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Optimising data access analytics:
Integrating dCache BillingDB with PIC's
scalable big data platform
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Introduction Az

Hadoop/Hive platform at PIC deployed since Oct. 2016 for Cosmo/Astro
projects ( )

Build your own 'U'niv'er’se‘

Interactive d_ata' analysis of massive‘cosmological data without any SQL kn‘qwledg‘e Pt

Billions of observed and Superfast queries means Features to make you M “Online plotting pre\iieV\f'
simulated galaxies superfast results - . work faster and easier - and data download
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http://cosmohub.pic.es
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Hadoop/Hive platform at PIC deployed since Oct. 2016 for Cosmo/Astro
projects ( )

Currently, it is deployed on 32 nodes:

e /68 cores, 16 TiB RAM
e 60 TB NVMe (for cache)
e 4.3 PiBraw storage (3 PiB usable)

It supports multiple projects: DES, PAUS, Euclid, MICE, LST, Gaia, LSST...

This platform offers interactive exploration (visualization) of catalogues, and
capability to export results in multiple formats (Parquet, CSV, FITS, ASDF)

Stats: ~150 raw catalogs, ~2000 users registered, 17K custom catalogs
~300 tables, 3.27-10"" NumRows (1), ~160 TB rawDataSize

>75% of all queries in <3 min - easy integration in Jupyter Notebooks

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]
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CosmoHub: in-house software stack e

Software stack E
e 1thgen: HDP 2.6.5 g 'é {E_ G 5
e 2ndgen: HDP 3.1.4 AT E 1R
e 3rd gen: Shepherd (in-house) | & | ||| f - §
. | -
Hardware architecture & 9

e st gen: obsolete nodes o
e 2nd gen: 4 dual-twin

e 3rdgen: 12 nodes DIY
e 4th gen: 20+12 nodes

KERBEROS
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Hive at PIC: door to Big Data Analytics 4%

PIC historical dCache billingDB and ESnet High-Touch for Data Challenge ‘24 inserted
Allows quick data analysis and exploration through Jupyter Notebooks

;EEEEE malp;:t::b‘;zyplot as plt [N U-te b 0 0 |(]
Table NumRows |rawDataSize (TB)| totalSize (GB)
dcache_bi"inginfo 4_09E+09 505 1 3832 ute('SELECT protocol,COUNT(x) as count FROM dcache_billinginfo GROUP BY protocol ORDER BY count DESC')
dcache_doorinfo 5.11E+09 5.84 147.52 ’
dcache_hitinfo 3.07E+09 1.75 49.88
dcache_storageinfo 6.64E+07 0.05 2.37
«— 2017-2024 period
esnetHT_dc24 2.30E+09 6.60 125.53
All (287 tables) 3.27E+11 158.36 99194.37 N

ooooooooooooo
ﬁﬁﬁﬁﬁ
nnnnn

Xrootd-2
GFtp-2
F,
a)
n

NFS4-4

RemoteGsiftpTransf
RemoteHttpDataTransf

¥ RemoteHittpsDat
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Storage resources towards HL-LHC A B

Currently expanding and adapting the World-Wide LHC Computing Grid (WLCG) to
accommodate increased data processing demands expected at the HL-LHC era

e Emphasis on the need for cost-effective solutions to manage the growing
volume of data

e Possible consolidation of storage resources in fewer sites

e Focus on deploying lightweight storage systems (data caches) supporting
traditional (Grid) and opportunistic (Cloud/HPC) compute resources

e Boost task execution performance by implementing efficient data caching
mechanisms in close proximity to end users [CHEP talk]

e But how are we using today the ‘traditional’ storage resources?

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]


https://indico.cern.ch/event/1338689/contributions/6010877/

A case study for the CMS experiment A

CMS changed his Data Management system from PhEDEX to Rucio around 2020

Historical dCache data has been analyzed at PIC: CMS access patterns, lifespans and
other relevant file statistics, in the period from 2017 to 2024, and comparing
metrics pre/post PhEDEX

Previous data accesses studies at PIC storage system were performed on a replica
dCache billingDB PostGreSQL, but the analysis of the data was slow and only one year
worth of data was analysed at the time [link to CHEP]

This recent study has used the Hive platform over 1.25-10'° rows and ~13 TB
rawDataSize - it was carried out by M. Santamaria (last year Physics degree student)

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix] 7



A case study for the CMS experiment A

PIC currently deploys ~20 PB of disk storage, which is managed by dCache

The LHC data that is stored in PIC typically saturates the system every 3 months, so
the files in the storage system are very dynamic

This is also seen in the number of file deletions that occur often to allow space for
new files to be stored in the PIC storage system

The CMS experiment has written in PIC storage ~100 PB since 2017 (57M files)

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]



A case study for the CMS experiment A e

350 T T _
- —— Dcache [Natebook] :<—500M unique files
: Removed CMS ]

250:_ -  \Written our data _

Removed our data

N
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o

Size (PB)
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o

1< 57M unique files

=
o
o

«— Files considered in the study
(we have filtered tests, itermediate data files, ..)
14M unique files and 1k million access records, allowing
o forafocused examination of critical data access patterns
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A case study for the CMS experiment A e
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«— Rucio offers enhanced capabilities with sophisticated
data management algorithms and retention rules
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A case study for the CMS experiment A

BSOi T T T T T ¢ 4 Y s T T L ¢ T T Al T T T T T T T Y T T T T T Y T 'j
‘ Dcache |
BOOE Written CMS
» Removed CMS
250': Written our data

m

The total records that have been used in this study span over 1 billion
database records, and Big Data analysis techniques have been applied.

It is remarkable that the deployed methodology has provided results (‘a
graph’) in less than 2’, and it is one of the first studies ever made at PIC

applying these techniques on dCache monitoring data
50 ¢

0f

,\/\ \fo ,\’/0,
N S S
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Creating an unified table for analytics A -

The primary information is stored in two distinct PostgreSQL tables within the dCache
billingDB: dcache_doorinfo and dcache_billinginfo

To avoid costly SQL joins, we merged these tables into an unified table, which
involved intricate SQL operations to trace and keep all data accesses of files that have
been managed by dCache: creation - accesses - deletion (if any) - re-creations...

This process demanded significant effort and careful attention to ensure that all
relevant information was correctly aligned and integrated into a single, cohesive table
suitable for analysis within the Hadoop framework

This process has been documented, so it can be replicated considering new data or
different periods of time (and even works in a PostgreSQL context)

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]
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Creating an unified table for analytics

Example illustrating the lifecycle of a file as represented in the fulltable:

| fulltable.dclient | fulltable.bclient | fulltable.access_count | fulltable.reaccess_count | fulltable.action | fulltable.creation_date |

fulltable.data | fulltable.data_desv
| fulltable.protocol | fulltable.fullsize | fulltable.read_data | fulltable.corrected_path |

fulltable.pnfsid | fulltable.id_access

109AB82124BFFB@387CO5D13FFB78 | 1579109561868000 |
| I | D |

| Xrootd-2.7 | 3881827254 | 1328316269
109AB82124BFFB@367COSD13FFB70 | AAWd3Fewybg:
| 2
| Xrootd-2.7 | 3881827254 | 1317845693
109AB82124BFFB@367CO5D13FFB78 | AAWd3KpQ31A: |
| 3
| Xrootd-2.7 | 3881827254 | 1340721592
109AB82124BFFBO367COSD13FFB70 | AAWA3K6XEJg: |
| I | | 4
| NULL | 3881827254 | NULL

109AB82124BFFB@367CO5D13FFB78 | 1582737442951-2617388 |

+-- - B - + ——— e -- -
B e fmmmmmmmmmmeeemeeeeeeejeseeeseeeeeee—e——————— femmmmmmmmmmeemeeemeseeeeeeeeeseseeeeeeese—e—e—————— frmmmmmmmmmeeemeeeeeeeeeeeeeeeee—e—————— fommmmmmmmmmeeeeee—————— +
| | | e [ 3 | request | 1579113829 | 1.57911382928E9 | e.0
| GFtp-2.0 | 3881827254 | 3881827254 | /pnfs/pic.es/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/@00/317/392/00000/3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019

|4 | request | 1579113829 | 1.5809505081229715E9 | 1287.5535606057604
| /pnfs/pic.es/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/@00/317/392/00000/3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019

{1 | request | 1579113829 | 1.5809509886487913E9 | 877.2298492033507
| /pnfs/pic.es/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/000/317/392/00008/3ADC1ECE-D767-E811-BEC2-02163E01A136.root | 0000019

| 1 | request | 1579113829 | 1.5809515834984841E9 | 1159.1698642535305
| /pnfs/pic.es/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/@00/317/392/00000/3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019

] 2 | remove | 1579113829 | 1.582741042951E9 | e.0
| /pnfs/pic.es/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/000/317/392/00008/3ADC1ECE-D767-E811-BEC2-02163E01A136.root | 0000019

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]

port d'informacid
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PIC

Creating an unified table for analytics

Example illustrating the lifecycle of a file as represented in the fulltable:

| fulltable.dclient | fulltable.bclient | fulltable.access_count | fulltable.reaccess_count | fulltable.action | fulltable.creation_date | fulltable.data | fulltable.data_desv
| fulltable.protocol | fulltable.fullsize | fulltable.read_data | fulltable.corrected_path | fulltable.pnfsid | fulltable.id_access |
+

¥ D —

| | | 1579113829 | 1.57911382928E9 | e.e
| GFtp-2.8 | 3881827254 | 3881827254 | /pnfs/pic.es/data/cms/disk/store/s 2188/731/RAW/V1/000/317/392/00008/ 3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000819
109AB82124BFFBA307COSD13FFB70 | 1579109561868008 |
' e T q | 1579113829 | 1.5809505081229715E9 | 1287.5535606057684
| Xrootd-2.7 | 3881827254 | 1328316269 | /pnfs/pic.es/data/cms/disk/store/daty/Run20188/Tau/RA/v1/000/317/392/00008/3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019
109AB82124BFFBO307COSD13FFB70 | AAWd3Fewybg:
|2 | | request | 1579113829 | 1.5809509886487913E9 | 877.2298492033507
| Xrootd-2.7 | 3881827254 | 1317845693 | /pnfs/pic.es/data/cms/disk/storgfdata/Run20188/Tau/RAW/v1/000/317/392/00000/ 3ADC1ECE-D767-E811-BEC2-82163EQ1A136. root | 0000019
109AB82124BFFBO307COSD13FFB7@ | AAWA3KpQ31A: |
| 3 | 1 | request | 1579113829 | 1.5809515834984841E9 | 1159.1698642535305
| Xrootd-2.7 | 3881827254 | 1348721592 | /pnfs/pic.es/data/cms/disk/#tore/data/Run20188/Tau/RA/v1/600/317/392/00008/ 3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019
109AB82124BFFBO307COSD13FFB70 | AAWA3KEXEJg: |
| I | 4 | 2 | remove | 1579113829 | 1.582741042951E9 | .0
| NULL | 3881827254 | NULL | /pnfs/pic.es/data/cms/gfisk/store/data/Run20188/Tau/RAW/v1/000/317/392/00000/ 3ADCIECE-D767-E811-BEC2-82163E01A136. root | 0000019

109AB82124BFFB@367CO5D13FFB78 | 1582737442951-2617388

File creation
[FTS transfer]

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]
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PIC

Creating an unified table for analytics

Example illustrating the lifecycle of a file as represented in the fulltable:

e Fommmm e e i et e e T e e frmmmmm e
e e e e e e et +
| fulltable.dclient | fulltable.bclient | fulltable.access_count | fulltable.reaccess_count | fulltable.action | fulltable.creation_date | fulltable.data | fulltable.data_desv
| fulltable.protocol | fulltable.fullsize | fulltable.read_data | fulltable.corrected_path | fulltable.pnfsid | fulltable.id_access
+
| I | 1 | request | 1579113829 | 1.57911382928E9 | e.e
| GFtp-2.@ | 3881827254 | 3881827254 | /pnfs/pic.es/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/€00/317/392/00000/3ADC1ECE-D767-E811-BEC2-02163E01A136.root | 0000019

109AB82124BFFB@387CO5D13FFB78 | 1579109561868000 |

| |4 |2 | 1579113829 | 1.5889505881229715E9 | 1287.5535606057604
:::> | Xrootd-2.7 | 3881827254 | 1328316269 | /pnfs/pic.es/data/cms/disk/store/da RAl/v1/8008/317/392/00808/3ADC1ECE-D767-E811-BEC2-82163E01A136.root | 0000019

109AB82124BFFBO367COSD13FFB70 | AAWd3Fewybg:

| |2 1 | request 579113829 | 1.5809509886487913E9 | 877.2298492033507
:::> | Xrootd-2.7 | 3881827254 | 1317845693 | /pnfs/pic.es/data/cms/disk/store/data/Run2018B/T3 BQ0/317/392/00000/3ADC1ECE-D767-E811-BEC2-82163E01A136.root | 0000019

109AB82124BFFB@367CO5D13FFB78 | AAWd3KpQ31A: |

| 1.5809515834984841E9 | 1159.1698642535305
02/00000/3ADC1ECE-D767-E811-BEC2-02163E01A136.root | 0000019

| I | | 3 |1 | request
> | Xrootd-2.7 | 3881827254 | 1348721592 | /pnfs/pic.es/data/cms/disk/store/data/Run20188/T3

109AB82124BFFBO307COSD13FFB70 | AAWA3K6XEJg: |

| | | 4 i3 | remove
| NULL | 3881827254 | NULL

109AB82124BFFB@307CO5D13FFB7@ | 1582737442951-2617388

| 1.582741042951E9 | .0

Multiple XRootD accesses
(resolving IPs we know if they were
local/remate accesses)

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]
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Creating an unified table for analytics

Example illustrating the lifecycle of a file as represented in the fulltable:

| fulltable.dclient

| GFtp-2.0 | 3881827254

| NULL | 3881827254 | NuLL
109AB82124BFFB@307CO5D13FFB7@ | 1582737442951-2617388

| fulltable.bclient | fulltable.access_count | fulltable.reaccess_count | fulltable.action | fulltable.creation_date | fulltable.data
| fulltable.protocol | fulltable.fullsize | fulltable.read_dat

| 3881827254
109AB82124BFFB@387CO5D13FFB78 | 1579109561868000

| I | D |
| 1328316269

| Xrootd-2.7 | 3881827254
109AB82124BFFBO307CO5D13FFB70 | AAWd3Fewybg:
| 2
| Xrootd-2.7 | 3881827254 | 1317845693
109AB82124BFFB307CO5D13FFB70 | AAWA3KpQ31A:
| 3
| Xrootd-2.7 | 3881827254 | 1348721592
109AB82124BFFB307CO5D13FFB70 | AAWA3KEXEJg:
| I | | 4

| fulltable.corrected_path |

fulltable.pnfsid | fulltable.id_access
i . i B

| request | 1579113829

| 1.57911382928E9 | .8
| /pnfs/pic.es/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/000/317/392/00008/3ADC1ECE-D767-E811-BEC2-02163E01A136.root | 0000019

|4 | request | 1579113829 | 1.5809505081229715E9 | 1287.5535606057604
| /pnfs/pic.es/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/@00/317/392/00000/3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019

{1 | request | 1579113829 | 1.5809509886487913E9 | 877.2298492033507
| /pnfs/pic.es/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/000/317/392/00008/3ADC1ECE-D767-E811-BEC2-02163E01A136.root | 0000019

| 1 | request | 1579113829 | 1.5809515834984841E9 | 1159.1698642535305
| /pnfs/pic.es/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/@00/317/392/00000/3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019

| 2 | 1579113829 | 1.582741042951E9 | .0

/v1/000/317/392/60008/3ADC1ECE-D767-E811-BEC2-02163E01A136.root | 0000019

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]

File Removal
[if any]
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PIC

Creating an unified table for analytics

Example illustrating the lifecycle of a file as represented in the fulltable:

| fulltable.dclient | fulltable.bclient | fulltable.access_count | fulltable.reaccess_count | fulltable.action | fulltable.creation_date | fulltable.data | fulltable.data_desv
| fulltable.protocol | fulltable.fullsize | fulltable.read_data | fulltable.corrected_path | fulltable.pnfsid | fulltable.id_access |
o e e e T e e e T o e o Hrmmmmmmm e

.................................................

| request | 1579113829 | 1.57911382928E9

| GFtp-2.8 | 3881827254 | 3881 | /pnfs/pic.eh/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/600/317/392/00000/3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019
109AB82124BFFBA367CO5D13FFB78 | 1579109561868000
| 1 | request | 1579113829 | 1.5809505081229715E9 | 1287.5535606057604
| Xrootd-2.7 | 3881827254 | 1328 | /pnfs/pic.eb/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/@00/317/392/00000/ 3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019
109AB82124BFFBO307CO5D13FFB70 | AAWd3Fewybg:
1 | request | 1579113829 | 1.5809509886487913E9 | 877.2298492033507
| Xrootd-2.7 | 3881827254 | 1317 | /pnfs/pic.eh/data/cms/disk/store/data/Run20188/Tau/RAW/v1/600/317/392/00000/ 3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019
109AB82124BFFBO307CO5D13FFB70 | AAWA3KpQ31A:
1 | request | 1579113829 | 1.5809515834984841E9 | 1159.1698642535305
| Xrootd-2.7 | 3881827254 | 1340 | /pnfs/pic.ek/data/cms/disk/store/data/Run2018B/Tau/RAW/v1/@00/317/392/00000/ 3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019
109AB82124BFFB307CO5D13FFB70 | AAWA3KEXEJg:
| 1 | remove | 1579113829 | 1.582741042951E9 | .0
| NULL | 3881827254 | NULL | /pnfs/p a/cms/disk/store/data/Run20188/Tau/RAW/v1/000/317/392/00008/3ADCIECE-D767-E811-BEC2-82163E@1A136. root | 0000019
109AB82124BFFB@307CO5D13FFB7@ | 1582737442951-2617388
B T et et e T e e o
e e T e i i e LT i e T +

Access count Re-access count —<— Re-creations are traced with
[# actions on a file [if files have been deleted different PNFSids, so we trace
File popularity] and placed again in dCache] identical files by filenames

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]
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Creating an unified table for analytics

Example illustrating the lifecycle of a file as represented in the fulltable:

| fulltable.dclient | fulltable.bclient | fulltable.access_count | fulltable.reaccess_count | fulltable.action | fulltable.creation_date | fulltable.data | fulltable.data_desv
| fulltable.protocol | fulltable.fullsize | fulltable.read_data | fulltable.corrected_path | fulltable.pnfsid | fulltable.id_access |

+

| | request | 1579113829 | 1.57911382928E9 | .0

| GFtp-2.@ | 3881827254 | 3881827254 | /pnfs/pic.es/data/cms/disk/store/data/Run20188/Tau/RAW/v1/000/317/392/00000/ 3ADC1ECE-D767-E811-BEC2-62163E01A136. root | 0000019
109AB82124BFFBO307COSD13FFB78 | 1579109561868000 |
| I = 2 E T | request | 1579113829 | 1.5809505081229715E9 | 1287.5535606057684

| Xrootd-2.7 | 3881827254 | 1328316269 | /pnfs/pic.es/data/cms/disk/store/data/Run20188/Tau/RAW/v1/000/317/392/00000/ 3ADC1ECE-D767-E811-BEC2-82163E01A136. root | 0000019
109AB82124BFFBO307COSD13FFB70 | AAWd3Fewybg: |

| | 2 | 1 | request | 1579113829 | 1.5809509886487913E9 | 877.2298492033507

| Xrootd-2.7 | 3881827254 | 1317845693 | /pnfs/pic.es/data/cms/disk/store/data/Run20188/Tau/RA/v1/000/317/392/00000/3ADC1ECE-D767-E811-BEC2-02163E01A136. root | 0000019
109AB82124BFFBO307COSD13FFB70 | AAWA3KpQ31A: |
| | | 3 | 1 | request | 1579113829 | 1.5809515834984841E9 | 1159.1698642535305

| Xrootd-2.7 | 3881827254 | 1340721592 | /pnfs/pic.es/data/cms/disk/store/data/Run20188/Tau/RAW/v1/000/317/392/00000/ 3ADC1ECE-D767-E811-BEC2-82163E01A136. root | 0000019
109AB82124BFFBO307COSD13FFB70 | AAWA3KEXEDg: |
| | | 4 & | remove | 1579113829 | 1.582741042951E9 | 0.0

| NULL | 3881827254 | NULL | /pnfs/pic.es/data/cms/disk/store/data/Run20188/Tau/RAW/v1/000/317/392/00000/3ADC1ECE-D767-E811-BEC2-02163EQ1A136. root | 0000019
109AB82124BFFBO307COSD13FFB70 | 1582737442951-2617388 |
mmmmmmmm e eeeeeeee———ae fmmmmmmmm e 4mmmmmm e fmmm e fmmmmmmmm e e fmmmmmmm e —————ae mmmmmmm e
e e 4mmmmmmmm e fmmmmmm e e et T T T e e +

This table consolidates and distills all the essential information from dcache_billinginfo and
dcache_doorinfo. It takes a few hours to be created (for the full CMS records from 2017 to 2024),
creating a few intermediate and auxiliary tables. The results eases all of the posterior analysis

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]
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Creating an unified table for analytics

CREATE TABLE jflix.OneTable STORED AS ORC AS (
SELECT*, -
ROW_NUMBER() OVER (PARTITION BY corrected_path, pnfsid ORDER BY data) - 1 AS access_count, EEEEAcTIE TABLE jflix fulltable stored as orc AS
DENSE_RANK() OVER (PARTITION BY corrected_path ORDER BY creation_date) - 1 AS reaccess_count . .
FROM( f.dclient f.blient,
SELECT CASE WHEN f.pnfsid IN (
a.lient AS dclient, SELECT DISTINCT f.pnfsid
aaction, FR;):'l-E[U | y
adata, CREATE TABLE jflix.fulltable_prev STORED AS ORC AS id_access, pnfsi
[ASE SELECT FROM fulltable_prev
WHEN a.data_desv!=a.data_desv THEN 0.0 0r, : AVS“;ERE access—count = 0
ELSE a.data_desv b.bclient, o
0 10 ot baroocol SELECT initiator, pnfsid
apnfsid, b.transfersize AS read_data initiator, pnfsi o
a.corrected_path FROM FROM cosmohub.dcache_billinginfo
MAX(b.fullsize) AS fullsize, jflix.OneTable AS o ] A\gﬂ:’ERE isnew = true
Mo e o ON f.pnfsid = b.pnfsid
i jflix.acchill AS b ON (o.pnfsid = b.pnfsid AND o.id_access = b.id_access); : o
FRP['IJI:[UNIX_TlMBTAMP[hdatestamp]] A5 reatontae d oot i ) AND REGEXP_EXTRACT(b.initiator, ‘door:([A-Za-zeK1})-."7:(*2:|[0-9-K1,})’, 2) != f.id_access
o )
jo:SIX‘ACEDm e THEN access—count + 1
deache_billinginfo AS b ON a.pnfsid = b.pnfsid ELSE access_count
WHERE END AS access_count,
b.isnew = TRUE f.reaccess_count,f.action,f.creation_date,f.data f.data_desv,f.protocol f.fullsize,f.read_data,f.corrected_path f.pnfsid,f.id_access
\D b ! g FROM fulltable_prev as f;
AND b.datestamp > '2016-05-18
AND b.errorcode = 0
GROUP BY
a.client, a.action, a.data, a.data_desv, a.pnfsid, a.corrected_path, id_access
JASs
)
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PIC

Data popularity

Data MonteCarlo
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1. Data: All files containing information about real collision events. 2. MonteCarlo: Pertains to data generated from simulated collisions.
(a) RAW: Only includes RAW data. (a) RAW: Includes GEN-SIM-RAW and GEN-SIM-DIGI-RAW.
(b) RECO: Includes ALCARECO, RAW-RECO, and RECO. (b) RECO: Includes GEN-SIM-RECO, ALCARECO, and GEN-SIM-RAW-RECO.
(c) AOD: Includes AOD, MINIAOD, and NANOAOD. (c) AOD: Includes NANOAODSIM, AODSIM, and MINTAODSIM.




Data popularity dEe

It is noteworthy that a significant number of files have no recorded accesses

DATA MC
RAW | RECO | AOD | RAW | RECO | AOD
Before Rucio | 0.35 0.44 0.52 0.37 0.33 0.52
With Rucio 0.20 0.56 0.39 0.61 0.54 0.44

Comparison of percentage of non-accessed files with respect to total for each type of file before and after Rucio

How long these files lived in the storage? Of course, recent files have possibility of
not being accessed, but we observe many files that were never accessed, so the file
lifetime is a relevant parameter to assess the real impact for these type of files
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Lifetimes for accessed/non-accessed files

Files that were accessed
tended to remain in
storage for a longer

period—

Files persist longer

in storage with
Rucio compared to
the PhEDEX era —

HEPIX Autumn 2024 - dCache billingDB analytics [J. Flix]

Before RUCIO

With RUCIO
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IC

Lifetimes for accessed /non-accessed files 4%

# Loop for Data with access_count > 1
i=0
for key, value in Data.items():
sql="""
SELECT u.diff as bin, count(u.diff) as freq
FROM (
SELECT CAST((data-creation_date)/100 as int) as diff
from fulltable
where action="remove’
and access_count>1
and creation_date<1593561600
and corrected_path rlike 'pnfs/pic.es/data/cms/disk/store/(data)/.*?/.*2/({})/’
JASu
where u.diff is not null
GROUP BY u.diff
ORDER BY u.diff
""" format(value)
cursor.execute(sql)
rs = cursor.fetchall()
df = pd.DataFrame(rs)
df.columns = ['bins’, "freq’]
accum = np.array(np.cumsum(df['freq'T))
neg_perc_accum = 100. - accum / accum(-1]* 100.
ax[0][0].plot((100 * dfl'bins']) / 3600. / 24., neg_perc_accum, -, color=line_colors[i])
i+=1
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http://pic.es/data/cms/disk/store/(data)/.*?/.*?/(%7B%7D)/

File re-creations

Most files are stored on disk only once and, once deleted, are not re-uploaded.

However, some files may be created, deleted, and recreated multiple times, each

time with a new pnfsid

aal sy

Data
"l""l""l""I""l""l""l""l":
AOD files, the final stage in data processing E
and compression, are smaller and subject to
more frequent uploads and deletions — 3
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4 5 6 7
Number of recreations

Number of files

PIC
port d'informacid
cientifica

MonteCarlo

L B L L L B L R T T SRS LN A N N BN B

PN EPEFETETE PSS SPTErE ATATEErS SSTErAr AV SRR SR

" AAJlAAJLlLA‘
1 2 3 4 5 6 7 8 9 10 >11
Number of recreations

24



PIC

Re-creations for accessed/non-accessed files 4"

Files that were more re-created
tended to be the ones with no
accesses at all —

Files that were more re-created
tended to be the ones with no
accesses at all —
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Re-creations for accessed/non-accessed files 4"

DATA MonteCarlo
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Conclusions - next steps e

Demonstrated large-scale data analysis on dCache metadata using Hive at PIC
Analyzed long-term file characteristics for CMS across multiple years

Observed significant impact of non-accessed files, aligning with findings from
other centers (e.g., BNL)

Currently establishing automated injection of billingDB records into Hive,
creating a streamlined process for data extraction and analysis to support future
studies across multiple VOs, which include deployment of custom grafana views

New possibilities for integrating additional data sources, such as job
submissions from PIC's HTCondor batch system, or ESnet High-Touch for DC'24
and other network mini-challenges...
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