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Abstract ID : 1

The Front-End Electronics and the Data Acquisition
System for a Kinetic Inductance Detector

Abstract

The Data Acquisition System (DAQ) and the Front-End electronics for an array of Kinetic
Inductance Detectors (KIDs) are described. KIDs are superconductive detectors, in which
electrons are organized in Cooper pairs. Any incident radiation could break such pairs gen-
erating quasi-particles, whose effect is increasing the inductance of the detector. Electrically,
any KID is equivalent to a parallel RLC resonant circuit. An array of N KIDs is composed
of N pixels, each one resonating on its own frequency. A feed line passes close to each KID
and delivers a unique Stimulus signal containing all the resonant frequencies. If one of the
KIDs was hit by some radiation, its inductance would change and the corresponding sine
component in the readout signal would have its intensity reduced and its phase shifted.
The DAQ system we developed is a hardware/software co-design, based on state machines
and a Microprocessor embedded into an FPGA. A commercial DAC/ADC board is used
to interface the FPGA to the analog environment of the array of KIDs. The DAQ system
generates a Stimulus signal for an array of up to 128 KIDs, by creating and adding up
128 sinusoids parted by one MHz. The Stimulus is in the form of a Look-Up Table and
it is provided to the DAC device. The analog signal generated is up-mixed with a 3 GHz
carrier wave and it then travels through the KIDs array. The read-out signal from the
detector is down-mixed with respect to the 3 GHz sine wave and it is read back by the ADC
device. The microprocessor stores the read out data via a PCI bus into an external disk. It
also elaborates the Fast Fourier Transform of the acquired read out signal: this allows to
extrapolate which KID interacted and the energy of the impinging radiation. Simulations
and tests have been performed successfully and experimental results are presented.
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Abstract ID : 3

The Effect of NUMA Tunings on CPU Performance

Abstract
Non-uniform memory access (NUMA) is a memory architecture for symmetric multiprocessing
(SMP) systems where each processor is directly connected to separate memory. Indirect access
to other CPU’s (remote) RAM is still possible, but such requests are slower as they must
also pass through that memory’s controlling CPU. In concert with a NUMA-aware operating
system, the NUMA hardware architecture can help eliminate the memory performance
reductions generally seen in SMP systems when multiple processors simultaneously attempt
to access memory.
The x86 CPU architecture has supported NUMA for a number of years. Modern operating
systems such as Linux support NUMA-aware scheduling, where the OS attempts to schedule
a process to the CPU directly attached to the majority of its RAM. In Linux, it is possible
to further manually tune the NUMA subsystem using the “numactl” utility. With the
release of Red Hat Enterprise Linux (RHEL) 6.3, the “numad” daemon became available in
this distribution. This daemon monitors a system’s NUMA topology and utilization, and
automatically makes adjustments to optimize locality.
As the number of cores in x86 servers continues to grow, efficient NUMA mappings of
processes to CPUs/memory will become increasingly important. This presentation gives
a brief overview of NUMA, and discusses the effects of manual tunings and numad on the
performance of the HEPSPEC06 benchmark.
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Abstract ID : 17

Performance evaluation of the ATLAS IBL
Calibration

Abstract
With the installation of the Insertable B-Layer in 2014 the Pixel Detector of the ATLAS
experiment has been extended by about 12 million pixels. Scanning and tuning procedures
have been implemented by employing newly designed read-out hardware which is now able to
support the full detector bandwidth even for calibration. The hardware is supported by an
embedded software stack running on the read-out boards. Compute-intensive operations that
are necessary during the calibration process are performed on a small cluster of commodity
servers, which are included in the ATLAS TDAQ framework. In order to exploit the
potential of this heterogenious data processing architecture to significantly speed-up detector
calibration, timing and performance of the various software components is critical.
We present a timing model including the hardware and software components and procedures
that are involved in the calibration process. By instrumenting these components at critical
locations we are then able to accurately evaluate the timing of a calibration scan, analyze
the performance, and eventually locate and eliminate bottlenecks in the chain.
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Abstract ID : 21

Data Acquisition for the New Muon g-2 Experiment
at Fermilab

Abstract
A new measurement of the anomalous magnetic moment of the muon, aµ ≡ (g − 2)/2, will
be performed at the Fermi National Accelerator Laboratory. The most recent measurement,
performed at Brookhaven National Laboratory and completed in 2001, shows a 3.3-3.6
standard deviation discrepancy with the standard model value of g-2. The new measurement
will accumulate 20 times those statistics, measuring g-2 to 0.14 ppm and improving the
uncertainty by a factor of 4 over that of the previous measurement.
The data acquisition system for this experiment must have the ability to create deadtime-free
records from 700 µs muon spills at a raw data rate 18 GB per second. Data will be collected
using 1296 channels of µTCA-based 800 MSPS, 12 bit waveform digitizers and processed in
a layered array of networked commodity processors with 24 GPUs working in parallel to
perform a fast recording of the muon decays during the spill. The system will be controlled
using the MIDAS data acquisition software package. The described data acquisition system
is currently being constructed, and will be fully operational before the start of the experiment
in 2016.
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Abstract ID : 27

Optimizing the transport layer of the ALFA
framework for the Intel Xeon Phi co-processor

Abstract
ALFA is the common framework of the next generation software for ALICE and FAIR high
energy physics experiments. It supports both offline and online processing which includes
ALICE DAQ/HLT/Offline and the FairRoot project. The framework is designed based on a
data-flow model with message-oriented middleware (MOM) serving as a transport layer. By
using multiple data-flows concurrently it facilitates parallel processing which maps naturally
to emerging multi-core and many-core computing architectures.
With the introduction of the Intel Xeon Phi co-processor in the industry it is interesting
to investigate whether it can be used by ALFA to increase the processing efficiency. The
co-processor can be used in three main computing modes. These are offload in which portions
of code are accelerated on the device, native where the full program is executed on the device
and symmetric where complete tasks are executed on the device and the host processor. For
acceleration via offloading there are many competitive platforms such as GPUs and FPGAs.
Although Xeon Phi can be used as an accelerator, it is particularly interesting to investigate
the possibility of utilizing the co-processor in the symmetric mode of operation. Since it
is x86_64 compatible it is possible to port complete task processes to the device and take
advantage of the manycore architecture. It is also worth noting that the next generation of
the Xeon Phi codenamed Knights Landing (KNL) will be manufactured in a socket variant
as well. The research of using the co-processor as an independent node as opposed to just
an offload accelerator can serve as a preliminary study for the future KNL servers.
The software components ported to the device will be connected with the rest of the system
via the transport layer therefore there is strong motivation to optimize it for Xeon Phi. The
metrics against which it is optimized are throughput, latency and energy consumption,
with throughput being the primary target. The two core MOM technologies of choice for
ALFA are ZeroMQ and NanoMSG. The out-of-the box versions of these libraries use primarily
TCP as the transport protocol which is known to provide limited performance on Xeon Phi
in terms of data transfer throughput. In this effort these libraries are extended with support
for SCIF, the Xeon Phi native transport protocol over PCIe and additionally with the
Co-processor Communication Link (CCL), an RDMA technology used for efficient internode
communication. By introducing these extensions we will demonstrate improvements in the
data transfer performance by collecting performance monitoring results both in isolation
with micro-benchmarks and integrated in the ALFA framework with the respective transport
layer benchmark. A successful completion of the optimizations of the transport layer will
improve the performance of NanoMSG and ZeroMQ on Xeon Phi. This achievement will
potentially make this architecture a viable choice for certain use cases for ALFA which will
further enrich its heterogeneous computing capabilities.
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Abstract ID : 34

Upgrade of the ATLAS Level-1 Trigger with event
topology information

Abstract
The Large Hadron Collider (LHC) in 2015 will collide proton beams with increased luminosity
from 1034 up to 3 × 1034 cm−2 s−1. ATLAS is an LHC experiment designed to measure
decay properties of highly energetic particles produced in these proton-collisions. The high
luminosity places stringent physical and operational requirements on the ATLAS Trigger in
order to reduce the 40 MHz collision rate to an event storage rate of 1 kHz, thereby retaining
events with valuable physics content. The hardware-based first ATLAS trigger level (Level-1)
has an output rate of 100 kHz and decision latency of less than 2.5 µs. It is composed of
the Calorimeter Trigger (L1Calo), the Muon Trigger (L1Muon) and the Central Trigger
Processor. In 2014, there will be a new trigger system has been added: the Topological
Processor System (L1Topo system).
The L1Topo system consists of a single AdvancedTCA shelf equipped with three L1Topo
processor blades. It processes detailed information from L1Calo and L1Muon in individual
state-of-the-art FPGA processors to derive desitions based on the topology of each collision
event. Such topologies are the angles between jets and/or leptons or global event variables
based on lists of pre-selected/-sorted objects. The system is designed to receive and process
up to 6 Tb/s of real time data. The talk is about the relevant upgrades of the Level-1 trigger
with focus on the topological processor design and commissioning.
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Abstract ID : 38

Tracking with GPGPUs in the ATLAS experiment

Abstract
The ATLAS experiment has been designed to analyse proton-proton and heavy ion collision
events produced at the LHC at a very high rate, both for the online trigger selection and
during offline data reconstruction. Considering the future detector upgrades, demands on
computing power will become even higher and new paradigms must be adopted for fast
data processing. General Purpose Graphical Processing Units (GPGPU) can be used in
a novel approach based on massive parallel computing. The immense computation power
provided by GPGPUs is expected to reduce the computation time and speed-up low-latency
applications for fast decision taking.
In this contribution we show how GPGPU based computing can be used for tracking
applications: we discuss track finding, fitting and reconstruction algorithms, both for real
time triggering and offline reconstruction purposes. The performance of parallel algorithms
is compared to that of currently used tracking methods. Their interface to the ATLAS CPU
based computing framework is presented.
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Abstract ID : 39

Triggering events with GPUs at ATLAS

Abstract
The growing size and complexity of events produced at the high luminosities expected in
2015 at the Large Hadron Collider demands much more computing power for the online
event selection and for the offline data reconstruction than in the previous data taking
period. In recent years, the explosive performance growth of low-cost, massively parallel
processors like Graphical Processing Units (GPUs) - both in computing power and in low
energy consumption - make GPUs extremely attractive for solving the challenging computing
tasks of high energy physics experiment like ATLAS.
After the optimisation of the computing intensive algorithms and their adaptation to GPUs,
thus exploiting the paradigm of massively parallel computing, a small scale prototype of the
full reconstruction chain of the ATLAS High Level Trigger under inclusion of the GPU-based
algorithms has been implemented. We discuss the integration procedure of this prototype,
the achieved performance and the prospects for the future.
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Abstract ID : 40

gFEX, the ATLAS Calorimeter Level 1 Real Time
Processor

Abstract

The global feature extractor (gFEX) is a component of the Level-1 Calorimeter trigger
Phase-I upgrade for the ATLAS experiment. It is intended to identify patterns of energy
associated with the hadronic decays of high momentum Higgs, W, & Z bosons, topquarks,
and exotic particles in real time at the LHC crossing rate. The single processor board
will be implemented as a fast reconfigurable processor based on four largeFPGAs. The
board will receive coarse-granularity information from all the ATLAS calorimeters on 264
optical fibers with the data transferred at the 40 MHz LHC clock frequency. The gFEX will
be controlled by a single system-on-chip processor, ZYNQ, that will be used to configure
FPGAs, monitor board health, and interface to externalsignals. Although the board is being
designed specifically for the ATLAS experiment, itis sufficiently generic that it could be used
for fast data processing at other HEP or NP experiments. We will present the design of the
gFEX board and discuss how it is beingimplemented.
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Abstract ID : 52

Online-Analysis of Hits in the Belle-II Pixeldetector
for Separation of Slow Pions from Background

Abstract

The impending Upgrade of the Belle experiment is expected to increase the generated data
set by a factor of 50. This means that for the planned pixeldetector, which is the closest
to the interaction point, the data rates are going to increase to over 20 GB/s. Combined
with data generated by the other detectors, this rate is too big to be efficiently send out to
offline processing. This is makes the employment of online data reduction schemes necessary,
in which background is detected and rejected in order to reduce the data rates. In this
paper an approach for efficient online data reduction for the planned pixeldetector of Belle-II
is presented. The approach centers around the usage of an algorithm, the NeuroBayes,
that is based on multivariate analysis, allowing the identification of signal and background
by analysing clusters of hits in the pixeldetector on FPGAs. The algorithm is leveraging
the fact that hits of signal particles can have very different characteristics, compared to
background, when passing through the pixeldetector. The applicability and advantages in
performance are shown through the D* decay. In Belle-II these decays produce pions with
such a small transversal momentum, that they barley escape the pixel detector itself. In a
common approach like extrapolation of tracks from outer detectors to RoIs, these pions are
simply lost, since they do not reach all necessary layers of a detector. Meanwhile usage of
the cluster analysis succeeds in separating those pions from background, allowing to retain
the data. For that characteristics of corresponding hits, like the total amount of charge
deposited in the pixels, are used for separation. The capability for effective data reduction is
underlined by a background reduction of at least 90% and signal efficiency of 95 %, for slow
pions. An implementation of the algorithm for usage on Virtex-6 FPGAs, that are used at
the pixeldetector, was performed. It is shown that the resulting implementation succeeds in
replicating the efficiency of the algorithm, implemented in software, while throughputs that
suffice hard realtime constraints, set by the read out system of Belle-II, are achieved and
efficient use of the resources present on the FPGA is made.
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Abstract ID : 66

Kalman Filter Tracking on Parallel Architectures

Abstract
Power density constraints are limiting the performance improvements of modern CPUs. To
address this we have seen the introduction of lower-power, multi-core processors, but the
future will be even more exciting. In order to stay within the power density limits but still
obtain Moore’s Law performance/price gains, it will be necessary to parallelize algorithms to
exploit larger numbers of lightweight cores and specialized functions like large vector units.
Example technologies today include Intel’s Xeon Phi and GPGPUs.
Track finding and fitting is one of the most computationally challenging problems for event
reconstruction in particle physics. At the High Luminosity LHC, for example, this will be
by far the dominant problem. The need for greater parallelism has driven investigations of
very different track finding techniques including Cellular Automata or returning to Hough
Transform. The most common track finding techniques in use today are however those based
on the Kalman Filter. Significant experience has been accumulated with these techniques on
real tracking detector systems, both in the trigger and offline. They are known to provide
high physics performance, are robust and are exactly those being used today for the design
of the tracking system for HL-LHC.
Our previous investigations showed that, using optimized data structures, track fitting with
Kalman Filter can achieve large speedup both with Intel Xeon and Xeon Phi. We report here
our further progress towards an end-to-end track reconstruction algorithm fully exploiting
vectorization and parallelization techniques in a realistic simulation setup.
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Fast TPC online tracking on GPUs and
asynchronous data-processing in the ALICE HLT to

enable online calibration

Abstract
ALICE (A Large Heavy Ion Experiment) is one of the four major experiments at the Large
Hadron Collider (LHC) at CERN, which is today the most powerful particle accelerator
worldwide. The High Level Trigger (HLT) is an online compute farm of about 200 nodes,
which reconstructs events measured by the ALICE detector in real-time. The HLT uses a
custom online data-transport framework to distribute the data and the workload among the
compute nodes.
ALICE employs several subdetectors that are sensitive to calibration, e.g. the TPC (Time
Projection Chamber). For a precise reconstruction, the HLT has to perform the calibration
online. Online-calibration can make certain offline calibration steps obsolete and can thus
speed up offline analysis. In ALICE Run 3 starting in 2020, online calibration becomes
a necessity. The main detector used for track reconstruction is the TPC. Reconstructing
the trajectories in the TPC is the most compute-intense step during event reconstruction.
Therefore, a fast tracking implementation is of great importance. Reconstructed TPC tracks
build the basis for the calibration making a fast online-tracking mandatory.
We present several components developed for the ALICE High Level Trigger to perform fast
event reconstruction and to provide features required for online calibration.
As first topic, we present our TPC tracker, which employs GPUs to speed up the processing,
and which bases on a Cellular Automaton and on the Kalman filter. Our TPC tracking
algorithm has been successfully used in 2011 and 2012 in the lead-lead and the proton-lead
runs. We have improved it to leverage features of newer GPUs and we have ported it to
support OpenCL, CUDA, and CPUs with a single common source code. This makes us
vendor independent.
As second topic, we present framework extensions, which are required for online calibration.
The extensions, however, are generic and can be used for other purposes as well. We have
extended the framework to allow asynchronous compute chains, which are required for
long-running tasks e.g. for online calibration. And we describe our method to feed in
custom data sources in the data flow. This can be external parameters like environmental
temperature required for calibration and this can also be used to feed back calibration results
in the processing chain.
Overall, the work presented in this contribution makes the ALICE HLT ready for online
reconstruction and calibration for the LHC Run 2 starting in 2015.
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Abstract ID : 101

Evaluating the power efficiency and performance of
multi-core platforms using HEP workloads

Abstract

As Moore’s Law drives the silicon industry towards higher transistor counts, processor
designs are becoming more and more complex. The area of development includes core
count, execution ports, vector units, uncore architecture and finally instruction sets. This
increasing complexity leads us to a place where access to the shared memory is the major
limiting factor, making feeding the cores with data a real challenge. On the other hand,
the significant focus on power efficiency paves the way for power-aware computing and less
complex architectures to data centers. In this paper we try to examine these trends and
present results of our experiments with “Haswell-EP” processor family and highly scalable
HEP workloads.
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Abstract ID : 202

Matrix Element Method for High Performance
Computing platforms

Abstract
The Matrix Element Method (MEM) is a well known powerful approach in particle physics to
extract maximal information of the events arising from the LHC pp collisions. Compared to
other methods requiring trainings, the MEM allows direct comparisons between a theory and
the observation. Since the phase space has a higher dimensionality to explore, MEM is much
more CPU time consuming at the analysis level than classic methods. As a consequence,
this method is hardly exploitable with sequential implementation, in particular, when one
has to deal with channels with large backgrounds. For the upcoming LHC data-taking, this
issue will become even more crucial.
The major challenge of this project is to provide a MEM implementation based on widely
used standards such as MPI and OpenCL, which, taking advantage of multi-acccelerators
and multi-node architectures, offers a drastic speed-up with low cost technologies.
In this talk, we will present how, in the context of the CMS experiment, we parallelized the
MEM with the OpenCL abstract model and the memory distributed model (MPI layer).
We will describe the necessary work on the different ingredients: the Parton Distribution
Functions library (LHAPDF), the computation of the matrix element (MadGraph) and
a small subset of ROOT tools. In addition, we will focus on the main tricky points to
have access to an implementation of quality, e.g. uncorrelated random number sequences,
minimizing synchronizations, minimizing the number of kernel calls. Finally, we will present
the performance obtained on various platforms : CPUs, GPGPU, MIC, multi-GPGPUs or
MICs, and cluster of GPU-nodes.
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Abstract ID : 243

ROOT/RooFIT optimizations for Intel Xeon Phi’s -
first results

Abstract
In the past, grid worker nodes struck a reasonable balance between the number of cores,
the amount of available memory, available diskspace and the maximum network bandwidth.
This led to an operating model where worker nodes were “carved up” into single core job
slots, each of which would execute a HEP workload job. Typical worker nodes would have
up to 16 computing cores , with roughly 2 GB RAM and 32 GB scratch space per job slot.
In the last few years the number of threads and cores per processor has risen rapidly. With
the advent of multi-core, many-core and GPU computing the number of cores is expected to
rise even more. This leads to an imbalance on modern worker nodes, where the “job per
core” model is no longer a valid option. In view of these development the desire, or perhaps
even the necessity, to run programs in parallel has also increased. However, the process of
transforming the HEP software to run in parallel has been slow and painful.
One of the more recent development in the GPU and many-core computing field has been
the introduction of the Intel Many Integrated Core architecture, known now as the Intel
Xeon Phi. The Xeon Phi is a PCI-Express adapter with up to 16 GB of RAM on board
and with up to 61 cores, each capable of running 4 threads. The Xeon Phi has a theoretical
performance of more than 1 TFLOPS.
Initial attempts to port HEP code to the Xeon Phi has not produced the expected results
and often a performance decrease has been seen, instead of an increase. This has also been
reported by non-HEP researchers, and slowly the reasons for this are becoming known. Using
the proper optimization techniques it is possible to achieve 1 TFLOPS, but this requires
substantial effort in rewriting and optimizing the application. The main bottleneck here is
that the Xeon Phi should not be regarded “61 independent cores” but instead it should be
seen as a vector instruction machine. By properly vectorizing an application the performance
can improve significantly. This also applies when porting an application to GPUs.
In this talk we will focus on porting and optimizing ROOT, and in particular RooFIT to
the Intel Xeon Phi. A zero-order port does indeed show a decrease in performance, but by
analyzing and optimizing the ‘hot spots’ in the code the performance can be improved. It
is vital to validate the results of the ported application, however: the Xeon Phi version of
RooFIT must produce the same results as the single-core version.
Most interesting is the fact that code optimized for the Xeon Phi also performs better on
“regular” Xeon processors. As part of the results we will also discuss the performance increase
of the optimized code on an Xeon E5 processor. In that way the Xeon Phi porting effort
can be seen as a catalyst to transform the HEP code to run in parallel on modern CPUs.
The main goal of this research and of this talk is to provide a direction for optimizing the
HEP software for modern and future computing platforms. The main goal of parallelizing
RooFIT is not to make it scale to 60 cores or more, but to find a way to restore the imbalance
seen in modern worker nodes. If a relatively simple code optimization leads to HEP software
that can scale to roughly 10 cores then the “core imbalance” can be restored. Worker nodes
could then be carved up into “10 core job slots”. This is a different approach from true High
Performance Computing centers, who are usually interested in getting an application to
scale beyond 32 cores and more.
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Abstract ID : 247

Performance benchmark of LHCb code on
state-of-the-art x86 architectures

Abstract

For Run 2 of the LHC, LHCb is exchanging a significant part of its event filter farm with
new compute nodes. For the evaluation of the best performing solution, we have developed a
method to convert our high level trigger application into a stand-alone, bootable benchmark
image. With additional instrumentation we turned it into a self-optimising benchmark
which explores techniques such as late forking, NUMA balancing and optimal number of
threads, i.e. it automatically optimises box-level performance. We have run this procedure
on a wide range of Haswell-E CPUs and numerous other architectures from both Intel and
AMD, including also the latest Intel micro-blade servers. We present results in terms of
performance, power consumption, overheads and relative cost.
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Abstract ID : 274

Designing and Optimizing LQCD code using
OpenACC

Abstract

An increasing number of massively-parallel machines are based on heterogeneous node archi-
tectures combining traditional powerful multicore CPUs with energy-efficient accelerators.
Programming heterogeneous systems can be cumbersome and designing efficient codes can
result a hard task. The lack of standard programming frameworks for accelerator based
machines makes it more complex; in fact in most of the cases best efficiency can only be
achieved rewriting the code, usually written in C or C++, using proprietary programming
languages such as CUDA. OpenACC is a programming standard framework for parallel
computing aimed to facilitate the code development on heterogeneous computing systems.
It offers a different approach based on directives: porting applications to run on hybrid
architectures “only” requires to annotate existing codes with specific “pragma” instructions.
These identify functions to be executed on accelerators, and instruct the compiler on how
to generate and structure code for specific target device. In this poster we present our
experience in designing and optimizing a Lattice QCD code targeted for multi-GPU cluster
machines, giving details about the implementation and presenting preliminary results.
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Abstract ID : 315

Investigation of High-Level Synthesis tools’
applicability to data acquisition systems design based
on the CMS ECAL Data Concentrator Card example

Abstract
High-Level Synthesis (HLS) for Field-Programmable Logic Array (FPGA) programming is
becoming a practical alternative to well-established VHDL and Verilog languages. This paper
describes a case study in the use of HLS tools to design an FPGA-based data acquisition
systems (DAQ). We will present the implementation of the CERN CMS detector ECAL
Data Concentrator Card (DCC) functionality in HLS and lessons learned from using HLS
design flow.
The DCC functionality and a definition of the initial system-level performance requirements
(latency, bandwidth, and throughput) will be presented . We will describe how its packet
processing control-centric algorithm was implemented with VHDL and Verilog languages.
We will then show how the HLS flow could speed up design-space exploration by providing
loose coupling between function’s interface design and function’s algorithm implementation.
We conclude with results of real-life hardware tests performed with the HLS flow-generated
design with a DCC Tester system.
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Abstract ID : 321

Fast event generation on graphics processing unit
(GPU) and its integration into the MadGraph system.

Abstract
Fast event generation system of physics processes is developed using graphics processing unit
(GPU). The system is based on the Monte Carlo integration and event generation programs,
BASES/SPRING, which were originally developed in FORTRAN. They were rewritten on
the CUDA platform provided by NVIDIA in order for the implementation of these programs
to GPUs. Since the Monte Carlo integration algorithm is composed of a lot of independent
function calls at multi-dimensional space, highly parallel architecture of GPU is very suitable
for the improvement of their performance. The performance of event generations based
on the integrated results can be also easily improved by the event parallelization on GPU.
Parallelized programs show very good performance in process time compared to the existing
event generation programs.
For the computation of cross sections of physics processes on GPU the helicity amplitude
calculation package in FORTRAN is implanted in the CUDA framework as “HEGET” library,
and new phase space generation library and random number generator are developed in order
for the better generation efficiency on GPU. The event generation system on GPU is tested
using general Standard Model processes and computed cross sections are consistent with
those obtained with the MadGraph system which is widely used in the field of elementary
particle physics. The total process time of the new system on GPU is compared with the
equivalent programs on CPU and its improvement factors for various physics processes range
from 10 to 100 depending on the complexity of their final states.
In order to achieve better interface for the generation of various physics processes and also
to realize wider application of the fast Monte Carlo integration program the system has
been integrated into the MadGraph5. Also the HEGET library for the helicity amplitude
computations is integrated into the ALOHA system of the MadGraph5.
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Fast and deep machine learning for HEP

Abstract
The extraction of rare physics signals in the HEP community has for some time benefited from
machine learning approaches. However these have not widely made use of recent progress
in algorithms from the ‘data science’ community, and can also hampered by considerable
computation times. Efficient use of such techniques has the potential for considerable impact
both in the HEP community and in industry.
We apply various machine learning approaches to real HEP analyses including the areas of
‘jet substructure’ and searches for new particles. We compare the use of the current methods
of supervised neural nets and boosted decision trees with ‘deep learning’: multi-layer, neural
nets. We implement our own many-core implementations and compare with existing libraries,
as well as widely used current packages such as TMVA and python scikit-learn. We also
provide performance measurements on a range of GPU and many-core devices.
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Abstract ID : 363

Online tracking with GPUs at PANDA

Abstract
The PANDA experiment is a next generation particle detector planned for operation at the
FAIR facility, currently under construction in Darmstadt, Germany. PANDA will detect
events generated by colliding an antiproton beam on a fixed proton target, allowing studies
in hadron spectroscopy, hypernuclei production, open charm and nucleon structure.
The nature of hadronic collisions means that signal and background events will look very
similar, making a conventional approach, based on a hardware trigger signal generated by a
subset of the detectors to start the data acquisition, unfeasible. Instead, data coming from
the detector are acquired continuously, and all online selection is performed in real-time. A
rejection factor of about 1000 is needed to reduce the data rate for offline storage, making
the data acquisition system computationally very challenging.
Adoption of Graphical Processing Units (GPUs) in many computing applications is increasing,
due to their cost-effectiveness, performance, and accessible and versatile development using
high-level programming paradigms such as CUDA or OpenCL. Applications of GPU within
HEP include Monte Carlo production, analysis, low- and high-level trigger.
Online track reconstruction of charged particles plays an essential part in the event recon-
struction and selection process. Our activity within the PANDA collaboration is centered
on the development and implementation of particle tracking algorithms on GPUs, and on
studying the possibility of performing online tracking using a multi-GPU architecture. Three
algorithms are currently under development, using information from the PANDA tracking
system: a Hough Transform; a Riemann Track Finder; and a Triplet Finder algorithm, a
novel approach finely tuned for the PANDA STT detector. The algorithms are implemented
on the GPU in the CUDA C language, utilizing low-level optimizations and non-trivial data
packaging in order to exploit to the maximum the capabilities of GPUs.
This talk will present details of the implementation of these algorithms, together with
first performance results, and solutions for data transfer to and from GPUs based on
message queues for a deeper integration of the algorithms with the FairRoot and PandaRoot
frameworks, both for online and offline applications.
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Abstract ID : 392

Acceleration of ensemble machine learning methods
using many-core devices

Abstract
Multivariate training and classification methods using machine learning techniques are
commonly applied in data analysis at HEP experiments. Despite their success in looking
for signatures of new physics beyond the standard model it is known that some of these
techniques are computationally bound when input sample size and model complexity are
increased. Investigating opportunities for potential performance improvements is therefore
of great importance if these techniques are to be used with the much larger data volumes
expected from Run 2 operations at the Large Hadron Collider.
It has been previously shown that a large degree of algorithm parallelisation was possible
for MLP-based artificial neural networks by the use of many-core devices such as GPUs.
Improved scaling was observed in network complexity and qualitative performance gains
were attainable through the simultaneous processing of multiple neural networks. Here we
investigate how many-core devices can be used to accelerate ensemble machine learning
methods that are gaining traction in HEP data analysis.
We present a case study into the acceleration of decision forests using many-core devices
in collaboration with Toshiba Medical Visualisation Systems Europe (TMVSE). TMVSE
have developed software to process three-dimensional medical imaging data (such as CT or
MRI scans), using automatic detection of anatomical landmarks defined on the skeleton,
vasculature and major organs. Landmark detection underpins a semantic understanding of
the medical data and thus has many diverse applications, for example, it facilitates rapid
navigation to a named organ. TMVSE have applied ensemble machine learning methods
such as classification by random decision forests to efficiently compute the bounding boxes
of organs in processed image data volumes. It is important that their applications using
this algorithm runs efficiently and quickly. After data preparation and optimisation the
execution time is on average 4.5 seconds per volume with a sub-second processing time being
desirable.
Using representative medical image data as input and pre-trained decision trees we will
demonstrate how the decision forest classification method maps onto the GPU data process-
ing model. It was found that a GPU-based version of the classification method resulted in
over 130 times speed-up over a single-threaded CPU implementation with further improve-
ments possible. We will outline the main optimisation steps undertaken to maximise GPU
performance and detail how this was implemented using device profiling to evaluate thread
occupancy and execution efficiency.
As this solution was developed to be context independent we will demonstrate how this
work can be applied to a suitably formed HEP dataset to determine potential gains in event
throughput and classifier discrimination. We will also explore how the advanced analysis
techniques applied to automatic landmark detection in medical data can be applied to HEP
dataset to achieve further increases in performance.
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Abstract ID : 428

Detector Simulation On Modern Coprocessors

Abstract

The recent prevalence of hardware architectures of many-core or accelerated processors
opens opportunities for concurrent programming models taking advantages of both SIMD
and SIMT architectures. The Geant Vector Prototype has been designed both to exploit
the vector capability of main stream CPUs and to take advantage of Coprocessors including
NVidia’s GPU and Intel Xeon Phi. The characteristics of each of those architectures are
very different in term of the vectorization depth, parallelization needed to achieve optimal
performance or memory access latency and speed. Between each platforms the number of
individual tasks to be processed ‘at once’ for efficient use of the hardware varies sometimes
by an order of magnitude. The granularity of the code executed may also need to be
dynamically adjusted. An additional challenge is to avoid the code duplication often inherent
to supporting heterogeneous platforms. We will present the challenges, solutions and resulting
performance of running an end to end detector simulation concurrently on a main stream
CPU and a coprocessor and detail the broker implementation bridging the disparity between
the two architectures. The impacts of task decomposition, vectorization, efficient sampling
techniques and data look-up using track level parallelism will be also evaluated on vector
and massively parallel architectures.
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High Speed Fault Tolerant Secure Communication
for Muon Chamber using FPGA based GBTx

Emulator

Abstract
The Compressed Baryonic Matter (CBM) experiment is a part of the Facility for Antiproton
and Ion Research (FAIR) in Darmstadt at the GSI. This experiment will examine heavy-ion
collisions in fixed target geometry and will be able to measure hadrons, electrons and muons.
Muon Chamber (MUCH) is used to detect low momentum muons in an environment of high
particle densities. Basic read out chain of MUCH consists of MUCH-XYTER (Front End
Electronics), Gigabit Transceiver (GBTx), Data Processing Board (DPB), First level event
selector interface board (FLIB) [1]. MUCH- XYTER is a self-triggered Application-Specific
Integrated Circuit (ASIC), which is directly connected to the detector and send the receive
data to the GBTx through serial peripheral interface (SPI) like E-link. GBTx will be
connected to the DPB through 4.8 Gbps optical link. In between DPB and FLIB there
will be 10 Gbps optical link and at the end FLIB will be connected to the data acquisition
system through Peripheral Component Interconnect Express (PCIe). As a part of the
implementation of read out chain of MUCH in India, we have implemented FPGA emulator
of GBTx [2]. GBTx is a radiation tolerant ASIC that can be used to implement multipurpose
high speed bidirectional optical links for high energy physics (HEP) experiments. It is
developed by CERN. It consists of packet generator, scrambler-descrambler, encoder-decoder,
interleaver-deinterleaver, gearbox, and transceiver.Packet generator is used to generate test
pattern (either static or dynamic) to test the optical link. Scrambler is used to scramble the
data so that clock can be recovered properly in the receiver side. In the encoder block single
error correcting (15, 11) Reed-Solomon (RS) encoding is used to mitigate error occurred in
the communication channel due to radiation. Interleaver is used to simply interleave the
encoded data to make the coded data more robust against burst error. Gearbox is used to
divide the 120 bit data frame into three 40 bit wards. These 40 bit wards are transmitted
through multi gigabit transceiver (MGT) and reference clock used for MGT is 120 MHz.
In the receiver side apart from the predefined block one frame aligner block is also used.
Frame aligner is used to detect header in the data frame properly in the receiver side. GBTx
will be used in highly irradiated area and more prone to be affected by multi-bit error. To
mitigate this effect instead of single bit error correcting (15, 11) RS code we have used
two bit error correcting (15, 7) BCH code [3]. It will increase the redundancy, which in
turn increases the reliability in the coded data. So the coded data will be less prone to
be affected by noise due to radiation. Normally in the wired communication between any
two fixed points there will be no such security issue. But when multiple stations will be
used for long distance communication the question of security will come into play. So to
make the data transmitting through optical fiber more secure, we use advanced encryption
standard (AES) (a symmetric key cryptography) [4] is used after channel coding. The AES
is a specification for the encryption of electronic data established by the U.S. National
Institute of Standards and Technology (NIST) in 2001. AES encryption algorithm acts as a
block cipher. The data will be always 128 bit block but the key size can be select from 128
bit, 192 bit or 256 bit. Here for testing purpose we used AES- 128 and AES- 256. In this
paper our key contributions can be summarized as follows: • Implementation of multibit
error correcting BCH code to make optical communication more robust against
error due to radiation. • Implementation of AES along with GBTx to make the
data communication more secure. We have implemented GBTx emulator on two Xilinx
Kintex-7 boards (KC705). One will act as transmitter and other will act as receiver and they
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are connected through optical fiber using small form-factor pluggable (SFP) port. We have
performed the run-time verification of the system using Xilinx Chipscope Pro Analyzer and
also measured the resource utilization, throughput and power utilization of the implemented
design.
References: 1. FLES/DAQ summary and Outlook, 24th CBM week, Walter F.J. Müller,
FAIR, Darmstadt 2. S. Baron, M. Barros Marin, “GBT-FPGA user guide,” Version 1.00.
3. Error Detection and Correction using BCH code, Hank Wallance, 2001. 4. A.M
Deshpande, M.S Deshpande, D.N Kayatanavar, “FPGA implementation of AES encryption
and decryption,” International Conference on Control, Automation, Communication and
Energy Conservation (INCACEC), 2009.
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Abstract ID : 439

A design study for the upgraded ALICE O2
computing facility

Abstract
An upgrade of the ALICE detector is currently prepared for the Run 3 period of the Large
Hadron Collider (LHC) at CERN starting in 2020. The physics topics under study by
ALICE during this period will require the inspection of all collisions at a rate of 50 kHz for
minimum bias Pb-Pb and 200 kHz for pp and p-Pb collisions in order to extract physics
signals embedded into a large background.
The upgraded ALICE detector will produce more than 1 TByte/s of data. Both collision
and data rate impose new challenges onto the detector readout and compute system. Some
detectors will not use a triggered readout, which will require a continuous processing of the
detector data.
Although various online systems are existing for event based reconstruction, the application
of a production system for time-based data processing and reconstruction is a novel case
in HEP. The project will benefit from the experience gained with the current ALICE High
Level Trigger online system, which already implements a modular concept combining data
transport, algorithms and heterogeneous hardware. Processing of individual events will
however have to be replaced by the continuous processing of the data stream segmented
according to a time-frame structure.
One challenge is the distribution of data within the compute nodes. Time-correlated data sets
are received by the First Level Processors (FLP) and must be coherently transported to and
aggregated on the Event Processing Nodes (EPN). Several approaches for the distribution
of data are being studied. Aggregated time-frame data is processed on the EPN with
the primary goal to reconstruct particle properties. On-the-fly and short-latency detector
calibration is necessary for the reconstruction. The impact of the calibration strategy to
the reconstruction performance is under study. Based on the partially reconstructed data,
events corresponding to particular collisions can be assembled from the time-based data.
The original raw data are then replaced by these preprocessed data. This transformation
together with the application of lossless data compression algorithms will provide a data
volume reduction of a factor of 20 before data is passed onto the storage system.
Building on messaging solutions, the design and development of a flexible framework for
transparent data flow, online reconstruction, and data compression has started. The system
uses parallel processing on the level of processes and threads within processes in order to
achieve an optimal utilization of CPU cores and memory. Furthermore, the framework
provides the necessary abstraction to run common code on heterogeneous platforms including
various hardware accelerator cards.
We present in this contribution the first results of a prototype with estimates for scalability
and feasibility for a full scale system.
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Abstract ID : 480

VecGeom: A new vectorised geometry library for
particle-detector simulation

Abstract
A geometry modeller library is among the most important components of the software
simulating the passage of particles in a detector, and many experiment simulations are
currently based on the geometry implementations offered by Geant4 or ROOT. Here, we
report on our effort to extend, re-engineer and evolve thes libraries in multiple directions
in order to make them ready for the future challenges of computing in HEP. This includes
primarily an extended API as well as SIMD-vectorised algorithms able to efficiently handle
geometry queries for multiple particles at the same time. Secondly, we aim for a native
support of the geometry module on the GPU or on mixed heterogeneous CPU/GPU platforms.
This effort is one of the essential ingredients of the Geant-Vector project that is focusing
on a fine-grained multithreaded and vectorised design, propagating many particles from
different events at the same time.
Our presentation will give an overview of the new vectorizsed, generic and templated
geometry library “VecGeom” that accomplishes those primary goals and which also improves
the overall geometry performance for current simulation frameworks. Beyond discussing new
performance numbers for elementary and higher level geometry algorithms, we will show
a first global evaluation of the new library on a realistic detector in form of the geometry
description from the CMS experiment
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Abstract ID : 483

Hardware and Software Design of FPGA-based PCIe
Gen3 interface for APENet+ network interconnect

system

Abstract
The computing nodes of modern hybrid HPC systems are built using the CPU+GPU
paradigm. When this class of systems is scaled to large size, the efficiency of the network
connecting GPUs mesh and supporting the internode traffic is a critical factor. The adoption
of a low latency, high performance dedicated network architecture, exploiting peculiar
characteristics of CPU and GPU hardware, allows to guarantee scalability and a good level
of sustained performances.
In the attempt to develop a custom interconnection architecture optimized for scientific
computing we designed APEnet+, a point-to-point, low-latency and high-performance 3D
torus network controller which supports 6 fully bidirectional off-board links. The first
release of APEnet+ (named V4), was a board based on a high end 40nm Altera FPGA
that integrates multiple (6) channels at 34Gbps of raw bandwidth per direction and a PCIe
Gen2 x8 host interface. APEnet+ board was the first-of-its-kind to implement a Remote
Direct Memory Access (RDMA) protocol to directly read/write data from/to Fermi and
Kepler NVIDIA GPUs using the Nvidia “peer-to-peer” and “GPUDirect RDMA” protocols,
obtaining real zero-copy, low-latency GPU-to-GPU transfers over the network and reducing
the performance bottleneck due to the costly copies of data from user to kernel space( and
vice-versa).
The last generation of APEnet+ systems (V5), currently under development, is based on state-
of-the-art high end FPGA, 28nm Altera Stratix V, offering a number of multi-standard fast
transceivers (up to 14.4 Gbps), huge amount of configurable internal resources and hardware
IP cores to support main interconnection standard protocols. APEnet+ V5 implements a
PCIe Gen3 x8 interface, the current standard protocol for high end system peripherals, in
order to gain performance on the critical CPU/GPU connection and mitigate the effect of
the bottleneck represented by GPUs memory access. Furthermore the FPGA technology
advancement, allowed us to integrate in V5, new off-board torus channels characterized
by a target speed of 56 Gbps. Both Linux Device Driver and the low-level libraries, have
been redesigned to support the PCIe Gen3 protocol, introducing optimizations and solutions
based on hardware/software co-design.
In this paper we present the architecture of APEnet+ V5 and discuss the status of APEnet+
V5 PCIe Gen3 hardware and system software design. Measures of performance in terms of
latency and bandwidth, both for the local APEnet+ to CPU-GPU connection (with Kepler
class GPU) and host-to-host via torus links, will also be provided.
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Abstract ID : 488

Evaluation of ’OpenCL for FPGA’ for Data
Acquisition and Acceleration in High Energy Physics

applications

Abstract
The proposed upgrade for the Large Hadron Collider LHCb experiment at CERN envisages a
system of 500 Data sources each generating data at 100 Gbps, the acquisition and processing
of which is a challenge even for state of the art FPGAs. This challenge splits into two, the
Data Acquisition (DAQ) part and the Algorithm acceleration part, the later not necessarily
immediately following the former.
Looking first at the DAQ part, a Header Generator module was needed to packetize the
streaming data coming in from the front-end electronics of the detectors, for easy access
and processing by the servers. This necessitates FPGA architectures that not only handle
the data generated by the experiment in real-time but also dynamically adapt to potential
inadequacies of other components, such as the network and PCs, while ensuring system
stability and overall data integrity. Since the data source has no flow control, this module
needs to modify the stream data by dropping datasets in a controlled fashion in the event of
receiving a back pressure signal from the downstream modules. Also needed was a front-end
source emulator capable of generating the various data patterns, that can act as a test bed
to validate the functionality and performance of the Header Generator. Such a system was
earlier designed and realized in VHDL. The results from this were presented as a paper,
‘Dynamically Adaptive Header Generator and Front-End Source Emulator for a 100 Gbps
FPGA based DAQ’ presented at the IEEE Real-Time Conference earlier in 2014 (RT2014).
While this process has been traditionally carried out using hardware description languages
(HDLs), the possibility exists of using OpenCL to design a DAQ system. This has the
potential to simplify development for physicists using the tools, who are more familiar with
traditional software as opposed to HDLs, so they can understand the system and make
modifications in the future. This is challenging due to fact that the OpenCL language is
designed for Parallel Processing and not really targeted at real-time DAQ and there are
major challenges in representing the cycle-accurate data acquisition and processing system
in OpenCL. However, OpenCL for FPGAs may be applicable from a high level synthesis
perspective. Achieving this will enable the movement of the entire FPGA design flow for
High Energy Physics applications to OpenCL, rather than just the algorithm acceleration
portion that involves parallel processing.
For the algorithm acceleration part, the Hough transformation will be implemented in
OpenCL. This is a method to reconstruct lines from points in 2D/3D space and can be
used to identify particle tracks from hits in the VELO detector elements. Variations of this
algorithm are also used for feature identification on the data from other detectors too.
This work explores the feasibility of implementing Data Acquisition and Processing system
on OpenCL and evaluates the performance of this OpenCL implementation with the HDL
based implementation. Development is using the Altera OpenCL compiler for FPGA.
This work was is funded under ICE-DIP, a European Industrial Doctorate project in the
European Community’s 7th Framework programme Marie Curie Actions under grant PITN-
GA-2012-316596.
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Abstract ID : 493

Future Computing Platforms for Science in a Power
Constrained Era

Abstract

Power consumption will be a key constraint on the future growth of Distributed High
Throughput Computing (DHTC) as used by High Energy Physics (HEP). This makes
performance-per-watt a crucial metric for selecting cost-efficient computing solutions. For this
paper, we have done a wide survey of current and emerging architectures becoming available
on the market including x86-64 variants, ARMv7 32-bit, ARMv8 64-bit, Many-Core and
GPU solutions, as well as newer System-on-Chip (SoC) solutions. We compare performance
and energy efficiency using an evolving set of standardized HEP-related benchmarks and
power measurement techniques we have been developing. We evaluate the potential for use
of such computing solutions in the context of DHTC systems, such as the Worldwide LHC
Computing Grid (WLCG).
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Building a Tier-3 Based on ARMv8 64-bit
Server-on-Chip for the WLCG

Abstract
Deploying the Worldwide LHC Computing Grid (WLCG) was greatly facilitated by the
convergence, around the year 2000, on Linux and commodity x86 processors as a standard
scientific computing platform. This homogeneity enabled a relatively simple “build once,
run anywhere” model for applications. A number of factors are now driving interest in
alternative platforms. Power limitations at the level of individual processors, and in aggregate
in computer centers, place greater emphasis on power efficiency issues. The rise of mobile
computing, based primarily on ARM processors with a different intellectual property model,
has also created interest in ARM as an potential general purpose architecture for the server
market.
We report our experience building a demonstrator Grid cluster using systems with ARMv8
64-bit processors, capable of running production-style workflows. We present what we have
learned regarding the use of both application and Open Science Grid (OSG) software on
ARMv8 64-bit processors, as well as issues related to the need to manage heterogeneous
mixes of x86_64 and ARMv8 64-bit processors in a Grid environment. We also report the
hardware experience we have gained while building the cluster.
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The ALICE High Level Trigger, status and plans

Abstract

The ALICE High Level Trigger (HLT) is an online reconstruction, triggering and data
compression system used in the ALICE experiment at CERN. Unique among the LHC
experiments, it extensively uses modern coprocessor technologies like general purpose graphic
processing units (GPGPU) and field programmable gate arrays (FPGA) in the data flow.
Real-time data compression is performed using a cluster finder algorithm implemented on
FPGA boards. These data, instead of raw clusters, are used in the subsequent processing
and storage, resulting in a compression factor of around 4. Track finding is performed
using a cellular automaton and a Kalman filter algorithm on GPGPU hardware, where
both CUDA and OpenCL technologies can be used interchangeably. The ALICE upgrade
requires further development of online concepts to include detector calibration and stronger
data compression. The current HLT farm will be used as a test bed for online calibration
and both synchronous and asynchronous processing frameworks already before the upgrade,
during Run 2.
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Exploiting heterogeneity on the Grid for fun and
profit

Abstract
In recent years large scientific projects such as the Large Hadron Collider (LHC) have
developed extensive distributed computing systems, involving many computer centers around
the globe. At first glance the resulting computing platform appears to be based on a
homogeneous deployment of Linux on commodity x86 processors. In practice, however, many
generations of processors are deployed in the computing centers, typically corresponding to 4
or 5 years worth of purchases. Depending on where an application is run and details of what
it is doing, it will see some variation in achievable compute performance stemming directly
from the processor heterogeneity. In the future, this heterogeneity will increase significantly.
Due to power density limitations in processors, alternate processor architectures are now
being considered, including low power cores (ARM, ATOM) and specialized coprocessors
(GPUs, Xeon Phi). If the distributed computing system evolves to include clusters with
alternate technologies, the resulting heterogeneity will mean that both the performance and
the performance/Watt achievable by any given application will vary significantly.
This heterogeneity and the resulting variations in application performance and energy
efficiency can in principle provide information usable for job scheduling to improve net
throughput or to reduce power consumption or cost. We report our studies into potential
performance and power efficiency/cost gains resulting for inclusion of this kind of information
in scheduling choices.
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4-Dimensional Event Building in the First-Level
Event Selection of the CBM Experiment.

Abstract
The future heavy-ion experiment CBM (FAIR/GSI, Darmstadt, Germany) will focus on the
measurement of very rare probes at interaction rates up to 10 MHz with data flow of up to
1 TB/s. The beam will provide free stream of beam particles without bunch structure. That
requires full online event reconstruction and selection not only in space, but also in time,
so-called 4D event building and selection. This is a task of the First-Level Event Selection
(FLES).
The FLES reconstruction and selection package consists of several modules: track finding,
track fitting, short-lived particles finding, event building and event selection. Since all
detector measurements contain also time information, the event building is done at all stages
of the reconstruction process. The input data are distributed within the FLES farm in
a form of so-called time-slices, which time length is proportional to a compute power of
a processing node. A time-slice is reconstructed in parallel between cores within a CPU,
thus minimizing communication between CPUs. After all tracks of the whole time-slice are
found and fitted in 4D, they are collected into clusters of tracks originated from common
primary vertices, which then are fitted, thus identifying 4D interaction points registered
within the time-slice. Secondary tracks are associated with primary vertices according to
their estimated production time. After that short-lived particles are found and the full e
vent building process is finished. The last stage of the FLES package is a selection of events
according to the requested trigger signatures.
We describe in details all stages of the FLES package and present results of tests on many-
core computer farms with up to 3000 cores, focusing mainly on parallel implementations of
the track finding and the event building stages as the most complicated and time consuming
parts of the package. The track finding efficiency remains stable and the processing time
grows as a polynomial of second order with respect to the number of events in the time-slice.
The first results of J/psi selection are presented and discussed.
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