% (15,381)
B TZ_UE_London_Brumel - 0.99% (15.245) = T2_RU_JINR - 3.95% {14,665}

TOTH KR ENLL -0 TR 11T AN nli= 54 mara

Over 1.5 million jobs completed in the last 48 hours
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CMS Global pool

Running jobs
48 Hours from 2016-05-17 02:00 to 2016-05-19 02:21 UTC
| | | | L] L] L]

120,000 T T T T T
100,000
&3,000
1,000
47,000
20,000 —— —
0
05300 3.0 13:00 17 21:00 01:00 05:00 0900 13300 17 21:00 0100
W TL_US FHAL I T2_US_Wisconsin B 0 CH_CERN W T2 US MIT W T2 CH_CERM
W T2 _Us UCsD [0 T2_US_Caltech [ T2_US_Hebraska W T1_FR_CCINZP3 B T2 U5 _MotreDame
B TZ_EE_Estonia B T2_DE_DESY B T2_US_Purdue B 2T Legnaro B TL_UK_RAL
B TL_RU |INR B T2_BE |IHE B TLIT CNAF B T2_CH C5CS O T2_IT _Bari
[ T2_UK_London_IC W T1_DE_KIT [ T2_DE_RWTH 0 T2_IT_Pisa B T2_UK_London_Brunel
W T2_US _Florida M T2_US_Vanderbilt [ T2_UK_SGrid_RALPP B T2 FR_IPHC B TL_ES_PIC
B T2 ES_CIEMAT M T2 BR_SPRACE B T2_CH_CERN_HLT ] T2_RU_JINR B T2 FR_GRIF_LLR
B T2 HU Budapest M T2_UK_SGrid_Bristol M T2_AT Vienna M T2_FR_GRIF_IRFU B T2_US_FMALLPC
W T2 ES IFCA B T2_RU_IHEP B T2_KR_KNU B T2_FR_IPNL B T2_TW _NCU
B T2_PT_NCG_Lisbon B T2 s KIPT B T2_IT_Rome B T2_CN_Esijing ... plus 34 maore

Mawimum: 110,605 , Minimuwm; 91,255 Averape: 99,311, Cwrrent; 104,409

The number of parallel running jobs for the last 48 hours Compact |~ ¢
§u|un“l:::;:: '
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CMS Global pool

CMS Global pool has over 30 schedds connected to it in
total, and over a dozen of them are active at the same
time. The schedds are divided into three different
availability zones for redundancy

Central managers and frontend run in HA mode with
automatic failover

Four factories for redundancy

Infrastructure at CERN and FNAL managed via puppet
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CMS Global pool - HA

GlideinWMS Factory GlideinWMS Factory
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CMS Global pool - Flocking

With tierO being so critical to CMS, we decided to move
tierO operations to its own pool to mitigate risks from any
issues in the global pool.

TierO schedds utilize HTCondor flocking to access tierl
resources via the global pool (and vice versa)

flockin
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CMS Global pool - Prioritization

W LT . T AL L TP I r . L W bt ik LI L L FILINERLTLE
Running jobs 10000 ]
17 Hours f'rom 2015'-02-03 00':00 to 20.'15-02-04 '23:59 UT(;‘
; Total HammerCloud Jobs Last 24h 13,171
Jobs Ran <2h 12,904 l‘
F |
lE % Jobs Ran <2h 98.0%
| 100
U E
. 2
Low prio MC 04 1
C
D--F
5 1
Reprocessmg = 1234567 89 1011121314151617 18 192021222324

Number of hours in schedd queue

8
L

0 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00
L PRI S, e VT

- —— i Srar LI - i Sl i,

Job priority and user priority features provided by
HTCondor utilized to ensure global prioritization

Accounting between central production and user analysis
also managed via HTCondor
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CMS Global pool - Slots

CMS uses both single core static slots and 8 core
partitionable slots. Eventually the idea is to run multi
core pilots everywhere

User analysis is single core

We have been working on dynamic resizing of jobs in
CMS (See Brian’s talk for more details!)

Still need to work on multi core pilot efficiency with
the job mix that we have

Compact |

Muon ( l"'-’{l;/
Eulermd ,x"
experiment at ,J
29 EE’?“-J . LHC &5



CMS Global pool - Monitoring

Various different monitoring pages available to monitor the pool

Hame Machine TotalRunningdoks TotalIldledoks TotalHeldJdoks
cmagwms-submitl.fnal cmegwms-3u 6d4a 2850 1
cmagwms-submit?.fnal cmegwms-3u 7431 2784 1]
cm3srvlli.fnal.gov cma3rvlli. 0 a a
cmasrvzld.fnal.gov cms3rvild. 0 1 a
cmasrv2l7.fnal.gov cma3rvalT. 1] a a
cmssrv2li.fnal.gov cm3srv2lE. 668 122 a
cmssrv2l9.fnal.gov cm3srv2la. 4518 2783 a
cmasrv248.fnal . gov cmasrv24g. 277 a a
crab3-3@submit-4.t2. submit-4.t 7559 1921z 2398
vocms005.cern.ch vocmsl05.c 0 a 1]
crab3-2@vocm30109.ce wvocms0109. 7157 1443 1219
crab3-Tevocm30ll4.ce vocms0ll4. 5715 3267 1235
vocms0230.cern.ch wvocms0230. 1] a a
vocms026.cern.ch vocms2G6.c 0 ] a
voocms0303.cern.ch wvooms0303. 2849 54 i
voems0304.cern.ch vooms0304. 0 a a
voecms0308.cern.ch voocms0308. 0 a 1]
vocms0309.cern.ch vocms0309. 3249 40 15
vocms031l0.cern.ch vocms0310. 0 a a
vocms03ll.cern.ch wvocms031l. 459 25 7
vocms033.cern.ch vocmals3.c 1] a a
crab3-5@vocms059. cer vocms058.c 3las 3645 916
crab3-4@vocms066.cer vocms06a.c 3673 6560 1611
crab3itest-2@vocms095 wocms095.c 12273 11256 3300
crab3itest-3@vocm3096 wvocm30da.o 125492 5409 29492
TotalRunningdobs Totalldledobs TotalHeldJdobs
Total 72748 73594 13694

Hegotiation time ({ideally under 300s3) T1 = 1&f0s

Negotiation time (ideally under 300s) TZ_U35 = 1373
Negotiation time ({ideally under 3003) octher = 181s

Difference between collector total job counts: 72699 (vocms099.cern.ch) - 72727 (cmssrvi2l.fnal.gov) = -28

Frontend Group glidein counts:

~

2 local users Compact
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CMS Global pool - Monitoring

Various different monitoring pages available to monitor the pool

HName

cmagwms-submitl.fnal cmag MainJobs Chart

Found a bug? .
Mach Table Chart Expand

cmagwms-submit?.fnal cmag
cm3srvlli.fnal.gov CcIm33
cmasrvzld.fnal.gov cm33
cmasrv2l7.fnal.gov cCm3s3
cmssrv2li.fnal.gov CIn3 3
cmssrv2l9.fnal.gov CIn3 3
cmasrv248.fnal . gov Cmas
crab3-3@submit-4.t2. subm
vocms005. cern.ch WoCH
crab3-2@vocms01l09.ce wocm
crab3-TEvocms0lld.ce wocm

vocms0230.cern.ch VOCI
vocms026.cern.ch Voo
voocms0303.cern.ch Voo
voems0304.cern.ch VOCm
voecms0308.cern.ch krataniil
vocms0309.cern.ch Voo
vocms031l0.cern.ch Voo
vocms03ll.cern.ch Voo
vocms033.cern.ch VOCI

crab3-5@vocms059. cer wocm
crab3-4@vocms066.cer wocm
crab3test-2@vocm3095 wocm
crab3itest-3@vocm3096 wocm

Tot

Total
Hegotiation time (ideally
Negotiation time ({ideally

Negotiation time (ideally

Difference between collec

Frontend Group glidein cowics.
2 local _users
70254 mein
2223 overflow
8l overflow conservative
6267 tlprod

Alejandro Gomez Espinosa/algom
adinda de wit/adewit

Matteo Cremonesi/mcremone
Devin Nathaniel Taylor /dntayla
Laura Margaret Dodd /unknaown
Robert Schoefbeck/schaoef

Filippo Errico/ferrico

Alexander Maorton /almarton
Prolay Kumar Mal/prolay

MNavid Khandan Rad /nrad
Leonardao Cristella/lecriste

Aaron Goodman Levine funknown
Chia-Ming Kuo/cmkuao

Menglei Sun/msun

Muhammad Wagas / mwagas
Joosep Pata/jpata

Jian Sun/jisun

Devdatta Majumder/devdatta
Devin Mathaniel Taylor/unknown

Mils Faltermann/nfalterm

| ]
]

5 T
0

Jobs per user =Y
10000 20000 30000 40000 50000 60000 70000 80000 50000
Compact |
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CMS Global pool - Monitoring

Various different monitoring pages available to monitor the pool

HName

Mach Table

cmagwma—aubmitl . fnal rmaqr Main Jobs Chart

TS MULTICORE PILOT USAGE OF CPU CORES AT CMS T1s for the last 720 hours

Cm33.

cnzs (QCCUPANCY) (FACTORY STATUS) (FRONT-END)

cm33.

cmssi 1h 6h 12h 24h 1week lmonth

cmas
Ccmaa;
crab.
VOCIL
crab.
crab.
VOCI
VOCIL
VOCIL
VOO
VOCIL
VOCIL
VOCIL
VOCI
VOCI
crab
crab
crab.
crab.

MNumber of cores

Hego
Nego
Nego

Difference between collec

40,000

30,000

20,000

10,000

Found a bug?
Chart ;J Expand’

Frontend Group glidein cowics.

2 local _users
54 main
-
<

70
2223 overilow

-
rs
-
£

All_T1s
= |ldle cores
= Busy cores
ol ATt Y/
AP 4 Mw L 1
i PRSI
o b -y , I\*
#
I!
Feb 5, 2016 Feb 12, 2016 Feb 19, 2016 Feb 26, 2016
Time
Lrevin Mathaniel 1aylor unknown
Mils Faltermann/nfalterm
0 10000 20000 30000 40000 50000 60000 70000 80000 50000
Compact | __ 3
Muon (;.""'JE}
Solenoid
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CMS Global pool - Monitoring

Various different monitoring pages available to monitor the pool

Found a bug?
l—J Expand

Name Mach Table Chart

cmagwma—aubmitl . fnal rmaqr Main Jobs Chart

TS MULTICORE PILOT USAGE OF CPU CORES A

Cm33.

crss (QCCUPANCY) (FACTORY STATUS) (FRONT-E N IE Yo 32110 : LA A 1] =
.:mssﬁ 6h 12h 24h 1week lmonth
Cm33. 80

cmas:
crab.
vocm All_T1s 60
crab.
crab. 40,000
VOO
VO
VO
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Mumber of cores

CMS Global pool - Monitoring

Various different monitoring pages available to monitor the pool

Found a bug?
l—J Expand

Name Mach Table Chart

coagqwma-aukmit] . fnal rmas Main Jobs Chart
ﬁ:gl\rIULTICORE PILOT USAGE OF CPU CORES A
cmsa (QOCCUPANCY) (FACTORY STATUS) (FRONT-E GLEXEC ERRORS BY SITE 0 @ o

Global pool busy and idle cores per type of pilot
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CMS Global pool - Monitoring

HTCondor’s innate ganglia support VERY helpful!

Holland Computing Center Grid > crab-infrastructure > vocms099.cern.ch

Host Overview
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CMS Global pool - Monitoring

But the most comprehensive is cms-gwmsmon (more
details in Justas’ talk from EU HTCondor workshop (*))
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(*) http://slides.com/justasbalcas/monitoring-needs#/
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CMS Global pool - Scalability

OSG scale tests reached 200k parallel running jobs and
have served as our benchmark throughout the last
year or so

We have only been able to reach 150k yet primarily
due to a more chaotic job and resource mix than OSG
tested

Greater number of schedds and difference in
specifications of hardware also a factor

We have found and worked our way around various
bottlenecks since the inception of the global pool
thanks to the awesome (and constant) support
provided by the HTCondor and glideinWMS developers
Regular biweekly meeting Compact [~

Muon CM é,f
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CMS Global pool - Scalability

* HTCondor CCB separation

* Pre-fetching classAds for negotiation

* Dropping redundant startd updates to ease load on the
collector

* Running a multi collector central manager

* Running a multi negotiator central manager

* Extra knobs to control time spent per schedd and per
submitter

and many more..

HTCondor team always available for valuable advise and
suggestions when we hit a wall, iterating with us until

SOIUtiOnS are fOund Compact

Muon Cl l"'-’{l;/
oxpe EuI:n_u;::: ,x" j
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IMPORTANT!

In dire situations, HTCondor manual is your best friend!

Compact
Muon
Solenoid |
experiment at :
40 CERN's LHC #T




Thank you!
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