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Why a company providing scientific 
computing services?

Industry needs scientific computing 
to improve productivity and 
competitiveness

eXact lab is able to drive the needs
and enable high performance solutions
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eXact lab offers solutions, training and on-
demand access in the high performance 

computing market
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Our mission



eXact lab wants to ease access to computational 
resources, for SME and public sector, dismantling 
the notoriety that still relegates HPC to an elite 

only playground

Our vision



6 years activity
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The team
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eXact lab team

The	core	team		
• 	3	Founders:	strong	background	in	scien>fic	compu>ng		
• 	3	Collaborators:	scien>fic	so\ware	analyst,	sys.	adm	,	
data	scien>st		

Network	of	professional	contacts		

• Consultants/Professionals	for	specific	tasks		

Network	of	academic	researchers	
• Joint	collabora>on	in	R&D	projects	with	local	and	
European	scien>fic	partners		
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Services and products



We offer high performance services

•  Infrastructure management
•  Computing on-demand
•  Coding for Big Data
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Infrastructure management

eXact lab designs and manages computing 
resources, and offer consultancy to optimize 
your software stack 

 Services and consultancy to        
boost your resources and software
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ARPA FVG success story

eXact lab 
•  maintains the HPC resources for ARPA 
•  runs on its own infrastructure the Weather Model to provide 

business continuity

•  Help research in improve/optimize simulation workflow at all 
levels 

A full spectrum consultancy which notably 
increased the overall productivity
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San Raffaele Hospital

Personalized medicine - customization of 
healthcare by use of genetic information

Our team built an high performance, highly 
available, computing infrastructure for genomic 
research
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Computing on-demand
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eXact lab provides support and resources to 
tackle pressing computational problems without 
the burden of installing anything on local 
machines.

Cloud computing services 
anywhere and anytime



C3HPC: HPC on-demand

C3HPC is a Cloud supercomputing infrastructure managed 
by eXact lab
It provides a complete software ecosystem able to tackle any 
kind of computing needs by means of modern software tools

Examples: 
   virtual workstation for remote visualization
   Deep learning framework in containers
  

www.c3hpc.com		
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Virtual workstation on C3HPC
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Shared	storage	
infrastructure	

	C3	core	
infrastructure	HPC	
•  Linux	based		
•  Easy	accessible	

VIznode	
•  Cloud	based		
•  2	GPU	K2	

	Virtual	worksta>on		
•  GPU	enabled!		
•  Elas>c	size	
•  Remote	accessible	

from	any	device	

Virtual	
worksta>on	



Docker container in HPC 
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•  Docker containers as an alternative to Virtual Machines (VM)
–  Close to zero overhead (no virtualization of interfaces), crucial with parallel 

HPC workloads
–  Ease of communication between containers
–  Fast provisioning
–  No time spent in compiling and packaging scientific libraries on a HPC 

cluster



Docker on C3HPC

•  Integration with the PBS Pro 12.2 queue 
system:
– remove Docker containers at the job termination

– Creation of an hook embedded into PBS Pro + a 
convention on the names of Docker containers to 
be removed after the job
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docker run … \ 
--name example_${PBS_JOBNAME}_${PBS_JOBID} 
 



Docker on C3HPC (2)

•  20 scripts in Bash and Python to speed-up the 
creation and usage of ML models on a HPC 
platform

•  2 different frameworks for ML and many 
models studied (CNTK and TensorFlow)
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$ qsub -q gpuqueue -l nodes=1:ppn=24 \ 
-v IMAGES_FOLDER=/images/,OUTPUT_FOLDER=/output/ \ 
/scripts/run_fine-tuning_multiGPU_CNTK.sh 



Coding for Big Data

eXact lab provides state of the art Machine/
Deep Learning software stacks on any kind of 
infrastructure and develops tailored solutions 
for any Big Data problem.

Advanced 
analytics techniques 
for any HPC application
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Foodword suite

Subject: italian food
Semantic analysis on different social media 
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Foodword suite

Real time monitoring of “food” concept
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Foodword suite

Real time monitoring of “food” concept
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A joint case study: 
classifying SEM images by 
Neural network within 
NFFA-EUROPE project 



NFFA-Europe	has	received	funding	from	the	European	Union’s	Horizon	2020	research	and	innova>on	programme	under	grant	agreement	No	654360		

EU	funded	project		
	
it	provides	the	widest	range	of	tools	for	
research	at	the	nanoscale	
Free	transna>onal	access	to	academia	&	industry	
	
www.nffa.eu		



The consortium
20 partners of which 10 nanofoundries co-located with Analytical Large Scale 
facilities

Coordinated by CNR-IOM 



The offer
TA 
Transnational Access activities 
Multidisciplinary research at the nanoscale �
performed at nano-laboratories and ALSFs 
Integration of theory & numerical �
analysis with advanced characterization

NA 
Networking activities 
Interface for different user communities
Industrial exploitation of experimental data

JRA
Joint Research activities 
Methods & tools at the frontier in nanoscience research 

Improved infrastructures for academic & industrial 
projects 



NFFA Data management 
JRA3:	

e-Infrastructure	for	data	and	informa>on	management	
A transversal activity devoted to the setup of the 
first Information and Data Repository 
Platform (IDRP) for Nano science 
•  Defini>on	of	new	metadata	standards	for	data	
sharing	in	nanoscience	

•  Automatic acquisition of key metadata and 
create a data repository for future data access 

Data infrastructure is  complemented  by Data 
Analysis Services. 
 
	
	



NFFA IDRP architecture

 

Nanoscience Foundries and Fine Analysis – EUROPE                        
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further develop the lithography and pattern transfer technologies towards the controlled and reproducible 

fabrication of sub-10 nm structures in surfaces over an area large enough to perform meaningful scientific 

experiments and to further exploit possible application of these patterning technologies in several test areas: 1) 

semiconductor quantum-dots for advanced IT technologies, 2) bioanalytic devices, where the specific interaction of 

biomolecules with surface patterns matching their size could result in exciting new scientific insights, 3) patterned 

surfaces serving as model catalysts in heterogeneous catalysis (see also JRA2). Users will immediately benefit from 

the results. 

PSI(coordinator, CH), PRUAB(ES), TUG(AT), DESY(DE), CNRS(FR), FORTH(EL) 

WP8: Research on e-infrastructure for data and information management Effective archiving and providing 

of open access to scientific data repositories are challenges that require novel data management methods. Suitable 

data formats for interoperability are mandatory as well as an effective link to metadata. The previous work under 

NFFA-Design Study identified the relevant information that is needed for data analysis and represents the 

background of the present JRA that will develop and deploy the IDRP as a key item of the NFFA-EUROPE 

infrastructure; it will be operated by users (those who generate the data) and it will be accessed by “third party 
users” (those who access the NFFA-EUROPE repository under suitable rules and conditions). The whole 

information and data management process handled within the NFFA-EUROPE infrastructure will then be done on 

the IDRP. A new entry will be added to the IDRP when a new proposal is received, generating a work-place where 

all relevant information on users, samples, previously acquired results, and related literature is uploaded or linked 

and where all proposal evaluation steps and scheduling of access to the NFFA-EUROPE facilities are recorded. 

Manual data entries by the users will be necessary, but limited to an overall effort lower than conventional log-

booking.  

 

The access to the experiment work-place will be extended to the users and to their collaborators in e-access/remote 

mode, so that remote data analysis or complementary work (simulations, calculations, other) can be performed in 

an interactive mode in real time. The system will develop modules for remote-operation. All relevant data and 

metadata of all the content of the proposal’s “work-place” will be archived in the open-access IDRP. The access 

rules to the IDRP will imply some limitations, and will require proper acknowledgement of the source of the data 

and metadata, including the scientists and institutions who did the work and who should agree on its further use by 

the “third-party” users. IDRP will also provide on line data analysis services, adopting a similar approach as that 

proposed also by the PaNDAS project which will be submitted to the H2020 INFRADEV-4 call. A collaboration 

and an exchange of ideas and techniques is ongoing among the two proposals. 

Easy	data	access	from	all	facili>es	and	via	the	NFFA	portal	for	all	NFFA	users	



NFFA IDRP deployment  

 

Nanoscience Foundries and Fine Analysis – EUROPE                        
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Our Issue: SEM images �

•  One SEM Available at 
CNR-IOM Trieste with 
150,000 images NOT 
classified

•  10 SEM across European 
partners:  the work can be 
exported to a sizeable 
part of the community



Sharing images is nice..
•  A couple of million nano images can be of 

some help for some nanoscience..

But before doing that we need to start 
classifying  them…



SEM images classification steps�

•  STEP1: Classify images (scientific skills)

•  STEP2: Train a neural network (deep 
learning) 

•  STEP 3: Use the network as classifier 
(inference)
–  Semi - Automatic tool for SEM users
– Massive process of all the images



We created and manually annotated the first 
dataset of classified SEM images (18,577 images). 	

Aversa et al., in preparation	

Step1: classify images.. �



Step 2: train the network !  



Step2 : the tools/infrastructure… 



Step2: The deep Learning network.. 

•  Models:
– AlexNet
–  Inception-v3/v4
– Densenet

•  Deep learning techniques:
– Training from scratch
– Transfer learning (Feature extraction, Fine 

Tuning)
•  Deep learning frameworks:

– TensorFlow
– Neon/Nervana



Glossary
•  Supervised learning: labelled examples
•  Transfer learning: applying knowledge of a 

trained network to a new domain
•  Check point: set of parameters saved at a 

certain point of the training 
•  Feature Extraction: previous layers frozen 

to the check point + last layer(s) randomly 
initialized

•  Train from scratch: all the parameters of 
all the layers are randomly initialized

•  Fine tuning: all the parameters are initialized 
to the last check point and are allowed to vary



Feature extraction: �
ImageNet Checkpoint



Training from Scratch: alexnet



Training from Scratch: inc-v4



Training from Scratch: inc-v3



Which is the best ? 



What about batch size ? 



Densenet vs Inception.. 



Densenet vs Inception 



Technical results
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MultiGPU scalability
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Neon/Nervana preliminary results
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Step 3: data analysis services
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Step 3: massive image classification 

•  Massive Image Processing of all the 150,000 
NFFA-EUROPE images

•  Process:
– Use a ML model specifically trained to classify the 

Images
– Collect the 5 most probable categories for each image

– Add the categories as metadata of the image

•  Time requested: 150,000 images on 48 cores 
took 75 hours of computation
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Tools: Apache spark cluster by docker 
integrated within LRMS 
•  1 Docker container running the Apache 

Spark driver, on the first node
•  1 Docker container running an Apache Spark 

worker on each node, using the maximum 
amount of resources allocated  by PBS Pro
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Apache Spark speedup 
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Sem-classifier.nffa.eu
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Conclusion

•  A positive collaboration has been setup 
between eXact-lab and CNR/IOM 

•  eXact lab is working to identify some key 
services for industry

•  Big data/ML expertise should be converted in 
some advanced/customized  services 
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