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Compact Muan Solenoid - CMS

Total Weigth = 14K tonnes
Overall Diameter = 15m
Overall Length = 28.7m
Magnetic Field = 4T

LHC Temperature =-271.3°C
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2= Fermilab

CERN: Conseil Européen pour la
Recherche Nucléaire

40 Million Collisions per Second
Data Taking Rate 500MB/s

Run 1: Higgs Boson’s spin (zero),
parity (positive), and electric
charge (neutral)

Monte Carlo: Simulated 4.25
billion events in 2011 and 2.22
billion in 2012

2.5PB is transferred per week
between all CMS sites.

120K cores processing events in
parallel

~75PB disk + ~130PB tape

Run 2: 6.5TeV per beam. Brout-
Englert-Higgs mechanism, dark

matter, antimatter and guark-

gluon plasma

Universidad de
los Andes



http://home.web.cern.ch/topics/higgs-boson/origins-brout-englert-higgs-mechanism
http://home.web.cern.ch/about/physics/dark-matter
http://home.web.cern.ch/topics/antimatter
http://home.web.cern.ch/about/updates/2013/01/alice-scrutinizes-proton-lead-run-quark-gluon-plasma

2= Fermilab

Worldwide LHC Computing Grid - WLCG

LHCOPN

Dedicated
Optical

Private
Network
between TO and
all T1 sites

EShet

ENERGY SCIENCES NETWORK

o LHCOPN
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2= Fermilab

CMS Transfer Team

* Maintains large scale data movements between the different centers. ~2.5PB per week

 Work together with the admins of the over 60 computing sites to maintain functional
data transfer services and resources

* Monitor the transfer system, maintain its health and debug transfer problems

GGUS

. CMS
4 Jorge Aberto Diaz Cruz | CMS Transfer Team Z U(r;n;/ersﬁadedse



3¢ Fermilab
PhEDEX — Physics Experiment Data Export

sTake care of large scale data transfers
across the Grid

= TMDB: Transfer Management DataBase.
High availability Oracle database cluster
hosted at CERN

= Agents: Software daemon processes
connect directly to TMDB. Current state to
desired state. : __ -

= Use the File Transfer Service (FTS) A N b Eiiare ii?éoféia/sec |
= Ensure reliable transfers by verifying = =« T
each file after transfer

= Real life monitoring through a web
status display

= Daily in use since 2004

= PhEDEx data service: web service to

acce3ss information (JSON, XML and perl @dashbo::j g - Google arth

Universidad de

. CMS,/1
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2= Fermilab

PhEDEX — Physics Experiment Data Export

‘Web Page | Age

aing passeq

Stage In
Kyuap

Site A Site B

Universidad de
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2= Fermilab

PhEDEX — Physics Experiment Data Export

=TMDB: Blackbord for the
Web Page system state

Stage In
Kyuap

Site A Site B
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Stage In

2= Fermilab

PhEDEX — Physics Experiment Data Export

=TMDB: Blackbord for the
system state

mCAgents at CERN.
FileRouter Agent.
Allocator agent.

Ajuap

Site A Site B

Jorge Aberto Diaz Cruz | CMS Transfer Team
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Stage In
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2= Fermilab

PhEDEX — Physics Experiment Data Export

=TMDB: Blackbord for the
system state

=Central Agents at CERN
FileRouter Agent
Allocator Agent

=| ocal Agents at Sites
FileExport Agent
FileDownload Agent
FileRemove Agent

Universidad de
los Andes




Stage In

2= Fermilab

PhEDEX — Physics Experiment Data Export

10

Jorge Aberto Diaz Cruz | CMS Transfer Team

Ajuap

=TMDB: Blackbord for the
system state

=Central Agents at CERN
FileRouter Agent
Allocator Agent

=| ocal Agents at Sites
FileExport Agent
FileDownload Agent
FileRemove Agent
BlockDownloadVerify
FileStger Agent

=FTS: File Transfer System

Universidad de
los Andes




2= Fermilab

PhEDEX — Physics Experiment Data Export

11

Jorge Aberto Diaz Cruz | CMS Transfer Team

Ajuap

=TMDB: Blackbord for the
system state

=Central Agents at CERN
FileRouter Agent
Allocator Agent

=| ocal Agents at Sites
FileExport Agent
FileDownload Agent
FileRemove Agent
BlockDownloadVerify
FileStger Agent

=FTS: File Transfer System
=\Web Page: User
interaction. Transfer and
Agent Monitoring

Universidad de
los Andes




Stage In

PhEDEX — Physics Experiment Data Export

2= Fermilab

1. Request & Approval
‘Web Page I CentralAgents

aing passeg

Ajuap

Site A Site B

12 Jorge Aberto Diaz Cruz | CMS Transfer Team
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2= Fermilab

PhEDEX — Physics Experiment Data Export

1. Request & Approval

2. Allocator agent
allocates files to
destinations

Web Page

Stage In
Ajuap

Site A Site B

Universidad de
los Andes
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2% Fermilab

PhEDEX — Physics Experiment Data Export

1. Request & Approval

Web Page | Central Agents | 2. Allocator agent

2. AA allocates files to
destinations

3. FileRouter Agent
determines replica

Stage In
Kyuap

Universidad de
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Stage In

2= Fermilab

PhEDEX — Physics Experiment Data Export

1. Request & Approval

2. Allocator agent
allocates files to
destinations

3. FileRouter Agent
determines replica

4. FileDownload Agent
marks file as
“wanted”

Web Page

Ajuap

Site A Site B

Universidad de
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Stage In

2= Fermilab

PhEDEX — Physics Experiment Data Export

16

Web Page Central Agems

ang passeq
YR JOSUR)

=Nl

Transfer

o Management
5. FEA [~ Patabase
Stager

Site A

Jorge Aberto Diaz Cruz | CMS Transfer Team

Ajuap

1.
2.

Request & Approval
Allocator agent
allocates files to
destinations
FileRouter Agent
determines replica
FileDownload Agent
marks file as
“wanted”

FileExport Agent
Initiate staging and
marks file as avilable

Universidad de
los Andes




2= Fermilab

PhEDEX — Physics Experiment Data Export

1. Request & Approval

Web Page | Central Agents | 2. Allocator agent
2. AA allocates files to

% destinations
g 2 3. FR 3. FileRouter Agent
1. R&A £ &

determines replica
4. FileDownload Agent

2 Management marks file as
5. FEA [*%~ o 4 FDA “wanted”
Stager

5. FileExport Agent
Initiate staging and

- < marks file as avilable
o — .
b < 6. FileDownload Agent
2 6. FTS Job g
\ generates a FTS job to
 Transfers griceTe) i transfer the file
Site A Site B
17 Jorge Aberto Diaz Cruz | CMS Transfer Team fgzexﬁﬁ'gg




2= Fermilab

PhEDEX — Physics Experiment Data Export

Web Page | Central Agents | 2.

1. R&

2. AA
3. FR

g paiseg
am|g waun)
w

Stage In

18 Jorge Aberto Diaz Cruz | CMS Transfer Team

1.

Request & Approval
Allocator agent
allocates files to
destinations
FileRouter Agent
determines replica
FileDownload Agent
marks file as
“wanted”

FileExport Agent
Initiate staging and
marks file as avilable
FileDownload Agent
generates a FTS job to
transfer the file
BlockDownloadVerify
verifies size&cksum

Universidad de
los Andes




2= Fermilab

CMS Data Transfers
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mmmm Total Transfer Volume [TB] — Average Transfer Rate [TB/week]
. Universidad de
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PhEDEX Monitoring

20

PhEDEx Web Page interface

CMS PhEDEX - Transfer Volume
26 Weeks from Week 41 of 2015 to Week 15 of 2016

2= Fermilab

5,000 | T T | T |
5,000 = -
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‘l,':q 3.0':”] - —=— :ﬁ |
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Mow 2015 Dec 2015 Jan 2016 Feb 2016 Mar 2016 Apr 2016
Time
M T1_UUS_FNAL_New_Disk ' T1_US_FNAL Disk 1 T1_US_FNAL_Buffer M T2_UUS_Purdue I T2_CH_CERMN
B TO CH_CERN_Export | T2_US Nebraska B T1_IT_CNAF_Disk T1_UK_RAL_Disk o T1_DE_KIT Disk
B T2_Us_Vanderbilt ' TL_RU_JINR_Disk M 12 _us MIT B T1_IT_CMAF_Buffer B 12_US Florida
! T2_IT_Legnaro m T2_US Caltech M T1_FR_CCINZP3_Disk | TL_UK_RAL_Buffer B T2_UK_London_IC
! T2_EE_Estonia B 12 US_Wisconsin T1L_FR_CCINZP3 Buiffer M T2 BE UCL [0 T1_DE_KIT Buffer
! TL_RU_JINR_Buffer M 12_DE_DESY B 11_ES _PIC_Disk B T2_ES CIEMAT T2_IT Pisa
o T2_BR_SPRACE B 12 T Bari | T2_BE_IHE B T2_KR_KNU T2_UK_SGrid_RALPP
B 12" us ucsD T2_FR_IPHC I 121N TIFR B 12_UK_London_Brunel T2_BR_UER)
B 2 CH_CSCS B T2_FR_GRIF_IRFU B T2 FI_HIP ' T2_DE_RWTH 12 E5_IFCA
B 12 FR_GRIF LLR | T2_RU_JINR B 10 CH_CERN Disk | T2_HU Budapest .. plus 38 mare

Maximum: 5,543 TB, Minimum: 283 98 TE, Average: 3252 TE, Current: 2584 96 TB

Jorge Aberto Diaz Cruz | CMS Transfer Team
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2= Fermilab

PhEDEX Monitoring

« PhEDEx Web Page interface

CMS PhEDEX - Transfer Quali
26 Weeks from Week 41 of 2015 to Week 15 of 2016

T1_DE_KIT Buffer
T1_DE KIT Disk
T1_ES _PIC_Buffer
T1_ES PIC_Disk
T1_FR_CCIN2P3_Buffer
T1_FR_CCIN2P3 Disk
T1_IT_CNAF_Buffer
T1_IT_CNAF _Disk
T1_RU JINR_Buffer
T1_RU JINR Disk
T1_UK_RAL Buffer
T1_UK_RAL Disk
T1_US_FNAL Buffer
T1_US_FNAL Disk

T1_US FNAL New Disk

1 1 1 1
Mow 2015 Dec 2015 Jan 2016 Feb 2016 Mar 2016 Apr 2016

Universidad de
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2= Fermilab

PhEDEX Monitoring

« PhEDEx Web Page interface

Infrastructure Agents
FileRouter FileIssue FilePump
FhEDEx Central up up up
Workflow Agents
RequestAllocator BlockAllocator BlockMonitor BlockDelete BlockActivate BlockDeactivate
FhEDEx Central up up up up up up
Support Agents
BlockDownloadVerifyInjector InfoFileSize InfoStatesClean InvariantMonitor PerfMonitor
FPhEDEx Central up up up up up
Site Agents
FileDownload FileExport FileStager FileRemove BlockDownloadVerify Watchdog
TO_CH_CERN_Disk up up up up up
(2/2 agents) (3/3 agents)
TO_CH_CERM_Export up up up up up up
(2/2 agents) (2/2 agents) (2/2 agents)

Universidad de
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PhEDEX Monitoring Example

TRANSFER WATCH
PROCEDURE

CMS PREDEx - Transter Quality

CHECK TRANSFER

QUALITY PLOTS

v

. NO TRANSFER TRANSFERS
. STUCK ARE OK
TRANSFER

l Transfer State Details

CHECK i
TRANSFER r— e

current T1_US_FNAL_Buffer T1_IT_CNAF_Disk

Transfer Priority N Files Size Detail

transferring remote  high 15 40.4 GB (Files)
transferring 15 40.4 GB
All 15 40.4GB

STATE DETAILS o™

FAILING

TRANSFERS

OPENA TICKET TO

THE PROBLEMATIC
SITE

23 Jorge Aberto Diaz Cruz | CMS Transfer Team

CHECK ALL
TRANSFERS FROM
“SOURCE”

CHECK ALL
TRANSFERS TO
“DESTINATION”

CHECK RECENT
ERRORS LOGS

2= Fermilab

s Co N

DESTINATION err: Permission denied,
err: [SE][Mkdir]
[SRM_AUTHORIZATION_FAILURE]

Universidad de
los Andes




2= Fermilab

Storage: Tape vs Disk

Tape Robots:

Very cheap to store large
amounts of data

Slow access

Robot Arm inserts a cartridge
into a tape drive for Reading
or writing

Large Disk Arrays:

Normal Hard Drives

Fast Access

Store Data Temporarily
Software Systems -> Big Hard
Drive

. Chs, e
24 Jorge Aberto Diaz Cruz | CMS Transfer Team Z i’g‘;’ex'r‘:a&'g;



TO — T1 Storage Overview Pledges

TAPE ENDPOINTS = 131.6PB

T1_US_FNAL_MSS, TO_CH_CERN, 44PB,
40PB, 30% 33%

T1_UK_RAL_MSS,
8PB, 6%
T1_DE_KIT_MSS,

T1_RU_JINR_MS5S, 10PB, 8%

3PB, 4% T1_ES_PIC_MSS,
T1_IT_CNAF_MSS, 5.1PB, 4%
12PB, 9%
25 Jorge Aberto Diaz Cruz | CMS Transfer Team

2= Fermilab

DISK ENDPOINTS = 35PB

T2_CH_CERN,
5.4PB, 15%

T1_RU_JINR_Disk,
2.8PB, B

T1_US_FNAL_Disk,
13.2PB, 37%

T1_DE_KIT_Disk,

3.3PB, 9%

T1_ES_PIC_Disk,
1.7PB, 5%

T1_FR_CCIN2P3_Di
sk, 2.5PB, 7%

Universidad de
los Andes



2= Fermilab

Disk - Tape Separation

Old Setup: Procedure:
* One MSS system controlling both Deploy two independent

. (Izzhilseksav?/rciltttgr?eté) tape automaticall endpoints: Tape and DiskConnect
P y new Tierl Disk endpoints to the

« User analysis not allowed at Tierls. ;
(Only for Expert Users) other sites.

. Stage as needed on demand Tape reading/writing becomes a

subscription

inefficient

- Processing always had to happen at  New Setup:
the archiving location (Limiting Increase flexibility for Tier-1
flexibility where to run) processing . Enable user analysis

at Tier-1s. Enable remote access
of Tier-1 Disk data

Jobs can only Access files on disk
endpoints

No automated tape migration

Tape: Data can be accessed only
for reading and writing through
PhEDEX

Universidad de

: Chas, /1
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3¢ Fermilab
Disk - Tape Separation
Started by RAL in April 2013. Completed by FNAL in March 2014
Disk endpoint Storage = 11.215TB

CMS PhEDEX - Cumulative Transfer Volume
52 Weeks from Week 09 of 2013 to Week 09 of 2014
] ] ] ] ] ] ]

T T T T
10,000
8,000 |=
E
5 &o00p
g
=
=
S 4000 f
2,000 |
'] '] & [
Apr2013 May 2013 Jun 2013 Jul 2013  Aug 2013 Sep 2013 Oct 2013 Mov 2013 Dec 2013 Jan 2014 Feb 2014 Mar 2014
Time
M T1_US_FNAL Disk LI T1_IT_CMAF Disk I T1_UK_RAL_Disk W T1_DE_KIT Disk ) T1_FR_CCIN2P3_Disk
B 11 ES PIC Disk I T1_RU JINR_Disk
Tetal: 11,215 T8, Average Rate: 0.00 TB/s
. Universidad de
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File Invalidation

FILE INVALIDATIONS

28

The file has
CORRUPT FILE incorrect size or
cksum

File registered in

MISSING FILE TMDB but does not

exist in storage

Jorge Aberto Diaz Cruz | CMS Transfer Team

RECOVER
HE FILEZ

2% Fermilab

GLOBAL
INVALIDATION

DOES THE FILE
HAVE ANOTHER
REPLICA

file is re-
LOCAL transfered to

INVALIDATION the site
automatically

Universidad de
los Andes




Consistency Check

29

Periodically, Transfer Team runs CCs,
to synchronize TMDB and Storage
(Disk and Tape)

SCC: Storage Consistency Check.
Check if all files in storage are
registered in the database. ‘Orphans’
are removed from storage.

BDV: Block Download Verify. Check if
all files registered in the database can
be accessed (Size & checksum). Files
are locally or globally invalidated.

Round April 2016.
T1 FR_CCIN2P3_MSS. 13 orphan
files deleted. 1 file invalidated locally

Jorge Aberto Diaz Cruz | CMS Transfer Team
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2= Fermilab

Link Commissioning

= To be used in the Production instance of PhEDEX, a data transfer link must
first go through a commissioning procedure in the Debug instance using
the LoadTest infrastructure.

= LoadTest Files 2.5GB
= T1->T2: 20MB/s (680 files in 24h)
= T2 ->T1: 5|\/|B/S (169 flles in 24h)

Running jobs: 233112
= Transfer rate: 11.60 GiB/sec

v:;:g %"3 ‘ TWCE \_\

LSS ALICE

= \‘, f I .
. ‘e of State Geogra ‘ - 00O [C eal’th
@ dashboard o aocgieenrt

. CMS
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https://twiki.cern.ch/twiki/bin/edit/CMSPublic/PhEDEx?topicparent=CMSPublic.CompOpsTransferTeamLinkCommissioning;nowysiwyg=1




LHCOPN

net

TW-ASGC ES-PIC CA-TRIUMF US-T1-BNL US-FNAL-CMS
M-’HE? !-:!31 15 !i‘ﬁi‘sﬁ !;43 AS 3152
" 117.103.96.020 193.109.172.0/24 206.12.1.0124 130.199.185.0/24 131.2252.0024
140.109.96.0/24 2001:67¢:1148:200:/64 206.12.9.0/29 130.199.48.0/23 131.225.160.0/24
140.109.102.0/24 2001:67c:1148:201:/64 206.12.9.6428 130.199.54.0/24 131.225.184.0i22
202.140.160.0/19 2001:67c:1148:202:/64 192.12.15.024 131.225.188.0i22
202.169.168.0/22 2001:67c:1148:301:/64 131.225.204.0i22
2620:6a:0:2 /64

109.105.124.v22
2001:948:40::/42

KR-KISTI RRC-KI-T1
AS17579 Mgaz-i
134.75.125.0124 144.206.224.0i24
144.206.236.0/24
JINR-T1
NDGF

UK-T1-RAL NL-T1 DE-KIT IT-INFN-CNAF FR-CCIN2P3
s L 7 L ..
130.246.176.0/22 145.100.32.0/22 192.108.45.0/24 131.154.128.017 193.48.99.0/24
130.246.152.24028 145.100.17.0/28 192.108.46.0/23 2001:660:5009:9::/64
2001:610:108:3017::/64 2a00:1398:104:/46
AS1104
184.171.96.128/25
10G Nordunet-Surfnet

105G RUNNet

2%1G bocal interconnecion I

— T0-T1 and T1-T1 fraffic = Aiice | =Atlas
s T1-T1 traffic onty J=CMS =LHCb
= = = Motdsployed yet
e (thick) ==10Ghps
s (thin) <10Gbps

p2p prefoc 182.16.166.0024 - 2001:1458:302:48
edoardomarteli@cemn.ch 20 160322



