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Part I: AllEn development status
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Global view

m Databases
m Catalogue + TaskQueue + Admin + Transfers + IS
m MySQL: 1 master + 1 or 2 slaves
m LDAP: 1 master + 2 slaves (push for sync, dns alias)

m 7 central services machines

m Service instances spread among them
m 12 API servers: 10 for job + 2 for users
m ~380 sites — ~55 storages

m AliEn version: v2-19-395

m Code updates
m Packages:httpd, openssl, CAs,JRE, ApMon, cleanup unused
m Fixes for libreadline issues on new releases

AliEn development - Miguel Martinez Pedreira



==
Query caching

m Query analysis — MySQL log
m select... from HOSTS where hostIndex="?
m select... from GROUPS where where Username=? And PG="?
m select... from SITEPROXY where site="?
m select... from INDEXTABLE. ... (table selection)
= O(4000) Hz queries,mostly query cached though
m Global cache + process cache
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+
Query caching

m Query analysis — MySQL log

Command rates on aliendb0O6c.cern.ch
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+ Query caching

Cache statistics
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Zombies + cleanup (resubmit)

m Conlflicting executions found on some jobs

m Job goes to ZOMBIE -> resubmits -> starts to run again-> old
execution comes back after N hours and changesStatus

m Pilots modifying job statuses with proxy instead of token!
m Fixed -> jobid-token sent for change status and traces/procinfo

m SAVING taking speciallylong lately due to SE being full
m Adjusted periods to make transition to ZOMBIE
m 10minfor ASSIGNED, 2h for SAVING, l1hfor other active status
m Sending heartbeat (no trace) between file uploads
m Resubmit

m extra check to cleanup output or booked lins from previous
execution

m killMessage

m ZOMBIESs can come back and keep running if no resubmission
or expiration happened

AliEn development - Miguel Martinez Pedreira



==
Optimizers

m OCDB
m added limits for tarball size/number of files
m ] publication per 10 minutes
m No publication errors/sync lost for many months
m Stratum propagationdelay alerts (also for alice.cern.ch repo) (Dario)

m Splitting
= ERROR_SPLT without error message:fixed problem retrieving
packages info
m Faster quota calculation

m More clear error messages, missing whereis trace

m Moving to JALiEn optimizers
m GuidTable
m Controls G/G_PFN table sizes and creates new ones
m IndexTable

m Controls LFN tables sizes and reports
m Not doing directory creation automatically
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==
CVMES revision matching

m ERROR_Vjobs with “no root/aliroot found” issues or missing
library while running

m JobManager adds minimal CVMFS revision needed to the
requirements of the jobs,based on packages requested by the
jobs -> broker table entry + revision table

m JobAgents check for CVMFS revision and I/O errors

® attr -qg revision /cvmfs/alice.cern.ch

® attr -qg nioerr /cvmfs/alice.cern.ch
m Doesn’t work on NFS mounted setups for now

= Revision sent as parameter to match jobs

Reports to ML in case of errors: revision, errors and cvmfs commands dump
To add Squid tests
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CVMES revision matching

CVMFS WN status
Diagnostic commands

Filter

Site Node Revision Error count Error message Timestamp
Altaria r25-n08-13.ph.liv.ac.uk 2198 1 --revision-- 2198 --nioerr-- 1 --cvmfs stat-- Version: 2.2.0.0 PID: 3654 Uptim: 11:40
Bari wn-1-5-12-a.recas.ba.infn.it 2198 113 --revision-- 2198 --nioerr-- 113 --cvmfs stat-- Version: 2.2.3.0 PID: 5159 Uptim... 10:20
Bari wn-1-5-13-b.recas.ba.infn.it 2198 1109 --revision-- 2198 --nioerr-- 1109 --cvmfs stat-- Version: 2.2.3.0 PID: 5164 Upti... 11:40
Bari wn-1-5-2-a.recas.ba.infn.it 2198 674 --revision-- 2198 --nioerr-- 674 --cvmfs stat-- Version: 2.2.3.0 PID: 4759 Uptim... 11:16
Bari wn-1-5-21-a.recas.ba.infn.it 2198 44 --revision-- 2198 --nioerr-- 44 --cvmfs stat-- Version: 2.2.3.0 PID: 5233 Uptime... 11:41
Bari wn-1-5-26-a.recas.ba.infn.it 2198 1068 --revision-- 2198 --nioerr-- 1068 --cvmfs stat-- Version: 2.2.3.0 PID: 5262 Upti... 10:39
Bari wn-1-5-26-b.recas.ba.infn.it 2198 2631 --revision-- 2198 --nioerr-- 2631 --cvmfs stat-- Version: 2.2.3.0 PID: 5244 Upti... 11:41
Bari wn-1-5-29-b.recas.ba.infn.it 2198 4 --revision-- 2198 --nioerr-- 4 --cvmfs stat-- Version: 2.2.3.0 PID: 5265 Uptim: . 11:42
Bari wn-1-5-9-b.recas.ba.infn.it 2198 1469 --revision-- 2198 --nioerr-- 1469 --cvmfs stat-- Version: 2.2.3.0 PID: 5311 Upti... 11:16
Bari wn-1-6-1-a.recas.ba.infn.it 2198 31 --revision-- 2198 --nioerr-- 31 --cvmfs stat-- Version: 2.3.2.0 PID: 4804 Uptime... 11:43
Bari wn-1-6-10-a.recas.ba.infn.it 2198 920 --revision-- 2198 --nioerr-- 920 --cvmfs stat-- Version: 2.2.3.0 PID: 8982 Uptim... 11:29
Bari wn-1-6-10-b.recas.ba.infn.it 2198 2007 --revision-- 2198 --nioerr-- 2007 --cvmfs stat-- Version: 2.2.3.0 PID: 8981 Upti... 11:43
Bari wn-1-6-11-b.recas.ba.infn.it 2198 16 --revision-- 2198 --nioerr-- 16 --cvmfs stat-- Version: 2.2.3.0 PID: 5317 Uptim 10:44
Bari wn-1-6-15-b.recas.ba.infn.it 2198 10 --revision-- 2198 --nioerr-- 10 --cvmfs stat-- Version: 2.2.3.0 PID: 5360 Uptime.. 11:42
Bari wn-1-6-18-a.recas.ba.infn.it 2198 9912 --revision-- 2198 --nioerr-- 9912 --cvmfs stat-- Version: 2.2.3.0 PID: 5291 Upti... 10:43
Bari wn-1-6-19-a.recas.ba.infn.it 2198 1765 --revision-- 2198 --nioerr-- 1765 --cvmfs stat-- Version: 2.2.3.0 PID: 4912 Upti... 11:00
Bari wn-1-6-20-b.recas.ba.infn.it 2198 1966 --revision-- 2198 --nioerr-- 1966 --cvmfs stat-- Version: 2.2.3.0 PID: 4921 Upti... 11:18
Bari wn-1-6-23-a.recas.ba.infn.it 2198 2140 --revision-- 2198 --nioerr-- 2140 --cvmfs stat-- Version: 2.2.3.0 PID: 4955 Upti... 11:42
Bari wn-1-6-24-b.recas.ba.infn.it 2198 877 --revision-- 2198 --nioerr-- 877 --cvmfs stat-- Version: 2.3.2.0 PID: 4613 Uptim... 10:22
Bari wn-1-6-30-a.recas.ba.infn.it 2198 998 --revision-- 2198 --nioerr-- 998 --cvmfs stat-- Version: 2.2.3.0 PID: 4617 Uptim 11:38
Bari wn-1-6-30-b.recas.ba.infn.it 2198 5 --revision-- 2198 --nioerr-- 5 --cvmfs stat-- Version: 2.3.2.0 PID: 4591 Uptim . 11:28
Bari wn-1-6-31-b.recas.ba.infn.it 2198 1212 --revision-- 2198 --nioerr-- 1212 --cvmfs stat-- Version: 2.2.3.0 PID: 5187 Upti... 11:19
Bari wn-1-6-8-a.recas.ba.infn.it 2198 288 --revision-- 2198 --nioerr-- 288 --cvmfs stat-- Version: 2.3.2.0 PID: 4800 Uptim... 11:42
Bari wn-1-6-9-a.recas.ba.infn.it 2198 81 --revision-- 2198 --nioerr-- 81 --cvmfs stat-- Version: 2.3.2.0 PID: 4759 Uptime... 10:48
Bari wn-infn-3-10-1.recas.ba.infn.it 2198 336 --revision-- 2198 --nioerr-- 336 --cvmfs stat-- Version: 2.3.2.0 PID: 6223 Uptim... 11:43
Bari wn-infn-3-10-10.recas.ba.infn.it 2198 266 --revision-- 2198 --nioerr-- 266 --cvmfs stat-- Version: 2.1.20.0 PID: 6155 Upti... 11:43
Bari wn-infn-3-10-11.recas.ba.infn.it 2198 1287 --revision-- 2198 --nioerr-- 1287 --cvmfs stat-- Version: 2.1.20.0 PID: 6159 Upt... 11:00
Bari wn-infn-3-10-12.recas.ba.infn.it 2198 539 --revision-- 2198 --nioerr-- 539 --cvmfs stat-- Version: 2.1.20.0 PID: 10389 Upt... 10:44
Bari whn-infn-3-10-13.recas.ba.infn.it 2198 677 --revision-- 2198 --nioerr-- 677 --cvmfs stat-- Version: 2.1.20.0 PID: 6165 Upti... 11:38
Bari wn-infn-3-10-14.recas.ba.infn.it 2198 529 --revision-- 2198 --nioerr-- 529 --cvmfs stat-- Version: 2.1.20.0 PID: 6162 Upti... 11:43
Bari wn-infn-3-10-2.recas.ba.infn.it 2198 100 --revision-- 2198 --nioerr-- 100 --cvmfs stat-- Version: 2.3.2.0 PID: 6220 Uptim... 11:44
Bari wn-infn-3-10-3.recas.ba.infn.it 2198 1804 --revision-- 2198 --nioerr-- 1804 --cvmfs stat-- Version: 2.3.2.0 PID: 6184 Upti... 11:44
Bari wn-infn-3-10-4.recas.ba.infn.it 2198 2587 --revision-- 2198 --nioerr-- 2587 --cvmfs stat-- Version: 2.3.2.0 PID: 6188 Upti... 11:42
Bari wn-infn-3-10-6.recas.ba.infn.it 2198 744 --revision-- 2198 --nioerr-- 744 --cvmfs stat-- Version: 2.1.20.0 PID: 6169 Upti... 09:45
Bari wn-infn-3-10-7.recas.ba.infn.it 2198 2166 --revision-- 2198 --nioerr-- 2166 --cvmfs stat-- Version: 2.1.20.0 PID: 6155 Upt... 10:43
Bari wn-infn-3-5-37.recas.ba.infn.it 2198 4774 --revision-- 2198 --nioerr-- 4774 --cvmfs stat-- Version: 2.3.2.0 PID: 6650 Upti... 11:43
Bari wn-recas-alice-3-5-26.recas.ba.infn.it 2198 465 --revision-- 2198 --nioerr-- 465 --cvmfs stat-- Version: 2.2.3.0 PID: 12385 Upti... 11:42
Bari whn-recas-infn-23.recas.ba.infn.it 2198 2942 --revision-- 2198 --nioerr-- 2942 --cvmfs stat-- Version: 2.1.20.0 PID: 6368 Upt... 11:24
Bari wn-recas-infn-32.recas.ba.infn.it 2198 258 --revision-- 2198 --nioerr-- 258 --cvmfs stat-- Version: 2.1.20.0 PID: 6369 Upti... 10:11
Bari wn-recas-infn-37.recas.ba.infn.it 2198 2678 --revision-- 2198 --nioerr-- 2678 --cvmfs stat-- Version: 2.1.20.0 PID: 6812 Upt... 11:35
Bari wn-recas-uniba-77.recas.ba.infn.it 2198 4279 --revision-- 2198 --nioerr-- 4279 --cvmfs stat-- Version: 2.1.20.0 PID: 6506 Upt... 10:03
CERN-CORONA b62875a8ea.cern.ch 2198 2 --revision-- 2198 --nioerr-- 2 --cvmfs stat-- Version: 2.3.5.0 PID: 1954236 Upti... 10:21
CERN-CORONA b6bea3d874.cern.ch 2198 12 --revision-- 2198 --nioerr-- 12 --cvmfs stat-- Version: 2.3.5.0 PID: 3667047 Upt... 10:14
CERN-CORONA b6ee12d306.cern.ch 2198 2 --revision-- 2198 --nioerr-- 2 --cvmfs stat-- Version: 2.3.5.0 PID: 2618079 Upti... 11:14
CERN-MIRAGE b6bea3d874.cern.ch 2198 12 --revision-- 2198 --nioerr-- 12 --cvmfs stat-- Version: 2.3.5.0 PID: 3667047 Upt... 10:14
CERN-MIRAGE b6ee12d306.cern.ch 2198 2 --revision-- 2198 --nioerr-- 2 --cvmfs stat-- Version: 2.3.5.0 PID: 2618079 Upti... 11:42
CERN-SIRIUS b62875a8ea.cern.ch 2198 2 --revision-- 2198 --nioerr-- 2 --cvmfs stat-- Version: 2.3.5.0 PID: 1954236 Upti... 11:03
CERN_HLTDEV plancton-cn16-bfuzqd.internal 2198 1 --revision-- 2198 --nioerr-- 1 --cvmfs stat-- --cvmfs config-- --cvmfs probe--... 10:14
CERN_HLTDEV plancton-cn16-h45p8u.internal 2198 1 --revision-- 2198 --nioerr-- 1 --cvmfs stat-- --cvmfs config-- 10:19
CERN_HLTDEV plancton-cn26-le5Sefd.internal 2198 1 --revision-- 2198 --nioerr-- 1 --cvmfs stat-- --cvmfs config 11:44
CERN_HLTDEV plancton-cn27-b9ounp.internal 2198 1 --revision-- 2198 --nioerr-- 1 --cvmfs stat-- --cvmfs config-- 11:23
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CVMES revision matching

Mon Apr 24 16:01:58 CEST 2017

wn-1-5-14-a.recas.ba.infn.it

SERVICE STATUS: 11301/0 errors detected;

offline (http://cvmfs-stratum-one.cern.ch/cvmifs/alice.cern.ch via http://90.147.169.204:3128);
offline (http://cvmfs-stratum-one.cern.ch/cvmifs/alice.cern.ch via http://pccms26.ba.infn.it:3128);
offline (http://cvmis-stratum-one.cern.ch/cvmis/alice.cern.ch viahttp://cofin2003.ba.infn.it:3128);
offline (http://cernvmis.gridpp.rl.ac.uk/cvmis/alice.cern.ch viahttp://90.147.169.204:3128);

offline (http://cernvmis.gridpp.rl.ac.uk/cvmfs/alice.cern.ch via http://pccms26.ba.infn.it:3128);
offline (http://cernvmis.gridpp.rl.ac.uk/cvmis/alice.cern.ch via http://cofin2003.ba.infn.it:3128);
offline (http://cvmis.racf.bnl.gov/cvmis/alice.cern.ch viahttp://90.147.169.204:3128);

offline (http://cvmis.racf.bnl.gov/cvmfs/alice.cern.ch via http://pccms26.ba.infn.it:3128);

offline (http://cvmis.racf.bnl.gov/cvmis/alice.cern.ch via http://cofin2003.ba.infn.it:3128);

offline (http://cvmis.fnal.gov/cvmis/alice.cern.ch via http://90.147.169.204:3128);

offline (http://cvmis.fnal.gov/cvmis/alice.cern.ch via http://pccms26.ba.infn.it:3128);

offline (http://cvmfs.fnal.gov/cvmis/alice.cern.ch via http://cofin2003.ba.inin.it:3128);

offline (http://cvmis02.grid.sinica.edu.tw/cvmfs/alice.cern.ch via http://ss-01.recas.ba.infn.it:3128);
offline (http://cvmifs02.grid.sinica.edu.tw/cvmis/alice.cern.ch via http://ss-02.recas.ba.infn.it:3128);
offline (http://cvmis02.grid.sinica.edu.tw/cvmfs/alice.cern.ch via http://ss-03.recas.ba.infn.it:3128);
offline (http://cvmifs02.grid.sinica.edu.tw/cvmis/alice.cern.ch viahttp://90.147.169.204:3128);
offline (http://cvmis02.grid.sinica.edu.tw/cvmfs/alice.cern.ch via http://pccms26.ba.infn.it:3128);
offline (http://cvmis02.grid.sinica.edu.tw/cvmis/alice.cern.ch via http://cofin2003.ba.infn.it:3128);
repository revision 2189

Mon Apr 24 16:03:52 CEST 2017
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More fixes/updates

m JobAgent
m Catalogue connection:reuse and/or retry
m avoid ERROR SV
m Fix proclnfo information (i.e.processlonger than 24h or forks)

m proclnfo headersin the trace
= JOBLIMIT

m Util: process cache tunable time to live
m top —node <hostname>
m Fix "get’ for zip members on SEs with non standard savedir

m File Quota optimized (queries)
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More fixes/updates

m Batch interfaces (Pavlo)

m ARC: system command timeouts (information retrieval),
commands and files used cleanups

m HTCONDOR, OCCI: new interfaces
m CE config now also allows to block users to run
m moveDirectory: -d option, skip delete
m xrdstat output dump + PFN url when failed

m Parse domains correctly everywhere (‘. at the end)
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==
Traceability tests

m Traceability/Isolation WG looking for pilot-pilot and pilot-
payload isolation solution

= Singularity
m Evaluation of security/access models

m Challenge exercise: experiments must find job/s running in a
node at a given time-range and give information about
payload/files used or other information

m Created a internal procedure for such cases
m Easy to follow and documented
m 1- DB checks
m 2- Trace processing
m [3- Find submission host for user jobs (api logs)]
m ~2h for several hours time-range
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Part I — Questions?

m To-Do
m As usual,plenty of things to add and improve
m Hard file quotas
m Run CPU benchmarksin JobAgent
m Optimize number of baskets when splitting
m JDLs masterjob-subjob
m Query optimization/ cache
n ...

m JAliEn prioritized

m Jobs record
m 102K inT1T2 Bergen
m 136K inT1T2 Strasbourg ©
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Part II: new catalogue backend
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Current implementation

m MySQL-based AliEn File Catalogue

= 3B logical entries

m One (powerful) DB master
m 1.5TB RAM, 2.4TB on disk size

m DB slaves for hot standby / backups

= 4h to dump, ~2 days to restore

Machine status Machine type Disk CPU utilisation (%) Memory utilisation

Machine Online Uptime Load Kernel (o1 Machine model CPU CPUs MHz Space usr sys iow int sint steal nice idle Total Used Buffers Cached Free
1. db6c 20d 22:34 5.71 4.4.0-64-... 16.04 ProLiant DL380 Gen9 Xeon E5-2667 v4 3.20GHz 32 3500 9.981 1.15 0.276 0 0.365 0 0 88.23 1.476TB 213.1GB 226.5MB 1.264TB 3.989 GB
Total 32 1.476 TB 213.1GB 226.5MB 1.264TB 3.989 GB
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+ . /alice/
Catalogue in a nutshell w =~

2015/ 2016/ 2015/ 2016/

LHC15n/ LHC16n/ LHC15n1b LHC16alc

m LFN namespace 000261088/raw/16000261088034.205.root
m /alice/data/2016/LHC16n/000261088/raw/16000261088034.205.root

m 1180 tables (max 50M), 3B entries, namespace split into tables
m Metadata
-rwxr-xr-x alidaq alidagq 264403565 Sep 09 22:10 0f24bce32446e€a22840d188e035b11a9d

m GUID namespace
m 76CEBD12-716A0-11E6-9717-0D38A10ABEEF

m 173 tables (max 210M), 2.8B entries, split by time intervals (append)
m Version 1 UUIDs (MAC+timestamp)

m Physical File Pointers

root://alice-tape-se.gridka.de:1094//10/33903/76cebd12-76a0-11e6-9717-0d38al0abeef
root://voalicelO.cern.ch//castor/cern.ch/.../16000261088034.205.root
m 3.5B entries, 1B physical files, pointers to ZIP members, 70PB over 70 Storage Elements
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==
Catalogue in a nutshell

m LFN namespace
m /alice/data/2016/LHC16n/000261088/raw/16000261088034.205 .root

m 1180 tables (max 50M), 3B entries, namespace split into Nim‘fm

Germany

| Metadata Flr'lqu,r'\I R
GRIF_IRFU_ARG , |

-rwxr-xr-x alidaq alidag 264403565 Sep 09 22:10 0f24bce32 -y

CRIF_IPNO

csl

Strasbourg IRES '
Subatech CCIPL . i e -

.

m GUID namespace -
m 76CEBD12-716A0-11E6-9717-0D38A10ABEEF

Switzerland .
4

m 173 tables (max 210M), 2.8B entries, split by time intervs
m Version 1 UUIDs (MAC+timestamp)

m Physical File Pointers

root://alice-tape-se.gridka.de:1094//10/33903/76cebd12-76a0-11e6-9717-0d38al0abeef
root://voalicelO.cern.ch//castor/cern.ch/.../16000261088034.205.root

m 3.5B entries, 1B physical files, pointers to ZIP members, 70PB over 70 Storage Elements
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==
DB query rates

[ | Averages ( ]_Y) Command rates on aliendb06c.cern.ch
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+ Cache

Cache statistics
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+
Future needs

m In Run3 we will have 5x more computing resources (300K CPUs +
5000GPUs)

m 10xmore disk and tape storage =>

~10x morefiles to manage

m The goalis to sustain ~200kHz queries (stable)

~1Mhz queries (peaks)
m Numbers are a bit inflated
m Query cache represents half or more of the select
m Many of those queries won’t be needed:
m New backend schemas simplify (next slides)
m Improvements on the framework
m Preparing file envelopes for jobs at split
m More aggressive caching in JAIiEn

m Looking for a solution providing:
= Horizontal scaling
m No single point of failure
m High queryrate
m HA
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')

%v

Apache Cassandra

cassandra

m Provides all the requirements mentioned before:
m Horizontal scale
m Add nodes to keep up ops/s
m HA - No point of failure
m Performance (see later initial benchmarks)

Cassandra Write Data Flows
m Consistency

m Tunable levels, key factor for us

m We move from N to few tables for the namespace
m Simplification

m Easy setup

m Mapping certain SQL operations not trivial
m Groupings, quota calculations, ‘where’ possibilities... Ul etlis tsenpog
® NoSQL re-implementation, CQL helps too
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First schema in C*

& user VARCHAR(20)
 up SMALLINT(6)
< role VARCHAR(20)

7 user VARCHAR(20) > tfin VARCHAR(255) ) fin VARCHAR(255)
¥ up SMALLINT(6) ¥ entryld INT(11) 7 entryld INT(11)

L]

7 dn VARCHAR(255)

Indexes

 pin VARCHAR(255)
 retry INT(11)

> quid BINARY(16)
¥ entryld INT(11)

> action CHAR(10)

|

SE lookups

7 entryld INT(11)

Ll
 userld MEDIUMINT(8) L uameomnte) | ——— & Userid MEDIUMINT(8)  fullPackageName VARCHAR(255)
Opath VARCHAR(255)  Sy——ofl Ly
o 255  Usemame VARCHAR(20) © PrimaryGroup INT(1) Ofin VARGHAR(255)
< tagName VARCHAR(50) e m < © Groupid MEDIUMINT(8)  packageName VARCHAR(255)

 tableName VARCHAR(50) > usemame VARCHAR(20)

“ size BIGINT(20) File tre e

 platform VARCHAR(255)

7 gld MEDIUMINT(8)
 Groupname VARCHAR(20)

Indexes

> packageVersion VARCHAR(255)
@ quidld INT(11) ¥ quidid INT(11)
 finRef VARCHAR(20) | | & ctime TIMESTAMP
dexe O ref INT(11) @ tableName INT(11) @ tableName INT(11)
i  jobid INT(11) ! .  time TIMESTAMP  max_time CHAR(20)
|  soStringlist VARCHAR(255)  action CHAR(40)  min_time CHAR(20)
I /o seAutoStingist VARCHAR(255) ) extra VARCHAR(255) ( Pat h ) ( sENu mb e r)
I  expiretime DATETIME
-
X i @ size BIGINT(20) % userld MEDIUMINT(8) Child EntrvID
oL a :w:::}'::': " e MY Name INT(11)
qui )  totalSize BIGINT(20) > lin VARCHAR(255) 1
@ userd MEDIUMINT(8) | | © type CHAR(1) e ime
 noFiles INT(11) > mdS VARCHAR(32)
 totalSize BIGINT(20)  ownerld MEDIUMINT(S) F QF 1 1 a 194
> porm CHAR(3) . . peo . | e e
 entryld INT(10)
e Tmeen | OlMplification! :
 replcated SMALLINT(1) @ tableName INT(11) ) wner 1z
o ctime TIMESTAMP  seNumFies BIGINT(20) | | * ime TIMESTAMP
 action CHAR(40)
SRbdINT(H1) @ seNumber INT(11) G O
I o | roup wner
 quotaCakculated SMALLINT(6) O VARCHAR55) .
 existing SMALLINT(1) brokon SHALLINTI) S]_Ze
OB INT(11) — 4, expiretime DATETIME
< mdSsum VARCHAR(32) ; &
*  sizo BIGINT(20) © entryld INT(11) T e
 expiretime INT(11) & GirINT(10
20 BIGINTZD) (10 < pin VARCHAR(255)
s  gownerld MEDIUMINT(®) @ seNumber INT(11) P erm
 type CHAR(1) > quid BINARY(16)
@ gownerld MEDIUMINT(8) * quid BINARY (16) Indexes
Quumber Mt s EntryID
¥ Quid BINARY(16)  ownerld MEDIUMINT(8) Y
@ ownerld MEDIUMINT(8) 7 userld MEDIUMINT(8) & perm CHAR()
B o JobID
 nbFiles INT(11)  seNumber INT(11)
 tmpincreasedTotalSize BIGINT(20)  seMinSize INT(11) ( : h k m
& maxTotalSize BIGINT(20)  seExclusiveWrite VARCHAR(300) ecksu
 tmpincreasedNbFiles INT(11)  seDemoteRead FLOAT
 totalSize BIGINT(20)  seName VARCHAR(50) Metad a.ta.
s0Q08

& volume CHAR(255) < seStoragePath VARCHAR(255) .[]RLS

7 volumeld INT(11) < seType VARCHAR(60)
OusedspaceBIGINT(20) | 14| © seNumFiies BIGINT(20)
 mountpoint CHAR(255)  seUsedSpace BIGINT(20)
 size BIGINT(20)  seExclusiveRead VARCHAR(300)
@ seNumber INT(11)  seDemoteWrite FLOAT
+ seNumber INT(11) i

 method CHAR(255) © seioDaemons VARCHAR(255)

 sitedistance FLOAT
 freespace BIGINT(20) < seVersion VARCHAR(300)

¥ collectionld INT(11)
 localName VARCHAR(255)
) data VARCHAR(255)

7 origLFN VARCHAR(255)
 guid BINARY(16)

m

¥ collectionld INT(11)
 colGUID BINARY(16)

Indexes

7 sitename VARGHAR(100)

AliEn Catalogue - Miguel Martinez Pedreira

PS: some tables will stay in MySQL
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Cassandra benchmarks

m Setup a 5-node ring
m Server power: 16-48 cores, 100-350GB RAM
m Java 8 Oracle,no swap, nofile/memlock limits (no degraded mode)

m Mapped namespace into a column family that is able to do "whereis’
and 'Is’: entry contains lin+pfns metadata

m Starting a new round of benchmarking on a implementation that
allows find" as well

m RF 3, LeveledCompaction + LZ4 compression

m Data dump
m MySQLto Cassandra -> slow
m Artificial lfns and dirs -> very quick!

m Execution
m Java sized thread pool, configure hierarchies, number of LENS, etc...

AliEn Catalogue - Miguel Martinez Pedreira
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Cassandra benchmarks

m [nitial benchmarking shows promising results

7 30000
6 25000
MySQL
° o 20000
4 -
£ 315000
S, 5000 o MySQL AVG.
2
1 c< 5000
0 0
50M 140M  220M  360M  550M 20 40 60 80 100
Namespace size Client threads (5M queries each)
Time to retrieve logical and Operations per second based
physical information of a file on number of clients
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New schema in C*

LFN index LFN metadata SE lookups

(SENumber
moduloID)
EntryID

(ParentID) Parentld

FileName (EntxyID)
ChangeTime
Owner
EntryID Group

Flag Type

Size
Owner

Size

Permissions

JobID

Checksum
Metadata<string,string>
PFNs<int,string>

Flag

PK

((SENumber,
hash(EntryID)%n
), EntryID)

AliEn Catalogue - Miguel Martinez Pedreira
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New vs old schema

m Cons

= Need toloop over the lfn_index (hierarchy) to do file operations
m To avoid contention on the servers and thus latency:

m Can be cached by client

m (We hope) can be cache by Cassandra->RowCache

Application requests a "hot,"

. Pro S frequently accessed row.

I ‘ Application requests a row not in row

= Some complex and heavy operations

cache, but whose key is cached.

;
become much easier rowcane |1 g o o e
m mv dir: delete old parent and insert new SR | i 2 e catew
m rm dir:mark/delete parent ez

= Easyto keep a trash bin o —

SSTables on Disk [ memtables ]

AliEn Catalogue - Miguel Martinez Pedreira




Monitoring

m Cassandra internally calculates and exposes an ample set of metrics ->
MBean (JMX)

m Namingis misleading and documentation is scarce
m Pluggable to some extended tools

m ML will have a dashboard to have a global view of the cluster and detect
problems-> link to C* monitor

m Feeding most important metrics:
m Read/Write latencies and throughput
KeyCache hits/requests
Compaction+GC stat

CF stats

|

|

m Timeouts, Unavailable, Exceptions

|

m Usual machine status: load, cpu/memory/network usage...

AliEn Catalogue - Miguel Martinez Pedreira
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Stress test: read

Read performance

14000

.-
13000
12000
11000
10000

9000
8000
7000
6000
5000
4000
3000
2000
1000

reads/s

9000 Ty g —— .

8000 {

7000

latency (us)

29 Mar 2017
CEST time

- aliendb06f.cern.ch -+ aliendb06g.cern.ch - alientest02.cern.ch - alientest03.cern.ch —- alientest05.cern.ch —-alientest06.cern.ch + alientest07.cern.ch

Read operations / second Average latency (us)
Series Last value Min Avg Max Series Last value Min Avg Max
1. M aliendb06f.cern.ch 13569 12047 12778 13701 1. M aliendb06f.cern.ch 2194 1960 2426 3108
2. M aliendb06g.cern.ch 12597 11061 11784 12727 2. M aliendb06g.cern.ch 1974 1864 2176 2534
3. M alientest02.cern.ch 12737 11216 11876 12738 3. [ alientest02.cern.ch 1969 1836 2276 2698
4. M alientest03.cern.ch 12333 10850 11550 12415 4. M alientest03.cern.ch 8394 7785 8923 9571
5. [l alientest05.cern.ch 13563 12002 12705 13625 5. M alientest05.cern.ch 2349 2342 3308 4982
6. H alientest06.cern.ch 13216 11679 12445 13299 6. M alientest06.cern.ch 2692 1969 3023 3845
7. alientest07.cern.ch 13995 12338 13039 14106 7. [ alientest07.cern.ch 4040 3767 4041 4670

Total 92014 86179 Total 23614 26176



+
Stress test:

14000
.
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
0

reads/s

9000
8000
7000
6000
5000
4000
3000
2000
1000

latency (us)

- -
- - —
- "‘W"‘% . w—'r-‘*’“—c!—-"*‘i—-‘ = -— ——— S o — -t e

read

Read performance

T———————
e —

3

0
11:58 12:01 12:04 12:07 1210

12:13 | 1216 1219 @ 12:22 | 12:25 1228 12:31

29 Mar 2017
CEST time

12:34¢ 1237 1240 12:43 | 1246 12249 1252 12555  12:58

3

+- aliendb06f.cern.ch - aliendb06g.cern.ch

-»-alientest02.cern.ch - alientest03.cern.ch -s-alientest05.cern.ch - alientest06.cern.ch

alientest07.cern.ch |

alientest,db06f,d

What is this about?

Machines status

Machine status Machine type Disk CPU utilisation (%) Memory utilisation

Machine Online Uptime Load Kernel 0os Machine model CPU CPUs MHz Space usr sys iow int sint steal nice idle Total Used Buffers Cached Free
1. db6f 22d 20:04 18.13 4.4.0-65-... 16.04 ProLiant DL380 Gen9 Xeon E5-2687W v4 3.00GHz 48 3199 22.33- 0.034 0 0.564 0 1.921 68.41 755.8GB 178 GB 364.6 MB 571.7 GB 5.762 GB
2. dbég 19d 19:41  14.86 4.4.0-66-... 16.04 ProlLiant DL380 Gen9 Xeon E5-2687W v3 3.10GHz 40 1768 25.13 0.01 0 0.902 0 2.253 63.85 755.8GB 19.51GB 279.8 MB 97.95GB 638.1 GB
3. alientest02 83d 21:23 28.8 4.4.0-57-... 16.04 ProLiant DL380p Gen8 Xeon E5-2690 v2 3.00GHz 40 3000 30.79= 0.002 0 1.532 0 2.477 54.13 377.9GB 172 GB 10.56 GB 163.6 GB 31.74 GB
4. alientest03 76d 17:58 62.59 4.4.0-59-... 16.04 ProLiant DL380 G6 Xeon X5560 2.80GHz 16 2794 - 0.001 0 4.269 0 4.013 14.39 141.7GB 17.98GB 332.3 MB 94.68 GB 28.67 GB
5. alientest05 8d 1:53 37.64 4.4.0-67-... 16.04 ProLiant DL380p Gen8 Xeon E5-2697 v2 2.70GHz 48 2699 34.74- 0.035 0 2.039 0 3.843 46.97 188.9GB 57.67GB 3.423GB 127.1 GB 690.1 MB
6. alientest06 83d 21:24 58.49 4.4.0-57-... 16.04 ProlLiant DL380p Gen8 Xeon E5-2697 v2 2.70GHz 48 2999 - 0.007 0 2.689 0 3.006 26.94 188.9GB 62.19GB 2.689GB 99.19 GB 24.81 GB
7. alientest07 83d 21:26  61.68 4.4.0-57-... 16.04 ProLiant DL380 G6 Xeon X5560 2.80GHz 16 2794 48.34- 11.69 0 6.412 0 6.288 9.125 55.03GB 16.45GB 209.8 MB 38.14 GB 244.1 MB

Total 256 2,406 TB 523.7GB 17.83GB 1.164TB 730GB
Average 54d 3:59 40.31 40.18 11.56 1.683 0 2.629 1] 3.4 40.55 352GB 74.82GB 2.548GB 170.3 GB
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Stress test: read

KeyCache hits / second

35000

32500

30000

27500

25000

22500

20000

17500

hits/s

15000

12500

10000

7500

5000

2500

0
1050 10:53  10:56  10:59 | 11:02 | 11:05 11:08  11:11 1114 1117 1120 1123 1126  11:29  11:32  11:35 11:38 1141 11:44 11:47  11:50
29 Mar 2017 >
CEST time

-+ aliendb06&f.cern.ch -+ aliendb06qg.cern.ch -s-alientest02.cern.ch -s- alientest03.cern.ch -s-alientest05.cern.ch -s-alientest06.cern.ch - alientest07.cern.ch
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Stress test: write

Write performance

16000

15000

14000

13000

12000

11000
10000
9000
8000

writes/s

7000
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5000

_ — — -
4000 ,/

—_ -
3000 *

M‘Y-:
1000 7, ettt : S e B S
0

29 Mar 2017 -
CEST time

—— e _ A

latency (us)

-+ aliendb06&f.cern.ch -+ aliendb06g.cern.ch - alientest02.cern.ch -»- alientest03.cern.ch -s-alientest05.cern.ch -e-alientest06.cern.ch - alientest07.cern.ch

Write operations / second Average latency (us)

Series Last value Min Avg Max Series Last value Min Avg Max
1. M aliendb06f.cern.ch 15361 12150 14885 15571 1. M aliendb06f.cern.ch 1348 5704 1140 1380
2. M aliendb06g.cern.ch 14243 11282 13834 14425 2. M aliendb06g.cern.ch 1321 617.2 1117 1338
3. Hl alientest02.cern.ch 14106 11193 13651 14336 3. l alientest02.cern.ch 1763 642.8 1325 1824
4. M alientest03.cern.ch 13814 10900 13377 14029 4. M alientest03.cern.ch 5093 1135 4378 5625
5. l alientest05.cern.ch 15230 12097 14801 15471 5. [l alientest05.cern.ch 1927 678.7 1489 2030
6. H alientest06.cern.ch 14858 11751 14417 15103 6. l alientest06.cern.ch 1619 640.8 1321 1703
7. alientest07.cern.ch 15625 12342 15203 15923 7 alientest07.cern.ch 5340 1391 5126 5748

Total 103241 100171 Total 18414 15900
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Stress test: write

writes/s

latency (us)
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Write performance
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i
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29 Mar 2017
CEST time

L3

-+ aliendbo6f.cern.ch =

aliendb06g.cern.ch -»- alientest02.cern.ch -+ alientest03.cern.ch -s-alientest05.cern.ch - alientest06.cern.ch - alientest07.cern.ch

alientest,db06

N oo swN R

Machine
db6f

dbbg
alientest02
alientest03
alientest05
alientest06
alientest07

Total

Average

Machine status

Online Uptime Load

22d 23:20  16.25
19d 22:57  16.71
84d 0:40 34.58
76d 21:14 56.66
8d 5:10 35.96
84d 0:41 321
84d 0:43 53.67

54d 7:15 35.13

what Is this about?

Machines status

Machine type Disk CPU utilisation (%) Memory utilisation
Kernel oS Machine model CPU CPUs MHz Space usr sys iow int sint steal nice idle Total Used Buffers  Cached Free
4.4.0-65-... 16.04 ProLiant DL380 Gen9 Xeon E5-2687W v4 3.00GHz 48 3199 23.4 - 0069 0 0.74 0 1.803 66.53 755.8GB 177.7GB 362.8 MB 544.3GB 33.51 GB
4.4.0-66-... 16.04 ProLiant DL380 Gen9 Xeon E5-2687W v3 3.10GHz 40 2786 26.68 - 0.032 0 1134 0 2377 60.85 755.8GB 19.44GB 282.8MB 106.8GB 629.3 GB
4.4.0-57-... 16.04 ProLiant DL380p Gen8  Xeon E5-2690 v2 3.00GHz 40 3000 37.16 0.051 0 3.543 0 3.853 35.93 377.9GB 173.3GB 10.6 GB 173.4GB 20.55GB
4.4.0-59-... 16.04 ProLiant DL380 G6 Xeon X5560 2.80GHz 16 2794 - 0.243 0 3.634 0 10.91 26.78 141.7GB 18.02GB 335.8MB 103.8GB 19.55GB
4.4.0-67-... 16.04 ProLiant DL380p Gen8  Xeon E5-2697 v2 2.70GHz 48 2700 35.59- 0.079 0 3.687 0 3.879 39.34 1889GB 48.75GB 3.184GB 118.1GB 18.79 GB
4.4.0-57-... 16.04 ProLiant DL380p Gen8  Xeon E5-2697 v2 2.70GHz 48 2999 27.68 - 0.045 0 1.969 0 3.362 56.53 1889GB 51.35GB 2812GB 116.5GB 18.18GB
4.4.0-57-... 16.04 ProLiant DL380 G6 Xeon X5560 2.80GHz 16 2794 -- 0.873 0 5.487 0 6.401 21.63 55.03GB 16.77GB 244.1MB 34.61GB 3.411GB

256 2406 TB 5053GB 17.79GB 1.169TB 743.3GB
36.18 1214 0199 0 2885 0 4655 43.94 352GB 7219GB 2541GB 171.1GB
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Stress test: write no compression

Write performance

25000
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23000
22000
21000
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writes/s
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588888
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18:06 | 18:09 | 1812 1815 18:18 1821 | 1824 1827 18:30 18:33 18:36 | 18:39 1842 18:45  18:48 | 1851 | 1854 1857 19:00 19:03 & 19:06
24 Apr 2017 F
CEST time &

latency (us)
=
588 .

-+ aliendb06f.cern.ch -+ aliendb06g.cern.ch = alientest02.cern.ch -»- alientest03.cern.ch - alientest05.cern.ch -»- alientest06.cern.ch - alientest07.cern.ch

Write operations / second Average latency (us)

Series Last value Min Avg Max Series Last value Min Avg Max
1. M aliendb06f.cern.ch 23103 17347 21347 23289 1. [ aliendb06f.cern.ch 1499 994.9 1237 2274
2. M aliendb06g.cern.ch 22197 16074 20786 22614 2. M aliendb06g.cern.ch 1558 1056 1219 1596
3. H alientest02.cern.ch 22984 16884 21568 23549 3. [l alientest02.cern.ch 2084 1254 1571 2214
4. |l alientest03.cern.ch 9259 7028 8665 9652 4. M alientest03.cern.ch 2571 1785 2092 2979
5. Il alientest05.cern.ch 22968 16670 21561 23381 5. H alientest05.cern.ch 2190 1290 1655 2480
6. [ alientest06.cern.ch 23901 17868 22160 24044 6. [l alientest06.cern.ch 1978 1235 1488 1983
7 alientest07.cern.ch 8554 6531 8080 8704 7. [ alientest07.cern.ch 4576 2493 3385 4812

Total 132970 124171 Total 16459 12650



==
Next steps

m Tune Cassandra

m Investigate and optimize CPU usage

m Tune JVM+GC, RowCache/KeyCache sizes...
m Run benchmarks with ‘cassandra-stress’

m Comparable to similar clusters of the community?
m Get closer to a production workload

m Mixed set of select/update/insert/delete as in the current
catalogue

m Exercise critical operations
m Backups
m Addition/replacement of nodes

AliEn Catalogue - Miguel Martinez Pedreira
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3D Crosspoint

m Biggest memory breakthrough in 25 years

m Not very clear yet how it will work, but provides:
= Higher data volume than RAM
m Low latency
m 2 price RAM?

m Persistent RAM
= Remove slow I/0O layers -> In-memory DB?

m Bookingarea...

(intel) 3D XPoint™ Technology

AliEn Catalogue - Miguel Martinez Pedreira
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Thanks

m Questions?
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B slides - CPU debug: cpu sample

< localhost:7199 (pid 26886)

Sampler

[ Settings.
— ] W=
Status:  samping inactive
[CPU sampies | Thread cpu Time
[@] 2| [Esnopshet | Thread Dump
Vot Spots - Hethod Seif Time [ v|__seffTime | Self Time (cpu) | Totel Tme | Total Time (cruy
i dra el 0 ieuntil | ] 79550, 5  ass9ms 57955807 ms | 365,609 me =]
org.apache. cassandra. concurrent. SEPWorker.run (1 ] 32,654,2...(22.5%) 6,844 ms 105252394 ms  6.469,277 ms.
By d & ] 12,032.7... (5%} 6.307ms  13584.565ms 1,126,903 ms
h dra.util it itUnis ibly () 1 11.489.6... (7.9%) 126,527 ms 11,489,692 ms. 126,527 ms
o d " itspin () 1 8.684.97... (5%) 192.041ms 6,686,032 ms 193,103 ms
io.netty.channel epoll Native epollwaito[native] () 1 657885 (45 6578886 ms 6578885 ms 6576886 ms
org.apach dra. utils 0 1 3,869.77... (27%) 6.741ms  4.017.093 ms 5,496 ms
net jpountz [24. LZ4BlockinputStream. readFully (| 1 3,847.62... (26%) 3,847,627 ms. 3,847,627 ms. 3,847,627 ms.
net jpountz [24.LZ4)NI.L24_decompress_fastinativel I 324410 (22%) 3244100 ms  3.244100ms 324,100 ms ||
org apache. cassandra.utils. ChecksumTypes2 update ] 866,530 . (06%) 866,530 ms 866.530 ms 366,530 ms.
e Codbam] T aso4ss 0 covoms  43050me e me
org.apache,caesandra.utle SyteBufferut read ) 43215 0w 43:sme Siademe  S134s3ms
n 0 sess0s.. (1w aessosme  36s808ms 385,608 me
org apach dra v gnal () Siases. () Sl4sesme  S14ssams 314,084 me
e dranet 0 296954 () 23426me  2969%ms 289426 me
fo nety channel cpol.fative eventFdWritelnativel | 28116 0 2wlleme  2silems  221leme
org.apach dra.al oop ( [ Lrsams  l7a17me 1754 me
. channel i 0 wsses. % lssesme  Lsssams  113.5e3me
ty.channel i 3 97,645 ... (o) 97,645 ms 97,645 ms 97,645 ms
org apache.cassandra.io ui RebuferinginputSiream read @05 %  e0sme  sessme  99s59me
net ountz chach XXHashNLOMAZ.freenativel () o %  elol4ms  elowme  6Loldms
org.apache.cassandra.io.ut. i 0 7502w S7s2ms  7043me  70439ms
n dra.o.c, sus0. W sL7soms  Isiassme  13L283me
net pountz 4. LZ4N1L24,_compress. sz W sizeems  sizszme  SLae2me
Io.netty.ut. ResourceL ealDetectorsDefaultssourceLeak. s (o  dsseme  4ssszme  dnsezme
org.apache.cassandra.utis. bires.BTres.sfice ( wams n dd2eme  daszme  44s4zme
org.apachs.cassandra,db.marshal AbstractType.compare 4sse. o dassems  4dosoms  4dosome
dra o, satable format bi tposition | dosss. ()  dosssme  sm4ms 530425 ms
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ides - CPU debug: GC

U 10CAINOST: / LYY (PIA Lbbt6)
Honttor

Uptime: 620 hre 55 min 43 sec

MU @Hemory @ Classes @ Threads
Ferform Gc_] [ eap bump
E x| [T | wetsspace x
CPU usage: 46 5% GG activity: 0.1% Size: 84221624328 Used: 5.276,267.504 0
Max: 84221624328
o
o
il I T .
1 LI L ; ] NN A LTI o
I | [ sasoms
arsos I
n
g St T Erm oo Em pom ot prm T =0 ERm Tt i et Seam Tt pom e i pEm e
G usane BGC actuiy Btean size WUsed heap
Classes x| Threade x
Total loaded: 5,827 Shared loaded: 0 Lve: 371 Dacmon: 305
Total unloaded: 126 Shared unloaded: 0 Live peak: 379 Total started: 019,625
e S— e W —— I
i I I
X
B Totsl laded clacacs B Shared lasded classes

Btive throads B Dacmon throads
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B slides - CPU debug:
methods/cpu usage

Call Tras - Methad
§ E5 ACCEPT-alientestod.cem.ch153.104.2.24
T u n @ [
@ cun.nio.ch SorverSacketadaptor.accept
® selftme
§ G MessagingS ervice-ncoming./15.184.2.31
88 ors.apache.cassandra.netIncomingTepConnection.run | I :55.707 o6 595707 ms
9% 0rg spache cassandre.net IncomingTepCannection receiveMessages ) I :05.707 . (0%) 595,707 ms
§ 8 java.io DatainputStroar readint I =c.707 . oo 595,707 me
$ 3 netjpountz a4 LZ4Blockinputstream read (1
9 8 et jpountz 24 LZ4ElockinputStream.refill
8 net pountz 2 LZ4lockinputStrear readFuly (|
@ sun.nio.ch Channelinpurstrear.read (

¢ 5 MessagingService-Incoming.7190.104.2.31
W org.apache.cassandra.net IncomingTcpConnection.run (
(2] o casoand
© W java.io DatainputStream. readint
» T

@ selftime
© selftime
§ G MessagingS ervice-Incoming /156,184,
88 ors.apache.casasndra.netIncomingTepConnection.run |
39 orp apache cassandra et IncomingTepConnection receiveMessages (|
= 8 fava o Datainputstroam readint
o % org.apach; a 0
@ selftime
© sef time.
§ 5 MessagingService-ncoming-/100.104.2.11]
8 arg apache.casssndra netIncoming TepCennection.run |
Y h dranet. i 0
W lava o Dotainputstream readint
§ 8 net jpountz 4 LZ4Blockmputstrear read (|
4 39 netipountz 2 Lzatlocknputstream.efill
M net pountz 2 Lz4slockiputstrear readFully |
io.ch.ChannelipuStrear read (|
© selftime

11

coming./137.135.99.141
coming:/137.130.99.137
o £ MessagingService-Incoming-/137.135.99.144.

o &3 SharedPool- Worker-142
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B slides - CPU debug: jstack info

[0x00007f5763211000]
java.lang.Thread.State: TIMED_WAITING (parking)

at sun.misc.Unsafe.park(Native Method)

- parking to wait for <0x00000006c0002870> (a java.util.concurrent.locks.AbstractQueuedSynchronizer$ConditionObject)
at

at
at
at
at
at
at
at
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==
ScyllaDB

m “Next generation Cassandra”

Throughput of ScyllaDB Vs. Cassandra Using 2TB Data for Different YCSB Workloads

1000
I ScyllaDB

750

Operations Per Second [kOPS]

Il Cassandra

715
500
250
49.91 19.3
0
A B

Workload

m Difference relies on core implementation

—

/AN

Kerna

Memory TCPAP

N o

(intel

inside
CORE 17w

NIC
Queues

Cc

T

41.65

—— )

Application

TCP/IP

63.8

Full report here
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