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PIC in numbers

Spanish WLCG Tier-1 centre → ~80% of resources
→ Provides ~5% of Tier1 data processing of CERN's LHC detectors ATLAS, CMS and LHCb

¼ of the Spanish ATLAS Tier-2 and a Tier-3 ATLAS data analysis facility → ~10% of resources

T2K [neutrinos], MAGIC and CTA [gamma-ray astronomy], PAU and EUCLID [cosmology], 
VIP [instrumentation], opportunistic access to LIGO/VIRGO and DUNE, among others...

CPU: 134 kHS06
Disk: 15.0 PB
Tape: 57.9 PB 

April 2022

Quite some increase in the last 6 months!
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PIC farm updates
237 compute nodes (10280 slots), under HTCondor v.9.0.11

  → Old servers deprecated; x24 new servers added (AMD EPYC 7452 - 128 cores total with HT) → ~40 kHS06
  → ~97% of compute nodes dual-stack; old hardware still in IPv4 (won’t be migrated)

2x HTCondor-CE v5.1.3-1.el7
3x ARC-CE v.6.15.1 (used by ATLAS and LHCb as HPC gateways - see later)

18 GPUs available via JupyterHub and (direct+Grid) access by some VOs, mostly used by 
LIGO/VIRGO

  → 8 GeForce RTX 2080 Ti, 8 Tesla V100-SXM2-32GB, 2 GeForce GTX 1050 Ti

A (popular) portal is available to select different profiles (CPU, mem, GPU) to spawn Jupyter 
Notebooks to the PIC HTCondor farm

Deployed a new Kubernetes cluster
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PIC storage updates
~15 PB running on dCache 6.2.33. Tests ongoing with dCache 7.2 (migration in May 2022)

    → New pools* [x18 new servers] 
            * SuperStorage 6029P-E1CR24H: 24 HDD SAS*18TB (~300 TB neto) - 2CPUs 2nd Gen Intel Xeon - 384 GB RAM

    → dCache pools in dual-stack
    → TPC enabled for HTTPs and XRootD and token authentication (PIC in DOMA testbeds)

StashCache deployed as docker container (OSG repo) for Virgo/Ligo

    → 3.2 TB - 95% occupancy
    → Running XRootD 5.4.2 (OSG 3.6)

xCache deployed (OSG repo) for the CMS experiment

    → 4TBx36, 16 cores L5630 (HT enabled), 48 GB RAM, 10 Gbps - 87% occupancy
    → Running XRootD 5.1.1
    → Caching *AOD* files off-site, being expanded to all of the compute nodes at PIC
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Expansion of the new tape library
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IBM TS4500 (40 PB capacity): 
    → 4 frames (L55+D55 + 2xS55) + 10 LT08 drives + 1 LT09 drive + media!
    → x10 new LT09 drives on the way to PIC

This library is expected to grow to host future data
    → It will host new data and data migrated from SL8500 library (ongoing)
    → Dedicated drives, frames and cartridges installed to handle this

All new ATLAS, CMS, LHCb, MAGIC data writes go to 
the IBM (LT08)
    → ATLAS migrations from the Oracle to IBM ongoing
    → Oracle library expected to be retired at some point this year

PIC currently runs Enstore 6.3.4-14 (CentOS7)
    → Started testing CTA as a potential replacement, in collaboration with FNAL
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Data Migrations to TS4500

Fully migrated all LHCb data from LT05 (~2PB) to LT07M8
LT05 technology deprecated at PIC

LT08 / LT07M8 - TS4500

LT05 - SL8500

T10KC - SL8500
T10KD - SL8500

TS4500
in production

Migration of ATLAS data started

TK10D cartridges (11.5 PB) - ATLAS

6 T10KD drives available

ATLAS real data first

2PB migrated so far

Fully migrated all CMS data (~8 PB) from T10KC to LT08
T10KC technology deprecated at PIC

ATLAS data
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Tape Challenge ‘22: tape PIC reads

Week#1: CMS [A-DT] Week#2: ATLAS [DT], CMS [DT], LHCb [DT] Week#3: ATLAS [A-DT], LHCb [A-DT]

* CMS [A-DT]

* LHCb [A-DT]

* ATLAS [A-DT]

x

~2.3 GB/s ~2.3 GB/s
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Tape Challenge ‘22: tape PIC writes

Week#1: CMS [A-DT] Week#2: ATLAS [DT], CMS [DT], LHCb [DT] Week#3: ATLAS [A-DT], LHCb [A-DT]

* CMS [DT]

* LHCb [DT]

* ATLAS [DT]x x

~2.6 GB/s
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Tape Challenge ‘22: e.g. CMS DT results

0.51 GB/s

1.13 GB/s

target

4 LT08 drives

Clear periods of no activity: not enough data accumulated, thus no data 
being copied to tape → when enough data is stored, transfer to tape resumes

Test configured locally to transfer all test data into a single tape family, using 4 
drives simultaneously when needed (at 280 MB/s/drive)
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Tape Challenge ‘22: results

Staging phase (A-DT): 

● queue lengths and pressure sufficient to prevent excessive tape remounts
● Surpassed the targets: x2 CMS, x2.5 ATLAS, x4.5 LHCb
● LT08 drives read rate ~200 MB/s

Transfer to tape phase (DT):

● Smooth for ATLAS, but for CMS and LHCb, intermittent transfer throughput (insufficient pressure from the T0)
● Delays (up to 24h) in flushing to tape coming from not sufficient data having accumulated in buffer → Once any of the thresholds is 

met, writing to tapes with all available drives (which is the expected working behaviour for a tape system)
● When writing data to tapes, the throughputs for CMS and LHCb were up a factor x2 as compared to the average value quoted in the 

summary tables
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Network upgrade at PIC
Successful network upgrade from 20 Gbps to 200 Gbps (29th June 2021)... But, the GEANT - REDIRIS (NREN) 
connection is not yet migrated to 100Gbps.

On 28th March, the LHCONE was finally upgraded to 50 Gbps… Missing the LHCOPN upgrade yet at the 
moment. We don't have a defined ETA from GEANT at this time. 

LHCOPN saturation @ 10 Gbps

LHCONE @ 50 Gbps
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PIPELINE

Use of the BSC by ATLAS PIC Tier-1

Using two ARC-CEs at PIC to interconnect MareNostrum and ATLAS production system

Only simulation workflow validated - singularity containers, with official ATLAS SW releases 

pre-placed at MareNostrum GPFS

MareNostrum accepts only SSH protocol for job submission and data transfer
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Use of the BSC by ATLAS PIC Tier-1

Submitting ATLAS payloads to BSC from PIC Tier-1 since 2018, in production since 2019

Other gateways available at the Spanish ATLAS Tier-2s

~10 million hours approved and used at BSC every quarter by the Spanish ATLAS colleagues

ATLAS Sim Jobs in Spain [last 6 months]

→ At CHEP2021 proceedings (link)

PIC-BSC

PIC-HTC

ATLAS Sim Jobs in Spain [last 6 months]

87% of simulation work done at BSC 62% of simulation work sent through PIC

https://www.epj-conferences.org/articles/epjconf/abs/2021/05/epjconf_chep2021_02021/epjconf_chep2021_02021.html
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Use of the BSC by CMS PIC Tier-1

CMS 
Workload 
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(a) CMS resource requests submission to PIC (pilot job)
(b) Bridge node acquires resources at BSC for CMS tasks
(c) Input sandbox transferred from CMS schedd to PIC startd, 
then to BSC starter via sshfs for job execution
(d) Upon task completion, output sandbox back to CMS 
schedd, while output dataset copied to PIC storage (DTS 
acting as third party copy manager) PIC and HTCondor team collaboration to use a 

shared FS as control path for HTCondor→ At CHEP2021 proceedings (link)
→ At ISGC 2022 (link)

https://www.epj-conferences.org/articles/epjconf/abs/2021/05/epjconf_chep2021_02020/epjconf_chep2021_02020.html
https://indico4.twgrid.org/event/20/contributions/1103/
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Use of the BSC by CMS PIC Tier-1

Current status

- Ready for operations

- Interaction with BSC execute nodes through the login node, mounting the shared 
   FS through sshfs and sending jobs to the Slurm scheduler via ssh. Slurm jobs 
   launch a HTCondor slot that joins the CMS Global Pool

- CMS Software modified to accept sql files for conditions data at runtime

- Using cvmfs_preload to bring cvmfs CMS files to BSC. Two weeks to copy ~37M 
   files (13 TB), at first injection. cvmfsexec used to build the cvmfs file structure

- Tested CMSSW >= 11.2 execution based on cvmfs copy, reading conditions data 
   in a file and producing meaningful outputs

- Stage-out + Data Transfer Manager designed to transfer output data to PIC

- Integrated with WMAgent @ CERN - Accounting to APEL ongoing

- A New grant of 6.5 Mhours sent (typical quarter allocation for CMS)Recent scale tests by CMS @ BSC
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Use of the BSC by CMS PIC Tier-1

Monitoring and alarms 
deployed for the new 
data transfer service

BSC → PIC
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Use of the BSC by LHCb
LHCb testing similar technical implementations (ARC-CE02.PIC.ES) to exploit BSC resources - 
submitting grants to BSC as ATLAS and CMS

LHCb
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PIC data injector (ESCAPE)
Rucio integrated to PIC Kubernetes cluster to handle the MAGIC and LST transfers

● New implementations to discover new files to be transferred to PIC and update file transferring states

● New endpoint configuration for LST at HPCI - UTokyo, which will enable PIC-UTokyo transfers, a valid test for 
trans-continental transfers (CTA South in Chile will transfer to Europe, in operation)

Satisfactory deployment of DIRAC+Rucio in the PIC Kubernetes cluster and integrated in 
CTA-Grid



HEPiX Spring 2022 / Virtual [J. Flix] 19

PIC enters the ICTS map
PIC has been included in the new map of the Singular Scientific and Technical 
Infrastructures (ICTS) of Spain, as a node of the Spanish Supercomputing Network (RES)

In 2019 the Ministry broadened RES scope to include data services. PIC applied to an 
open call to add new data nodes and now is part of the RES since Sep 2020

The inclusion of PIC in the new ICTS map* is a milestone, as it will open up new funding 
opportunities with other spanish research groups facing data analysis challenges

www.res.es
* More information on IFAE News

http://www.res.es
https://ifae.us11.list-manage.com/track/click?u=04e73a7c8cf2679d5845dbcd4&id=a5983fc7ac&e=27b1717418
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Funding news 
New infrastructure projects approved:

- Storage system expansion (disk and tape): 1 M€
- (new) BigData (hadoop) cluster for cosmology data analysis: 400 k€

PIC selected as one of the four CTA datacenters - dedicated funding for the 5 years 
construction period granted

Complementary programme 2022-2025

‒ Astro+HEP: ∼1M€ for MM astronomy analysis platform at PIC (equip. + personnel)
‒ Advanced Materials: ∼1M€ + 2 FTE for EM data handling. PIC offline, ALBA-IT online

→ Focus: ML platform to analyze electron microscopy image data
→ Will hire new personnel to work on Machine Learning that will be the seed of a new 
     group on "Applied AI" at PIC
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Questions?
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