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Abstract

The ever growing increase of computing power necessary for the storage and data analysis of the HEP
experiments at CERN requires performance optimization of the existing and planned IT resources.
One of the main computing capacity consumers in the HEP software workflow is the data analysis. To
optimize its resource use, the ALICE Collaboration has introduced the concept of Analysis Facility
(AF) in its Run 3 computing model. The AFs are special computing centres with a combination of
CPU and fast interconnected disk storage resources, allowing for rapid turnaround of analysis tasks
on a subset of data. This in turn allows for optimization of the analysis process and the codes before
the analysis is performed on the large data samples on the WLCG Grid. In this paper, the structure
and the first benchmark tests of the Wigner AF are presented, a dedicated site, that has been designed
for CERN ALICE data processing for the Run 3 period (2022-2025).
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1 Introduction

During the Large Hadron Collider (LHC) [1] Long Shutdown 2 (LS2) period, the ALICE [2] experiment
underwent an important upgrade of its detector, readout hardware, and the associated online and offline
software. The goal of the upgrade was to enable the experiment to pursue new physics in the Run 3 period
(2022-2025) and beyond by increasing the detector capabilities and the collected data sample, both in
terms of number of events and data rate. As a consequence of the larger than Run 1 and Run 2 event
samples, the efficiency of the data processing and Monte Carlo simulations also needs to be optimized for
faster event generation and processing. Furthermore, in order to improve maintainability and scalability,
and to ease the burden of the future computational challenges, it is essential to keep the infrastructural
costs (electricity, High Throughput Computing hardware) within the foreseen regional funding envelope.

The data processing and simulation is performed at the Worldwide LHC Computing Grid in a hierarchical
infrastructure. From 2013 to 2019 the main centre in the Grid hierarchy, Tier 0 (T0) was geographically
split between CERN and the Wigner Research Centre for Physics in Budapest. However, as a result
of the rapid technological improvement, the paradigm change in the CERN operation model resulted in
the end of the life of the T0 Budapest site during the LS2. Nevertheless, as of 2021, the hardware and
infrastructure remaining at the Wigner site are still not obsolete and can be used for data processing.
Therefore, our purpose is to utilize the already available hardware and set up a specialized Analysis
Facility (AF) [3], in order to improve the offline computing capabilities of the ALICE Collaboration [4].

2 Structure of the ALICE Wigner Analysis Facility

Fig. 1: The structure of the a single cell.

The majority of the Wigner AF is built from the legacy
T0 hardware, whose processing units consist of AMD
Opteron 6276 CPUs [5]. Since one of the main purpose
of such analysis facilities is to effectively process a con-
siderable amount, O(few PB) of data on a daily basis
while being able to scale up the resources, O(15%) per
year, it is essential to have a modular design for both the
storage and compute parts and to ensure high bandwidth
communication between them.

After several hardware tests and bandwidth optimiza-
tion cycles, a dual rack-based ’cell’ has been chosen
as scalable unit of the Wigner AF. Such a standalone
working unit is composed by compute, frontend, stor-
age, and services elements, as illustrated in Fig. 1. Each
of the 8 compute chassis includes 4 dual processor ma-
chines, totaling 1024 threads per cell. The cells process
the analysis jobs submitted through a dedicated interface
called VO Box [6], which serves as an entry point of
the AF from the global ALICE Grid infrastructure. The
AF local services consist of HTCondor [7], HTCondor-
CE [8], and Singularity [9]. The ALICE specific soft-
ware environment is accessed through the CernVM File
System [10], while the OS level orchestration of the
machines is achieved through the Metal-As-A-Service
(MAAS) data centre automation developed by Canon-
ical [11]. The storage element of a cell consists of a
JBOD chassis with 24 disks, controlled by the machines
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of the frontend chassis through XRootD [12] and EOS [13–16] services and daemons. The collection
of such File Storage Server (FST) nodes is managed by the Management Server. The co-location of
compute, storage, and network nodes in the same cell serves the purpose of assuring a fast data transmis-
sion required by the analysis workflow. The high-speed internal communication between the nodes is
ensured by HP ProCurve 6600-24XG (J9265A) switches [17]. Utilizing the SFP+ 10 GbE ports, a high
bandwidth of 10 Gbps is achieved within a cell and also between different cells.

Two chassis are maintained in the first working cell for special purposes. For future developments, a
compute chassis is dedicated to machines with accelerator cards (GPUs), while the machines of another
compute chassis serve management roles.

2.1 Computing capacity and network connectivity

The current setup of the Wigner AF is comparable to a mid-sized Tier 2 site, consisting 4 cells (8 racks
in total). The total storage and computing power of the site is summarized in Table 1 for the period until
September 2021.

Table 1: The summary of the total resources of the Wigner AF by September 2021.

Total Storage Size Total Computing Resource
2 redundant MGM nodes HTCondor and HTCondor-CE

32 FST node Queues for single-core and multi-core jobs
24×3 TB raw capacity per FST node 114 worker nodes

Total raw capacity: ∼2.2 PB 32 vCPU, 64 GB RAM for each node
Usable capacity with RAID-1: ∼1.1 PB 3648 logical cores in total

The Analysis Facility is located at the KFKI campus, Budapest and it is part of the Wigner Datacenter,
which is connected to the GEANT network by a 10 GBps link. The main components are displayed in
Fig. 2, presenting all the required management, service, storage, and computational resources.

Fig. 2: The schematic view of the Wigner ALICE AF’s services.

3 Utilization of the computing resources

In parallel with the hardware installation, a set of performance and optimization tests were performed.
On the left panel of Fig. 3 the number of running jobs is plotted as a function of time. The execution
of the first, pilot jobs occurred in late 2020, still during the hardware and software setup phase of the
AF, while the production period with a high job success rate started in February, 2021. In late March a
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second job queue was introduced for 8-core jobs (i.e. for jobs that require multi-threaded execution). It
should be noted that the site was continuously tested and developed in order to fine-tune its performance,
therefore the job number was fluctuating in time.

On the right panel of Fig. 3 the utilization percentage of the available computing pool at a given date is
shown. The orange Mixed queue bars are indicating the period when jobs with variable parallelization
have been submitted to the multi-core queue, therefore the indicated rate is only a minimum value and
the real utilization cannot be estimated precisely.

Fig. 3: The number of the running jobs and the total utilization of the pool (see text for details).

4 Benchmark results

In the ALICE analysis chain a dedicated framework called Hyperloop is utilized to optimize the payload
throughput. The submitted tasks are combined together in so called trains [18] based on the requested
input data set, thus several analyses can process the same data, optimizing the access to the storage and
reducing the storage load. The tests were done on Run 2 Pb–Pb data converted to Run 3 format, which
were transferred to the Wigner AF site.

The performance tests were done using two job queues: one for single-core jobs and one for 8-core jobs.
For each queue type, trains with 50-200 jobs were submitted. At the time of writing of this note, the
multi-core jobs are not fully optimized, therefore a future improvement is expected. Beside the data
processing capabilities of the infrastructure, the raw I/O rate was also tested. In these cases jobs without
real analysis payload were submitted, therefore the data access speed could be measured. The overall
results of the benchmarks are summarized in Table 2.

Table 2: Main performance metrics for analysis jobs.

Measures 1-core queue 8-core queue
Job success rate 100% 99 %
Raw I/O rate 14.5 MB/s 29.1 MB/s
Analysis throughput (job overhead:

3.8 MB/s 4.4 MB/s
startup, saving is included)

The tests show that adequate success rate is reached for both queue types. By extrapolating the rate for
the current computing capabilities of the Analysis Facility, the estimated total throughput is 13.53 GB/s
for the 1-core queue and 1.95 GB/s for the 8-core queue, projecting an estimated analysis throughput of
1.11 PB/day for the 1-core queue and 165.3 TB/day for the 8-core queue with the currently installed AF
capacity.
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5 Conclusions

The ALICE Wigner Analysis Facility is installed and operated at the Wigner Datacenter utilizing the
hardware and the infrastructure used at the CERN’s Tier 0 Budapest site. The main aspects during the
designing phase of the AF were to keep the maintenance and upgrade costs reasonably low while opti-
mizing the internal network between the different modules, therefore maximizing the data throughput.
The first performance tests show a good throughput for both 1-core and 8-core analysis jobs, though the
8-core jobs are still to be optimized. Thanks to the modular design of the AF, the currently estimated
0.16-1.11 PB/day throughput can be further improved and upscaled with moderate effort, by introducing
more modules to the infrastructure.
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