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As part of the CERN openlab summerAs part of the CERN openlab summeropenlab openlab 
school I am participating in the Intelschool I am participating in the Intel
Modern Code Developer Challenge. TheModern Code Developer Challenge. The
scope of this challenge is to write a couplescope of this challenge is to write a couple
of technical posts about our projects atof technical posts about our projects at
CERN to share part of our work with theCERN to share part of our work with the
Intel developer community.Intel developer community.

In the following weeks I will describe inIn the following weeks I will describe in
detail the results of my project, includingdetail the results of my project, including

the software and hardware used. This firstthe software and hardware used. This first
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the software and hardware used. This firstthe software and hardware used. This first
post is a general overview to describe thepost is a general overview to describe the
context and the purpose of the project.context and the purpose of the project.

CERNCERN

The european center for nuclear researchThe european center for nuclear research
(CERN) is located in Geneva, Switzerland,(CERN) is located in Geneva, Switzerland,
where the LHC(Large Hadron Collider), thewhere the LHC(Large Hadron Collider), the
biggest particle accelerator in the world, isbiggest particle accelerator in the world, is
built in a 27 km tunnel built 100 mbuilt in a 27 km tunnel built 100 m
underground . Inside the accelerator twounderground . Inside the accelerator two
proton beams are accelerated throughproton beams are accelerated through
various stages in opposite direction untilvarious stages in opposite direction until
they reach a velocity close to the speed ofthey reach a velocity close to the speed of
light and they collide with a center oflight and they collide with a center of
mass energy of 13 TeV. From thesemass energy of 13 TeV. From these
collisions new particles are generated thatcollisions new particles are generated that
are recorded with particle detctors andare recorded with particle detctors and
their properties are studied by thetheir properties are studied by the
phisicists to unveil new particles or betterphisicists to unveil new particles or better
understand their properties. There areunderstand their properties. There are
four main experiments at the LHC but Ifour main experiments at the LHC but I
will talk only about CMS, which is the onewill talk only about CMS, which is the one
where I am working on.where I am working on.
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13TeV collision showing two high-energy particle jets

CMSCMS

The Compact Muon Solenoid (CMS) is aThe Compact Muon Solenoid (CMS) is a
general purpose detector used to detectgeneral purpose detector used to detect
particles generated by proton-protonparticles generated by proton-proton
collisions. It is composed of manycollisions. It is composed of many
cilindrical layers. The innermost part is thecilindrical layers. The innermost part is the
silicon tracker, divided in twosilicon tracker, divided in two
subdetectors, the pixel tracker and thesubdetectors, the pixel tracker and the
strip tracker. It is designed to identify thestrip tracker. It is designed to identify the
particle’s trajectories with high precisionparticle’s trajectories with high precision
and it is made entirely of silicon to endureand it is made entirely of silicon to endure
the high level of radiation inside thethe high level of radiation inside the
detector. The internal subdetector, thedetector. The internal subdetector, the
pixel tracker, is made of small squarepixel tracker, is made of small square
sensors while the external subdetector,sensors while the external subdetector,
the strip tracker, is made of rectangularthe strip tracker, is made of rectangular
strips. Both sensors are capable to detectstrips. Both sensors are capable to detect
charged particle. After that we have thecharged particle. After that we have the
calorimeter, used to detect the particle’scalorimeter, used to detect the particle’s
energy. The next layer is theenergy. The next layer is the
superconducting solenoid, whichsuperconducting solenoid, which
generates a 4T magnetic field. Thegenerates a 4T magnetic field. The
magnetic field is used to bend themagnetic field is used to bend the

particles to allow to measure charge andparticles to allow to measure charge and
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particles to allow to measure charge andparticles to allow to measure charge and
momentum and the mass of eachmomentum and the mass of each
particle. Finally, the last layers of theparticle. Finally, the last layers of the
detector are the muon detectors, anddetector are the muon detectors, and
they are used to recognize muons.they are used to recognize muons.

Each detector generates a huge amountEach detector generates a huge amount
of data. A new collision happen every 25of data. A new collision happen every 25
ns and the detector record about 1 PB/sns and the detector record about 1 PB/s
of data from the collisions. This data areof data from the collisions. This data are
filtered because they cannot be entirelyfiltered because they cannot be entirely
stored in persistent memory. Fortunatelystored in persistent memory. Fortunately
only a small fraction of the events areonly a small fraction of the events are
interesting for analysis. A first filter, calledinteresting for analysis. A first filter, called
the L1 trigger, select events based onthe L1 trigger, select events based on
simple signatures, for example thesimple signatures, for example the
presence of high-energy particles. Thispresence of high-energy particles. This
first coarse filter reduces the rate offirst coarse filter reduces the rate of
events to 1 MHz. The next step is the HLTevents to 1 MHz. The next step is the HLT
(High Level Trigger) that performs more(High Level Trigger) that performs more

complex analysis to further reduce thecomplex analysis to further reduce the
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complex analysis to further reduce thecomplex analysis to further reduce the
number of events to about 1 kHz.number of events to about 1 kHz.

Track ReconstructionTrack Reconstruction

To select the interesting events in the HLTTo select the interesting events in the HLT
it is necessary to reconstruct theit is necessary to reconstruct the
trajectory of each particle and in order totrajectory of each particle and in order to
do that the raw data from the silicondo that the raw data from the silicon
tracker is processed to recover thetracker is processed to recover the
trajectories.trajectories.

The silicon tracker is made of severalThe silicon tracker is made of several
cilindrical layers centered around thecilindrical layers centered around the
interaction region. The first four layers ofinteraction region. The first four layers of
the tracker are part of the pixel trackerthe tracker are part of the pixel tracker
and are made of milions of pixel channelsand are made of milions of pixel channels
that emit electrons when a chargedthat emit electrons when a charged
particle traverse them. This electrons areparticle traverse them. This electrons are
read with fast electronics in the detectorread with fast electronics in the detector
and sent to the L1 trigger.and sent to the L1 trigger.

In the HLT raw data from the detector isIn the HLT raw data from the detector is
processed to obtain hit clusters, which areprocessed to obtain hit clusters, which are
formed by nearby pixels which have anformed by nearby pixels which have an
ADC value greater than zero. The clusterADC value greater than zero. The cluster
shape depends both on the particle, on itsshape depends both on the particle, on its
trajectory and on the module that hastrajectory and on the module that has
been hit.been hit.

Track reconstruction by its nature is aTrack reconstruction by its nature is a
combinatorial problem because given acombinatorial problem because given a
partial track formed by hits found in thepartial track formed by hits found in the
internal layers there could be multiple hitsinternal layers there could be multiple hits
compatible with the current trackcompatible with the current track
estimation and they must be checkedestimation and they must be checked
because we don’t want to lose any trackbecause we don’t want to lose any track

during this process. For this reason thisduring this process. For this reason this
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during this process. For this reason thisduring this process. For this reason this
reconstruction takes most of the CPUreconstruction takes most of the CPU
time.time.

It is implemented as an iterative algorithmIt is implemented as an iterative algorithm
where each iteration apply the followingwhere each iteration apply the following
steps:steps:

• seed generation• seed generation  
• track finding• track finding  
• track fitting• track fitting  
• track selection• track selection

In the seed generation track seed areIn the seed generation track seed are
created from hits found in the internalcreated from hits found in the internal
layers of the detector. A set of parameterslayers of the detector. A set of parameters
determines the compatible hits that candetermines the compatible hits that can
form a track, like the set of compatibleform a track, like the set of compatible
layers or the window in each layer to uselayers or the window in each layer to use
to find the hits. The seeds found in theto find the hits. The seeds found in the
first step are used for the track finding,first step are used for the track finding,
which looks for other hits in the outerwhich looks for other hits in the outer
layers. After all the hits have beenlayers. After all the hits have been
associated to the track the track fittingassociated to the track the track fitting
determines the parameters of thedetermines the parameters of the
trajectory. The last step of the iteration istrajectory. The last step of the iteration is
track selection, which is necessarytrack selection, which is necessary
because the previous steps couldbecause the previous steps could
generate fake tracks. This steps looks forgenerate fake tracks. This steps looks for
signals that denotes fake particles, like asignals that denotes fake particles, like a
large number of missing hits. Note thatlarge number of missing hits. Note that
missing hits could be caused by differentmissing hits could be caused by different
reason, like broken pixels or a region notreason, like broken pixels or a region not
covered by sensors (e.g. the regioncovered by sensors (e.g. the region
between two different modules).between two different modules).

The previous steps are repeated in anThe previous steps are repeated in an
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The previous steps are repeated in anThe previous steps are repeated in an
iterative fashion, each time with differentiterative fashion, each time with different
parameters for the seeding phase. Usingparameters for the seeding phase. Using
this method it is possible to search forthis method it is possible to search for
easy tracks first, eliminate from theeasy tracks first, eliminate from the
successive searches the hits associatedsuccessive searches the hits associated
with the found tracks, and look for thewith the found tracks, and look for the
more difficult tracks in the successivemore difficult tracks in the successive
steps with a less dense environment.steps with a less dense environment.

PileupPileup

The main problem of this approach is theThe main problem of this approach is the
huge number of fake track generatedhuge number of fake track generated
during the seed generation and trackduring the seed generation and track
finding. This is worsened by the fact thatfinding. This is worsened by the fact that
multiple collisions happens at each bunchmultiple collisions happens at each bunch
crossing, a phenomenon called pileupcrossing, a phenomenon called pileup
(PU). Today about 25 collisions happen at(PU). Today about 25 collisions happen at
each bunch crossing. In 2025 the HL-LHCeach bunch crossing. In 2025 the HL-LHC
(High Luminosity LHC) will become active(High Luminosity LHC) will become active
and it will produce 10 times more data,and it will produce 10 times more data,
with a pileup of 250. This means that thewith a pileup of 250. This means that the
number of hits will increase accordinglynumber of hits will increase accordingly
and the number of fake tracks willand the number of fake tracks will
exponentially explode.exponentially explode.

The current algorithms and hardware areThe current algorithms and hardware are
not capable of handling that amount ofnot capable of handling that amount of
data and must be improved to overcomedata and must be improved to overcome
this upcoming challenge.this upcoming challenge.

One of the most promising solution is theOne of the most promising solution is the
parallelization of the algorithms. Thisparallelization of the algorithms. This
approach requires a complete redesign ofapproach requires a complete redesign of
the algorithms, which must be adapted tothe algorithms, which must be adapted to
support vectorization or execution onsupport vectorization or execution on

specialized hardware, such as GPUs andspecialized hardware, such as GPUs and
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specialized hardware, such as GPUs andspecialized hardware, such as GPUs and
FPGAs.FPGAs.

Doublet filteringDoublet filtering

The objective of my project is to reduceThe objective of my project is to reduce
the number of fake tracks as soon asthe number of fake tracks as soon as
possible to avoid to perform uselesspossible to avoid to perform useless
computation afterwards. To achieve thiscomputation afterwards. To achieve this
goal we are trying to filter out the badgoal we are trying to filter out the bad
track seeds, those which are not part of atrack seeds, those which are not part of a
real track. In particular we are developingreal track. In particular we are developing
a machine learning model based ona machine learning model based on
convolutional neural networks which willconvolutional neural networks which will
take as input two hit clusters as well astake as input two hit clusters as well as
some additional information about themsome additional information about them
like their global coordinates and some IDlike their global coordinates and some ID
to identify the exact module inside theto identify the exact module inside the
detector where the hit resides anddetector where the hit resides and
outputs the probability that the two hitsoutputs the probability that the two hits
correspond to a real track. This model cancorrespond to a real track. This model can

be used after the first step of the seedbe used after the first step of the seed
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be used after the first step of the seedbe used after the first step of the seed
generation step, which generate a pair ofgeneration step, which generate a pair of
hits from the internal layers, which fromhits from the internal layers, which from
now on we will call doublet.now on we will call doublet.

A good model will need to satisfy theseA good model will need to satisfy these
two requirements:two requirements:

• It should be precise. In practice we want• It should be precise. In practice we want
to keep at least 99% of the true tracksto keep at least 99% of the true tracks  
• It should be fast. The model must be• It should be fast. The model must be
capable to filter the doublets in real timecapable to filter the doublets in real time

Both requirements are hard constraintsBoth requirements are hard constraints
that cannot be reduced. If we lose toothat cannot be reduced. If we lose too
many seeds we reduce the quality of themany seeds we reduce the quality of the
data, undermining all the subsequentdata, undermining all the subsequent
analysis that will be performed offlineanalysis that will be performed offline
with the stored data.with the stored data.

On the other side, if the inference is tooOn the other side, if the inference is too
slow the model cannot be used during theslow the model cannot be used during the
data collection and it is useless.data collection and it is useless.

To tackle this problem we are looking atTo tackle this problem we are looking at
different solutions, both on the softwaredifferent solutions, both on the software
side and on the hardware side.side and on the hardware side.

On the software side, we are tryingOn the software side, we are trying
different frameworks, like Caffe*,different frameworks, like Caffe*,
TensorFlow* and neon™.TensorFlow* and neon™.

There are also specific network, likeThere are also specific network, like
binarized neural network, which arebinarized neural network, which are
designed to be much faster than standarddesigned to be much faster than standard
neural network but require specializedneural network but require specialized

implementation to work with lowerimplementation to work with lower
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PromotionPromotion

implementation to work with lowerimplementation to work with lower
resolution in an efficient manner.resolution in an efficient manner.

On the hardware side we are tryingOn the hardware side we are trying
different hardware solutions, likedifferent hardware solutions, like
manycore, GPUs and FPGAs. In particularmanycore, GPUs and FPGAs. In particular
we plan to do extensive benchmarkingwe plan to do extensive benchmarking
with the Intel® Xeon Phi™ processor andwith the Intel® Xeon Phi™ processor and
Intel's new FPGA architecture specializedIntel's new FPGA architecture specialized
for machine learning inference.for machine learning inference.

For more such intel IoT resources andFor more such intel IoT resources and
tools from Intel, please visit thetools from Intel, please visit the Intel® Intel®
Developer ZoneDeveloper Zone

Source:https://software.intel.com/en-Source:https://software.intel.com/en-
us/blogs/2017/08/17/track-us/blogs/2017/08/17/track-
reconstruction-with-deep-learning-at-reconstruction-with-deep-learning-at-
the-cern-cms-experimentthe-cern-cms-experiment
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July was a busy month at the Intel®July was a busy month at the Intel®
Developer Zone (Intel® DZ). Training wasDeveloper Zone (Intel® DZ). Training was
held in Santa Clara and Italy, three newheld in Santa Clara and Italy, three new
network innovators were on-boarded andnetwork innovators were on-boarded and
we’ve been busy planning meet ups andwe’ve been busy planning meet ups and
dev labs for the remainder of the year. Ifdev labs for the remainder of the year. If
you missed out on what we and ouryou missed out on what we and our
developers have been doing, here is adevelopers have been doing, here is a
rundown of all the happenings.rundown of all the happenings.

OpenStack* Seventh BirthdayOpenStack* Seventh Birthday
CelebrationCelebration

On July 27, Intel hosted the OpenStack*On July 27, Intel hosted the OpenStack*
seventh birthday party. The meetup wasseventh birthday party. The meetup was
held in the auditorium of the Intel Alteraheld in the auditorium of the Intel Altera
campus.campus.

Presenters from the Linux Foundation*Presenters from the Linux Foundation*
and Intel were featured, and speakers andand Intel were featured, and speakers and
attendees had the opportunity to attendattendees had the opportunity to attend

two of three hands-on labs about thetwo of three hands-on labs about the

OnePlus rolls out Oxygen OS 4.1.7 update forOnePlus rolls out Oxygen OS 4.1.7 update for
OnePlus 3, 3T with battery improvements andOnePlus 3, 3T with battery improvements and
bug fixesbug fixes

Google Pixel 2, Pixel 2 XL to launch withGoogle Pixel 2, Pixel 2 XL to launch with
Snapdragon 836 on October 5, says leaksterSnapdragon 836 on October 5, says leakster

JioPhone pre-orders starts today at 5:30PM:JioPhone pre-orders starts today at 5:30PM:
Everything you need to know about the VoLTEEverything you need to know about the VoLTE
feature phonefeature phone

Samsung Galaxy Note 8 coming to India inSamsung Galaxy Note 8 coming to India in
SeptemberSeptember

YU starts rolling out Android Nougat 7.1.1 forYU starts rolling out Android Nougat 7.1.1 for
Yureka BlackYureka Black

RECENT NEWSRECENT NEWS

SECURITY WATCH POWERED BYSECURITY WATCH POWERED BY

Advantages, disadvantages, and snags ofAdvantages, disadvantages, and snags of
rooting your Android devicerooting your Android device

This is how ExPetr targets businessesThis is how ExPetr targets businesses

Here is how you can protect yourself fromHere is how you can protect yourself from
ExPetr ransomwareExPetr ransomware

Petya ransomware found affecting gatewayPetya ransomware found affecting gateway
terminal at Jawaharlal Nehru Port Trust andterminal at Jawaharlal Nehru Port Trust and
major businesses across Europe, the US andmajor businesses across Europe, the US and
AsiaAsia
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JioPhone pre-orders starts today at 5:30PM:JioPhone pre-orders starts today at 5:30PM:
Everything you need to know about the VoLTEEverything you need to know about the VoLTE
feature phonefeature phone

Micromax Canvas Infinity first impressions: NotMicromax Canvas Infinity first impressions: Not
just a good looking phonejust a good looking phone

2017 Skoda Rapid Monte Carlo adds sporty2017 Skoda Rapid Monte Carlo adds sporty
elements to the everyday sedanelements to the everyday sedan

Mercedes-AMG GT-R, GT Roadster: First lookMercedes-AMG GT-R, GT Roadster: First look

JioPhone retailer brochure reveals 2MP rearJioPhone retailer brochure reveals 2MP rear
and VGA front cameras, 4GB storageand VGA front cameras, 4GB storage
expandable upto 128GBexpandable upto 128GB
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two of three hands-on labs about thetwo of three hands-on labs about the
Internet of Things (IoT), Containers orInternet of Things (IoT), Containers or
Network Services Benchmark (IntelNetwork Services Benchmark (Intel
Hands-on Lab), ETSI/OPNFV Plug-festHands-on Lab), ETSI/OPNFV Plug-fest
(Intel partners). The closing session of the(Intel partners). The closing session of the
day was the keynote given by Uri Elzur,day was the keynote given by Uri Elzur,
CTO, Intel. Uri talked about theCTO, Intel. Uri talked about the
“Meaningful and Necessary Operation on“Meaningful and Necessary Operation on
behalf of NFV and MANO”. The eveningbehalf of NFV and MANO”. The evening
birthday celebration kicked off withbirthday celebration kicked off with
lightning talks from the sponsors of thelightning talks from the sponsors of the
day: Intel, Kumulus Technologies*, Ciscoday: Intel, Kumulus Technologies*, Cisco
DevNet*, Datera*, Mirantis*, Rackspace*,DevNet*, Datera*, Mirantis*, Rackspace*,
Trilio*, VMware* and the OpenStackTrilio*, VMware* and the OpenStack
Meet-up* groups from the San Meet-up* groups from the San 

Francisco Bay Area and San Diego. SujataFrancisco Bay Area and San Diego. Sujata
Tibrewala used the lightning Tibrewala used the lightning 

talk to discuss platform optimizations fortalk to discuss platform optimizations for
Intel® Xeon® processor with vectorIntel® Xeon® processor with vector

packet processing (VPP)* (soft switchpacket processing (VPP)* (soft switch
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packet processing (VPP)* (soft switchpacket processing (VPP)* (soft switch
from CISCO). The evening ended withfrom CISCO). The evening ended with
everyone enjoying delicious cupcakes.everyone enjoying delicious cupcakes.
Videos of the OpenStack seventh birthdayVideos of the OpenStack seventh birthday
event can be found on the SF Bay Areaevent can be found on the SF Bay Area
OpenStack User Group YouTube Channel.OpenStack User Group YouTube Channel.

Welcome New Intel® SoftwareWelcome New Intel® Software
InnovatorsInnovators

Three new Intel® Software InnovatorsThree new Intel® Software Innovators
on-boarded from attendees of Faston-boarded from attendees of Fast
Packet Processing in VNF Using DPDKPacket Processing in VNF Using DPDK
and fd.io Tutorial at IEEE SDN Net softand fd.io Tutorial at IEEE SDN Net soft
(July, Italy)(July, Italy)

Shohreh Ahvar, Shohreh Ahvar, PhD student, InstitutPhD student, Institut
Mines Telecom, Telecom SudParis in co-Mines Telecom, Telecom SudParis in co-
accreditation with the Pierre and Marieaccreditation with the Pierre and Marie
Curie University (Paris 6) on the topic ofCurie University (Paris 6) on the topic of
cloud-based content delivery networkscloud-based content delivery networks
working on Ericson-funded projects. Herworking on Ericson-funded projects. Her
research interests are network functionresearch interests are network function
virtualization, content delivery networks,virtualization, content delivery networks,
cloud computing and wireless sensorcloud computing and wireless sensor
networks.networks.
Mohammad Shojafar,Mohammad Shojafar, Senior researcher Senior researcher
at the University of Rome Tor Vergata toat the University of Rome Tor Vergata to
work on the 5G Superfluidity projectwork on the 5G Superfluidity project
(Consorzio Nazionale Interuniversitario per(Consorzio Nazionale Interuniversitario per
le Telecomunicazioni), Rome, Italy.le Telecomunicazioni), Rome, Italy.
Marco Spaziani Brunella,Marco Spaziani Brunella, Research Research
associate for CNIT/University of Rome Torassociate for CNIT/University of Rome Tor
Vergata. Background in RTL systemVergata. Background in RTL system
design and is currently focused on CPUdesign and is currently focused on CPU
architectures for network packet/flowarchitectures for network packet/flow
processing.processing.

Upcoming Events:Upcoming Events:
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Upcoming Events:Upcoming Events:

22 August 2017 – Dublin, Ireland22 August 2017 – Dublin, Ireland

Platform Transformation for NFV andPlatform Transformation for NFV and
SDNSDN

Come learn about some of theCome learn about some of the
technologies that are instrumental in thetechnologies that are instrumental in the
platform transformation for NFV andplatform transformation for NFV and
SDN. SDN. 

28 August 2017 – Portland, OR28 August 2017 – Portland, OR

Reality of SDN, OpenStack EPA andReality of SDN, OpenStack EPA and
ContainersContainers

Stephen Hemminger, principal softwareStephen Hemminger, principal software
engineer at Microsoft and a Linux*engineer at Microsoft and a Linux*
developer is the featured speaker at thedeveloper is the featured speaker at the
next Portland meet up.next Portland meet up.

As maintainer of the Linux bridging andAs maintainer of the Linux bridging and
the iproute2* utilities, Stephenthe iproute2* utilities, Stephen
contributes regularly to the Linux kernelcontributes regularly to the Linux kernel
and DPDK projects.and DPDK projects.

7 September 2017 – Portland, OR7 September 2017 – Portland, OR

Intel® Builders Developer SummitIntel® Builders Developer Summit

Please join us for the Intel BuildersPlease join us for the Intel Builders
Developer Summit, where you’ll hearDeveloper Summit, where you’ll hear
directly from Intel architects anddirectly from Intel architects and
engineers on topics spanning the dataengineers on topics spanning the data
center, from cloud and fabric, to networkcenter, from cloud and fabric, to network
and storage. The summit’s full-dayand storage. The summit’s full-day

agenda will deliver technical presentationsagenda will deliver technical presentations

Top10Top10 ReviewsReviews News & LaunchesNews & Launches DevworxDevworx ForumForum SKOARSKOARHelp Me BuyHelp Me Buy MobilesMobiles LaptopsLaptops Auto TechAuto Tech InternetInternet PhotosPhotos VideosVideos ContestsContests

News ReleasesNews Releases AdvertiseAdvertise Ask DigitAsk Digit

http://www.digit.in/
http://www.digit.in/top-products/
http://www.digit.in/review/
http://www.digit.in/technology-news/
http://devworx.digit.in/
http://forum.digit.in/
http://skoar.digit.in/
http://www.digit.in/latest-mobile-phones/
http://www.digit.in/mobile-phones/
http://www.digit.in/laptops/
http://www.digit.in/car-tech/
http://www.digit.in/internet/
http://www.digit.in/slideshows/
http://www.digit.in/videos/
http://www.digit.in/contest/
http://www.digit.in/press-release/
http://www.digit.in/about-us/#AdvertiseWithUs
http://www.digit.in/ask-digit/


8/24/2017 Track Reconstruction with Deep Learning at the CERN CMS Experiment | Digit.in

http://www.digit.in/apps/track-reconstruction-with-deep-learning-at-the-cern-cms-experiment-36607.html 18/22

agenda will deliver technical presentationsagenda will deliver technical presentations
and deep dives into Intel and industryand deep dives into Intel and industry
standard technologies as well asstandard technologies as well as
showcasing demos highlightingshowcasing demos highlighting
technology from the sessions.technology from the sessions.

This event is free to attend, but space isThis event is free to attend, but space is
limited. Take a look at our full agenda atlimited. Take a look at our full agenda at
Intel® Builders Developer Summit andIntel® Builders Developer Summit and
register today!register today!

19-20 September 2017 – San Jose, CA19-20 September 2017 – San Jose, CA

Intel® Developer Zone SDN/NFVIntel® Developer Zone SDN/NFV
Network Developer LabNetwork Developer Lab

Call for demos and talks is open. EmailCall for demos and talks is open. Email
your proposal before September 1,your proposal before September 1,
2017.2017.

Hands-on Labs plannedHands-on Labs planned

OpenStack EPA (Enhanced PlatformOpenStack EPA (Enhanced Platform
Awareness with Network ServicesAwareness with Network Services
Benchmark example VNFs)Benchmark example VNFs)
OpenStack OpenDaylight*OpenStack OpenDaylight*
New model for cloud network functionNew model for cloud network function
development: YANFF (yet anotherdevelopment: YANFF (yet another
network function framework)network function framework)
Demo: Kuryr + OpenDaylight that providesDemo: Kuryr + OpenDaylight that provides
the ability to deliver networking for virtualthe ability to deliver networking for virtual
machines (VM) and containers that enablemachines (VM) and containers that enable
microservicesmicroservices
The lab is free to attend but you mustThe lab is free to attend but you must
apply for consideration.apply for consideration.

6-8 November 2017 – Berlin, Germany6-8 November 2017 – Berlin, Germany

The Third International Workshop onThe Third International Workshop on
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The Third International Workshop onThe Third International Workshop on
Security in NFV-SDNSecurity in NFV-SDN

Tutorial: Clear Containers VNF (Speakers:Tutorial: Clear Containers VNF (Speakers:
Manohar Castilino, Eric Ernst (both fromManohar Castilino, Eric Ernst (both from
Intel) and Shohreh Ahvar, Intel Innovator).Intel) and Shohreh Ahvar, Intel Innovator).

6-8 November 2017 – Berlin, Germany6-8 November 2017 – Berlin, Germany  
IEEE Conference on Network FunctionIEEE Conference on Network Function
Virtualization and Software DefinedVirtualization and Software Defined
NetworksNetworks

Tutorial: Fast Packet Processing TowardsTutorial: Fast Packet Processing Towards
Scalable and Agile VNFs. Speakers: SujataScalable and Agile VNFs. Speakers: Sujata
Tibrewala, Muthurajan Jayakumar,Tibrewala, Muthurajan Jayakumar,
Manohar Castelino , and SundarManohar Castelino , and Sundar
Vedantham.Vedantham.

This tutorial is part of Berlin 5G weekThis tutorial is part of Berlin 5G week

At our meet ups, you will interact with andAt our meet ups, you will interact with and
learn from experts at the forefront of thelearn from experts at the forefront of the
SDN and NFV revolution. Register for ourSDN and NFV revolution. Register for our
hands-on labs and tech talks, andhands-on labs and tech talks, and
participate in our on-site networkparticipate in our on-site network
developer challenges for cool prizes. Fordeveloper challenges for cool prizes. For
more information, go to Out of the Boxmore information, go to Out of the Box
Network Developers.Network Developers.

New on Intel® Developer Zone (Intel®New on Intel® Developer Zone (Intel®
DZ)DZ)

Check out the following new content andCheck out the following new content and
more at the Intel Developer Zonemore at the Intel Developer Zone
Networking site.Networking site.

Video tutorial series playlist Intel® ClearVideo tutorial series playlist Intel® Clear
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Video tutorial series playlist Intel® ClearVideo tutorial series playlist Intel® Clear
Containers Overview is now on the ISTVContainers Overview is now on the ISTV
YouTube* channel, featuring Amy LeelandYouTube* channel, featuring Amy Leeland
and Manohar Castelino. Includes threeand Manohar Castelino. Includes three
videos:videos:

Intel Clear Containers Overview, featuringIntel Clear Containers Overview, featuring
Amy LeelandAmy Leeland
Intel Clear Containers: How We MadeIntel Clear Containers: How We Made
Them Smaller and Faster Part 1, featuringThem Smaller and Faster Part 1, featuring
Manohar CastelinoManohar Castelino
Intel Clear Containers: How We MadeIntel Clear Containers: How We Made
Them Smaller and Faster Part 2, featuringThem Smaller and Faster Part 2, featuring
Manohar CastelinoManohar Castelino
The Open vSwitch* Exact-Match CacheThe Open vSwitch* Exact-Match Cache

The Exact-Match Cache is the first andThe Exact-Match Cache is the first and
fastest mechanism used by Openfastest mechanism used by Open
vSwitch* (OVS) to determine what to dovSwitch* (OVS) to determine what to do
with an incoming packet. See its role inwith an incoming packet. See its role in
the OVS workflow and learn about its keythe OVS workflow and learn about its key
features.features.

Get Started with IPsec* Acceleration inGet Started with IPsec* Acceleration in
the FD.io VPP Project.the FD.io VPP Project.

Learn how FD.io, VPP, and the DPDKLearn how FD.io, VPP, and the DPDK
Cryptodev library work together to provideCryptodev library work together to provide
enhanced IPsec* performance andenhanced IPsec* performance and
functionality. Configuration instructionsfunctionality. Configuration instructions
are included.are included.

For more such intel IoT resources andFor more such intel IoT resources and
tools from Intel, please visit thetools from Intel, please visit the Intel® Intel®
Developer ZoneDeveloper Zone

Source:https://software.intel.com/en-Source:https://software.intel.com/en-
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Source:https://software.intel.com/en-Source:https://software.intel.com/en-
us/blogs/2017/08/23/out-of-the-box-us/blogs/2017/08/23/out-of-the-box-
network-developersnetwork-developers

  

Stay Connected with DigitStay Connected with Digit

Lenovo Lenovo Z2 Z2 Plus Plus (Black, (Black, 32GB)32GB)

Rs. 10682Rs. 10682 Buy NowBuy Now

Coolpad Coolpad Cool Cool 1 1 (Gold, (Gold, 4GB)4GB)

Rs. 12990Rs. 12990 Buy NowBuy Now

Apple Apple iPhone iPhone 7 7 32 32 GB GB (Black)(Black)

Rs. 48299Rs. 48299 Buy NowBuy Now

OTHER POPULAR DEALSOTHER POPULAR DEALS

Intel IOT Developer -Intel IOT Developer -
Select your device andSelect your device and
find guides,find guides,

documentation, downloads,documentation, downloads,
support, and more.support, and more.

  

  

Share on FacebookShare on Facebook Share on TwitterShare on Twitter

e.g. Apple iPhone 5S e.g. Apple iPhone 5S SEARCHSEARCH

Top10Top10 ReviewsReviews News & LaunchesNews & Launches DevworxDevworx ForumForum SKOARSKOARHelp Me BuyHelp Me Buy MobilesMobiles LaptopsLaptops Auto TechAuto Tech InternetInternet PhotosPhotos VideosVideos ContestsContests

News ReleasesNews Releases AdvertiseAdvertise Ask DigitAsk Digit

https://www.facebook.com/thinkdigit
https://twitter.com/digitindia
https://plus.google.com/107491101603370931278
http://www.digit.in/rss-feed/
http://www.digit.in/productaggregatortrack.php?source_origin=http://www.digit.in/article-detail-autoload?_=1503564152189&ajax=1&articleId=36676&renderDevice=desktop&tdmid=41866947&listedOn=contentName&widget=horizontal&lang=en
http://www.digit.in/productaggregatortrack.php?source_origin=http://www.digit.in/article-detail-autoload?_=1503564152189&ajax=1&articleId=36676&renderDevice=desktop&tdmid=41866947&listedOn=contentName&widget=horizontal&lang=en
http://www.digit.in/productaggregatortrack.php?source_origin=http://www.digit.in/article-detail-autoload?_=1503564152189&ajax=1&articleId=36676&renderDevice=desktop&tdmid=41866947&listedOn=contentName&widget=horizontal&lang=en
http://www.digit.in/productaggregatortrack.php?source_origin=http://www.digit.in/article-detail-autoload?_=1503564152189&ajax=1&articleId=36676&renderDevice=desktop&tdmid=71752655&listedOn=contentName&widget=horizontal&lang=en
http://www.digit.in/productaggregatortrack.php?source_origin=http://www.digit.in/article-detail-autoload?_=1503564152189&ajax=1&articleId=36676&renderDevice=desktop&tdmid=71752655&listedOn=contentName&widget=horizontal&lang=en
http://www.digit.in/productaggregatortrack.php?source_origin=http://www.digit.in/article-detail-autoload?_=1503564152189&ajax=1&articleId=36676&renderDevice=desktop&tdmid=71752655&listedOn=contentName&widget=horizontal&lang=en
http://www.digit.in/productaggregatortrack.php?source_origin=http://www.digit.in/article-detail-autoload?_=1503564152189&ajax=1&articleId=36676&renderDevice=desktop&tdmid=46596904&listedOn=contentName&widget=horizontal&lang=en
http://www.digit.in/productaggregatortrack.php?source_origin=http://www.digit.in/article-detail-autoload?_=1503564152189&ajax=1&articleId=36676&renderDevice=desktop&tdmid=46596904&listedOn=contentName&widget=horizontal&lang=en
http://www.digit.in/productaggregatortrack.php?source_origin=http://www.digit.in/article-detail-autoload?_=1503564152189&ajax=1&articleId=36676&renderDevice=desktop&tdmid=46596904&listedOn=contentName&widget=horizontal&lang=en
http://www.digit.in/tracker/intel-iot-developer.html
javascript:newPopup('https://www.facebook.com/sharer/sharer.php?s=100&u=')
javascript:newPopup('https://twitter.com/share?url=')
http://www.digit.in/
http://www.digit.in/top-products/
http://www.digit.in/review/
http://www.digit.in/technology-news/
http://devworx.digit.in/
http://forum.digit.in/
http://skoar.digit.in/
http://www.digit.in/latest-mobile-phones/
http://www.digit.in/mobile-phones/
http://www.digit.in/laptops/
http://www.digit.in/car-tech/
http://www.digit.in/internet/
http://www.digit.in/slideshows/
http://www.digit.in/videos/
http://www.digit.in/contest/
http://www.digit.in/press-release/
http://www.digit.in/about-us/#AdvertiseWithUs
http://www.digit.in/ask-digit/


8/24/2017 Track Reconstruction with Deep Learning at the CERN CMS Experiment | Digit.in

http://www.digit.in/apps/track-reconstruction-with-deep-learning-at-the-cern-cms-experiment-36607.html 22/22

ABOUT USABOUT US CONTACT USCONTACT US ADVERTISEADVERTISE SUBSCRIBESUBSCRIBE PRIVACYPRIVACY
TERMSTERMS SITEMAP HTMLSITEMAP HTML

Digit caters to the largest community of tech buyers,Digit caters to the largest community of tech buyers,
users and enthusiasts in India. The all new Digit.inusers and enthusiasts in India. The all new Digit.in
continues the legacy of Thinkdigit.com as one of thecontinues the legacy of Thinkdigit.com as one of the
largest portals in India committed to technology userslargest portals in India committed to technology users
and buyers. Digit is also one of the most trusted namesand buyers. Digit is also one of the most trusted names
when it comes to technology reviews and buying advicewhen it comes to technology reviews and buying advice
and is home to the Digit Test Lab, India's most proficientand is home to the Digit Test Lab, India's most proficient
center for testing and reviewing technology products.center for testing and reviewing technology products.

We are about leadership – the 9.9 kind!We are about leadership – the 9.9 kind!
Building a leading media company out ofBuilding a leading media company out of
India. And, grooming new leaders for thisIndia. And, grooming new leaders for this
promising industry.promising industry.

Copyright © 2007-14 Nine Dot NineCopyright © 2007-14 Nine Dot Nine
Mediaworx Pvt. Ltd. All Rights Reserved.Mediaworx Pvt. Ltd. All Rights Reserved.

  

Top10Top10 ReviewsReviews News & LaunchesNews & Launches DevworxDevworx ForumForum SKOARSKOARHelp Me BuyHelp Me Buy MobilesMobiles LaptopsLaptops Auto TechAuto Tech InternetInternet PhotosPhotos VideosVideos ContestsContests

News ReleasesNews Releases AdvertiseAdvertise Ask DigitAsk Digit

http://www.digit.in/about-us/
http://www.digit.in/about-us/#ContactUs
http://www.digit.in/about-us/#AdvertiseWithUs
http://store.digit.in/
http://www.digit.in/about-us/#PrivacyPolicy
http://www.digit.in/about-us/#TermsService
http://www.digit.in/sitemap/
https://www.facebook.com/thinkdigit
https://twitter.com/digitindia
https://plus.google.com/107491101603370931278
http://www.digit.in/rss-feed/
http://www.digit.in/
http://www.9dot9.in/
http://www.digit.in/
http://www.digit.in/top-products/
http://www.digit.in/review/
http://www.digit.in/technology-news/
http://devworx.digit.in/
http://forum.digit.in/
http://skoar.digit.in/
http://www.digit.in/latest-mobile-phones/
http://www.digit.in/mobile-phones/
http://www.digit.in/laptops/
http://www.digit.in/car-tech/
http://www.digit.in/internet/
http://www.digit.in/slideshows/
http://www.digit.in/videos/
http://www.digit.in/contest/
http://www.digit.in/press-release/
http://www.digit.in/about-us/#AdvertiseWithUs
http://www.digit.in/ask-digit/

