Storage at Caltech
September 22, 2010
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3 CMS clusters, each running Hadoop for local storage

Tier3-A 15.252 9.2 (60%)

'+120TB pending
*+60TB pending
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Services

Bestman SRM - Gateway mode, shared with FrontierDB

PhEDEX - shared with FrontierDB

Namenode - Metadata Service shared with condor collector/negotiator

Secondary NN - Filesystem checkpoint merges, on dedicated server

54 GridFTP servers
* 4 x 10GbE dedicated
* 8 x 1GbE dedicated
* 42 x 1GbE shared worker nodes

164 datanodes
* 16 dedicated disk servers (including 2 Sun Thumpers)
% 148 shared with worker nodes
* All disks 1TB or larger
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Cluster diagram

Private Subnet Private Subnet

Caltech Tier2 Caltech Tier3
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Cron - Balance datanode block distribution oncelday

IoNH>

Daily Operations - Automated

Cron - Force replication across entire FS oncelday
Cron - Incremental replication across partial FS 3/day
Cron - cmsSync to detect lost files twicelday

Nagios — Wait for alerts
* SNN not processing checkpoints
* Namenode not running
* gridftp services down

Email - Wait for user complaints
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Daily Operations - Manual
Approvel/Reject PhEDEX requests

Reset datanodes
* Our kernels like to panic 2-3 nodes/day, depending on temp

Fix misreplicated blocks (due to datanode resets)

Check storage monitoring pages
* Namenode status page
* SAM test results
* Aggregate WAN traffic
% PhEDEX errors
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Daily Operations - Manual

File Edit ¥iew History

= ov ﬁ I[ﬂ SEREIEREE] hitps:/fcms.hep.caltech.edu/hadoop/

[E Most Visited~ € EVO &\ Eddocs~

Selected or last chronicle

2009_06_26_08:30

[0 The Hadoop Chronicle | =

'@hadaap

EaCaltech T2+

The Hadoop Chronicle | 46 % | Fri Jun.26.2009 08:30

Configured Capacity: 191813069336576 (174.45 TB)

Present Capacity: 1917875065

77536 (174.36 TB)

DFS Remaining: 1027185479560182 (93.42 TB)
DFS Used: 88989052617354 (80.94 TB)

DFS Used%: 46.42%

Path
/store/PhEDEx_LoadTest@7
/store/data

fstore/mc
/storefunmerged
fstorefuser

Path

/storefuser/burt
fstorefuser/chiorbo
J/storefuser/dkcira
/storefuser/dorian
/storefuser/hpi
/storefuser/ligiol
fstorefuser/litvin
fstorefuser/oatramen
/storefuser/ssekmen
Jstorefuser/test
/storefuser/tucker
/storefuser/uscms@377
fstorefuser/uscms@755
fstorefuser/vlitvin
fstorefuserfwart

Total siz
Total dirs: 1765
Total files:
Total blocks (wvalidated):

Minimally replicated blocks:

Over-replicated blocks:
Under-replicated blocks:
Mis-replicated blocks:
Default replication factor
Average block replication:

Corrupt blocks:
Michael Thoma! -
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SizelGB) #Files
667 262
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64551 (Files currently being written: 2)
358503 (avg. block size 188590254 B) (Total open file blocks (not validated): 23)
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Main |
Loy file:
Server | Job PID | userid | User Mame Remote host | Start Date | End Date | Size Rate | # buffers | direction | file
compute-16-6 9134 uscms1264 Wei Li cmsfisl.fnal.yov Tue Sep 21 03:35:36 PM PDT 2010 Tue Sep 21 03:47:05 PM PDT 2010 2736269993 3.79MBfs out MmntMhadoop/store/PhEDEx_LoadTest07/LoadTesi07 Prod Caltech/LoadTest07 _Caltect
compute-10-9 1712 phedex Dorian Kcira cmsfis1.fnal.gov 9 PM PDT 2010 L1} 11 Istore/PhEDEx_LoadTest07/Load Test07_Debug_RU_IHEP/US_Caltechf10/LoadTest07_L
compute-16-10 19812 phedex Dorian Kcira cmsfis1.tal.gov PM PDT 2010 Tue Sep 21 04:03:46 PM PDT 2010 2684354560 1.52ZMB/fs 1M1 in fstorefPhEDEx_LoadTest07/Load TestD7_Debug_PL_Warsaw/US_Caltech/7/LoadTest07_
compute-10-13 3452 phedex Dorian Kcira cmsfisl.fnal.yov Tue Sep 21 03:35:40 PM PDT 2010 Tue Sep 21 03:46:54 PM PDT 2010 2684354560 3.6MB/s 1A in /store/PhEDEx_LoadTest07/LoadTest07_Debug_RU_JIMR/US_Caltechf1Z/LoadTest07_J
compute-10-15 2018 phedex Dorian Kcira cmsfisl.fnal.gov Tue Sep 21 03:35:40 PM PDT 2010 L1} 11 Istore/PhEDEx_LoadTest07/Load Test07_Debug_UK_SGrd_RALPP/US_Caltechf11/Load”
compute-10-15 2026 cmsprod006  siuart wakefield lcgftsDZ .gridpp H.ac.uk  Tue Sep 21 03:35:41 PM PDT 2010 Tue Sep 21 03:57:24 PM PDT 2010 2761391130 Z.0ZMB/fs 11 out Mmnthadoop/store/PhEDEx_LoadTest07/LoadTest07_Prod_Caltech/LoadTest07_Caltect
compute-10-16 5122 phedex Dorian Kcira cmsfisl.fnal.yov Tue Sep 21 03:35:44 PM PDT 2010 Tue Sep 21 03:43:39 PM PDT 2010 2684354560 5.39MBfs 1A in /store/PhEDEx_LoadTest07/LoadTest07_Debug_CH_Beijing/US_Caltechs12/LoadTest07_
compule-10-33 3497 phedex Dorian Kcira cmsfisl.inal.gov Tue Sep 21 03:35:46 PM PDT 2010 L1} 11 IstorefPhEDEx_LoadTesi07/LoadTest07_Debug_IM_TIFR/US_Callech/&/LoadTest07 _IM_
compute-10-12 10925 phedex Dorian Kcira cmsfisl.fnal.gov Tue Sep 21 03:35:55 PM PDT 2010 Tue Sep 21 03:55:50 PM PDT 2010 2684354560 2.14MBfs 1A in /store/PhEDEx_LoadTesi07/LoadTest07 Debug RU PHPIfUS_Caltech/7/LoadTesi07_Ph
compute-16-6 16306 phedex Dorian Kcira cmsfisl.fnal.yov Tue Sep 21 03:36:02 PM PDT 2010 0 1A IstorefPhEDEx_LoadTest07/Load Test07_Debug_IT_Rome/US_Caltechs1 7/LoadTestD7_R
compute-16-9 11271 phedex Dorian Kcira cmsfisl.inal.govy Tue Sep 21 03:36:57 PM PDT 2010 L1} 11 IstorefPhEDEx_LoadTest07/LoadTest07_Debug_RU_SINP/US_Caltech/4/LoadTestD7_SI
compule-16-3 14317  uscms1413  Francesco Pandolfi fis01-sc.cr.cnafinfnit Tue Sep 21 03:40:42 PM PDT 2010 Tue Sep 21 04:00:35 PM PDT 2010 2736560411 2.19MB{s 1A out MmntMhadoop/store/PhEDEx_LoadTest07/LoadTesi07_Prod_Caltech/LoadTest0?_Caltect
compute-10-31 8395 uscms1108 Massimo Biasotto fts03-sc.cr.cnafinfnit  Tue Sep 21 03:41:39 PM PDT 2010 Tue Sep 21 03:45:43 PM PDT 2010 2732349350 10.68MB/s 1A out Mmnt/Mhadoop/store/PhEDEx_LoadTest07/LoadTesi07_Prod_Caltech/LoadTest07_cCaltect
gridftp-11-18 19240 uscms1093 Marco Dias spstrg01 sprace.org.br  Tue Sep 21 03:42:51 PM PDT 2010 Tue Sep 21 03:52:08 PM PDT 2010 2765457002 4.73MBfs 11 out  /mnthadoopsstorefPhEDEX_Load Test07fLoadTesi07_Prod_Caltech/LoadTest07_Caltech
compute-10-31 9200 uscms1093 Marco Dias spstry03.sprace.org.br  Tue Sep 21 03:43:11 PM PDT 2010 Tue Sep 21 03:52:54 PM PDT 2010 2756889671 4.51MBfs 1A out /mnt/hadoop/store/PhEDEx_Load Test07/LoadTest07_Prod_Caltech/LoadTest07_Caltech
gridftp-14-3 22690 phedex Eduardo Azevedo Revoredo cmsfisl.fnal.yov Tue Sep 21 03:48:28 PM PDT 2010 Tue Sep 21 03:52:20 PM PDT 2010 2742659189 11.27MBfs 1A out Mmnthadoop/store/PhEDEx_LoadTest07/LoadTest07_Prod_Caltech/LoadTest07_cCaltect
compute-10-34 18541 uscmsZ014  Aaron Nowack polgrid118.inZp3.fr  Tue Sep 21 03:48:35 PM PDT 2010 L1} 11 Istorefuserfanowackl /mono_skim/full_run/mono_photion_skim_799_1_rGH.root
compute-10-29 6089 uscms0358 .Jon A Bakken cmssrvllb.fnal.yov Tue Sep 21 03:48:37 PM PDT 2010 0 1A Iimntmadoop/store/PhEDEx_LoadTest07/LoadTest07_Prod Caltech/LoadTest07 Caltect
compute-16-5 21836 phedex Eduardo Azevedo Revoredo cmsfisl.fnal.gov Tue Sep 21 03:48:46 PM PDT 2010 Tue Sep 21 03:33:19 PM PDT 2010 2737722083 9.56MBfs 1A out fmnthadoop/store/PhEDEx_LoadTestD7/LoadTest07_Prod_Caltech/LoadTest07_Caltect
compute-16-14 9185 uscms0358 Jon A Bakken cmssrv116.fnal.gov  Tue Sep 21 15 PM PDT 2010 Tue Sep 21 03:52:31 PM PDT 2010 2763569263 34.66MBfs 11 out /fmntMhadoop/store/PhEDEx_LoadTest07/LoadTest07_Prod_Caltech/LoadTest07_Caltect
gridftp-11-13 12176 uscmsZ014  Aaron Mowack polgrid85.inZp3.fr  Tue Sep 21 118 PM PDT 2010 Tue Sep 21 03:59:26 PM PDT 2010 4880007939 9.54MBfs 1A in Istorefuserfanowackl imono_skim/full_run/mono_photon_skim_1093_1_dKS.root
gndftp-11-22 18700  uscms0358  Jon A Bakken cmssrvll16.fnal.yov Tue Sep 21 36 PM PDT 2010 L1} 11 Iimntmhadoop/store/PhEDEX_LoadTest07/Load Test07_Prod_Caltech/LoadTestD7 _Caltect
gridftp-11-23 27896 phedex Dorian Kcira cmsfis1.fnal.gov Tue Sep 21 03:51:52 PM PDT 2010 0 1A Istore/PhEDE=_LoadTest07/LoadTest07_Debuy_UK_London_Brunel/US_Caltech/9/Load]
gridftp-14-2 21314 phedex Dorian Kcira cmsfis1.fnal.gyov Tue Sep 21 :09 PM PDT 2010 0 1A in /store/PhEDEx_LoadTest07/LoadTest07_Debug_UA KIPT/US_Caltechsl /LoadTest07_KII
gnditp-11-23 Z8000 phedex Dorian Kcira cmsfis1.fnal.gov Tue Sep 21 03 9 PM PDT 2010 L1} 11 in fstorefPhEDEx_LoadTesi07/LoadTest07_Debug_UA KIPT/US_Caltechrl fLoadTest07_KII
compule-16-2 14430 phedex Dorian Kcira cmsfis1.fnal.gov Tue Sep 21 03 1 PHM PDT 2010 0 1A in /store/PhEDEx_LoadTest07/LoadTest07_Debug_UA KIPT/US_Caltechl/LoadTest07 _KI
gridftp-14-3 23075 uscmsZ014 Aaron Mowack cabinet-6-6-23.12.ucsd.edu Tue Sep 21 03:53:24 PM PDT 2010 Tue Sep 21 5 PM PDT 2010 5050536738 21.79MBfs 1A in /storefuserfanowackl imono_skim/full_run/mono_photon_skim_1928_1_3BS.root
gridftp-14-2 21472 phedex James R Letts cmsfisl.inal.gov Tue Sep 21 03 7 PM PDT 2010 Tue Sep 21 7 PM PDT 2010 2729735588 2Z23.67MBfs 11 out  fmntmhadoop/storefPhEDEx_LoadTestD7/LoadTest07_Prod_Caltech/LoadTest07_Caltect
compute-10-28 6392 uscms2014 Aaron Nowack polgrid85.inZp3.fr  Tue Sep 21 31 PM PDT 2010 Tue Sep 21 :03 PM PDT 2010 4745325867 13.63MB/s 1A in Istorefuserfanowackl /mono_skim/full_run/mono_photon_skim_1096_1_UWa.root
compute-16-10 3671 cmsprodd06 stuart wakefield Icyfts0Z.gridpp H.ac.uk Tue Sep 21 :56 PM PDT 2010 Tue Sep 21 ;21 PM PDT 2010 27361247564 6.78MBfs 1A out Mmnthadoop/store/PhEDEx_LoadTest07/LoadTest07_Prod_Caltech/LoadTest07_cCaltect
gridftp-14-4 1283 phedex Preston M. Smith dcache-11.rcac.purdue.edu  Tue Sep 21 46 PM PDT 2010 Tue Sep 21 33 PM PDT 2010 2762698031 39.3ZMBfs 11 out /mnthadoopsstorefPhEDEX_Load Test07fLoadTesi07_Prod_Caltech/LoadTest07_Caltech
compute-10-19 27519 phedex Preston M. Smith dcache-09.rcac purdug.edu  Tue Sep 21 :50 PM PDT 2010 Tue Sep 21 :57 PM PDT 2010 2758922597 20.72MB/s 1A out /mntfhadoop/store/PhEDEx_Load Test07/LoadTest07_Prod_Caltech/LoadTest07_Caltech
compute-10-33 24490  uscms0370  zhang xiaomel ccleyftslios.inZp3.fr  Tue Sep 21 52 PM PDT 2010 Tue Sep 21 04:03:19 PM PDT 2010 2763714494 17.93MB/s 1A out fmnthadoop/store/PhEDEx_LoadTest07/LoadTest07_Prod_Caltech/LoadTest07_Caltect
compute-10-33 3786 uscmsz014  Aaron Nowack cahinet-6-6-31.12.ucsd.edu Tue Sep 21 04:04:18 PM PDT 2010 Tue Sep Z1 04:06:26 PM PDT 2010 5368699570 40.0MB/fs 11 in  fstorefuserfanowackl fmono_skim/full_runfmono_photon_skim_2Z088_0_@Zt.root
grdftp-11-22 19339 cmsprod00Z2 Andrea Sciaba vocms36.cem.ch  Tue Sep 21 04:06:25 PM PDT 2010 Tue Sep 21 04:06:26 PM PDT 2010 Nnazz 40.5KBrs 1A in Istorefunmerged/SAMtest SRM/SAM-cit-: oryfcy-utilitestfile-cp-notoken-20°
compute-10-27 13912 cmsprod00Z Andrea Sciaba vocms3d6.cem.ch  Tue Sep 21 04:07:16 PM PDT 2010 Tue Sep 21 04:07:16 PM PDT 2010 Nn4a7z 1A out  fmnt. efunmeryed/SAMS t-se.ultralight.org/cg-utilftestfile-cy
compute-10-21 22413 phedex Dorian Kcira cmsfisl.inal.goy Tue Sep 21 04:07:46 PM PDT 2010 Tue Sep Z1 04:08:35 PM PDT 2010 2684354560 52.24MBIrs 11 in fstorefPhEDEx_LoadTest07/Load TestD7_Debug_US_ForidarU3_Caltechf1361/LoadTestl
gridftp-11-13 12943 phedex Dorian Kcira ftad3pic.es Tue Sep 21 04:07:54 PM PDT 2010 0 46185 Istore/PhEDEx_LoadTest07/Load Test07_Debug_PlC/Caltechf130/LoadTest07_PIC_B2_LI
compute-10-17 133 phedex Dorian Kcira cmsfisl.fnal.gov Tue Sep 21 04:07:33 PM PDT 2010 L1} 11 Istore/PhEDEx_LoadTest07/Load Test07_Debug_US_Horida/US_Caltechf1361/LoadTestl
compute-16-1 18877 phedex Dorian Kcira cmsfisl.fnal.gov Tue Sep 21 04:07:51 PM PDT 2010 Tue Sep 21 04:08:58 PM PDT 2010 2684354560 38.21MBls 1A in /store/PhEDEx_LoadTesi07/LoadTest07 Debug UCSD/Caltech!1180/LoadTest07 UCSD
gridftp-14-3 24013 phedex Dorian Kcira cmsfisl.fnal.yov Tue Sep 21 04:07:51 PM PDT 2010 0 1A Istore/PhEDEx_LoadTest07/Load Test07_Debug_UCSD/Caltech/1180/LoadTest07_UCSD,
gridftp-14-4 1752 phedex Dorian Kcira fis01-sc.crenalinfnit  Tue Sep 21 04:07:54 PM PDT 2010 L1} 3081308 IstorefPhEDEx_LoadTesi07/Load Test07_Debug_IT_CMAF/US_Caltechf122/Load Test07_t
gridfip-11-24 3295 phedex Dorian Kcira fis01-sc.cr.cnafiinfnit  Tue Sep 21 04:07:54 PM PDT 2010 0 a88/277 Istore/PhEDE=_LoadTesi07/LoadTest07 Debug IT CHAF/US_Caltechi122/LoadTest07
compute-10-13 20144 cmsprodd0Z Andrea Sciaba vocms3d6.cem.ch  Tue Sep 21 04:07:55 PM PDT 2010 Tue Sep 21 04:07:55 PM PDT 2010 472 1A in Istorefunmerged/SAMitest it-se ight.orgfcy-utilitestfile-gt-rm-gt-notok
compute-16-1 18945 phedex Dorian Kcira IcgftsDZ.gridpp rl.ac.uk  Tue Sep 21 04:07:56 PM PDT 2010 L1} Fi IstorefPhEDEx_LoadTest07/LoadTest07_Debug_UK_RAL/US_Caltechf38/Load Test07_R/
compute-10-14 29408 phedex Dorian Kcira ftad3.pic.es Tue Sep 21 04:07:57 PM PDT 2010 0 29183 Istore/PhEDEx_LoadTest07/LoadTest07_Debug_PlC/Caltechf129/LoadTest07_PIC_F5_HI
compute-10-15 15356 phedex Dorian Kcira Icyfts0Z.gridpp H.ac.uk  Tue Sep 21 04:07:56 PM PDT 2010 0 Fi IstorefPhEDEx_LoadTest07/Load Test07_Debug_UK_RAL/US_cCaltech/38/Load Test07_R/
compute-16-1 19000 phedex Dorian Kcira cmsfis1.hal.gov Tue Sep 21 04:08:08 PM PDT 2010 L1} 11 in fstorefPhEDEx_LoadTest07/Load TestD7_Debug_UA KIPT/US_Caliechil /LoadTest07_KII
compute-10-11 4967 phedex Dorian Kcira cmsfis1.fhal.gov 0 1A in Istore/PhEDEx_LoadTest07/LoadTest07_Debug UA KIPT/US_ Caltechrl/LoadTest07 KIl
gridftp-11-22 19495 cmsprod00Z Andrea Sciaba vocmsd6.cem.ch Tue Sep 21 04:08:39 PM PDT 2010 472 1A in Istorefunmerged/SAMAest it-se oryfcy-utilitestfile-gt-notoken-201
compute-16-13 28799 phedex Dorian Kcira cmsfis1.al.gov Tue Sep 21 04:09:10 PM PDT 2010 L1} 11 in fstorefPhEDEx_LoadTest07/Load TestD7_Debug_UA KIPT/US_Caliechil/LoadTest07_KII v

I
|aridftp-14-4: [1752] Tue Sep 21 16:03:24 2010 =:

izing buffer number 311.

Michael Thomas
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HTTP + mod_ssl + fuse + gums-client == Secure read-
only browser access for CMS

Xrootd on 12 gridftp servers
Automount of fuse_dfs

Export Tier2 HDFS to Tier3

Michael Thomas OSG Storage workshop September 22 2010
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Storage R&D

Build RPMS and maintain Yum repository for the OSG,
with Abhishek

Maintain koji+mock build system for simplified
package/yum repo management

Working on Hadoop 0.20 stack of packages

Michael Thomas OSG Storage workshop September 22 2010 11



FDT+HDFS+PhEDEX

Development of a HDFS adapter to FDT to buffer and
write non-sequential data to HDFS

Integration of PhEDEX and FDT
Conveniently packaged as RPMs

Deployed at Caltech and Nebraska for Debug transfers

Michael Thomas OSG Storage workshop September 22 2010 12



Future Plans

Add second SRM server (round-robin)
* Upgrade to bestman2

Continue upgrading disks
* Also adding 121TB (raw) from new worker nodes
* 1TB -> 3TB when available

Production deployment of FDT/PhEDEX
Fix those darned fuse_dfs memory leaks!
Better storage accounting (by VO group)

Upgrade to Hadoop 0.20

Michael Thomas OSG Storage workshop September 22 2010
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